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A B S T R A C T   

Childhood obesity is a high prevalence condition that causes a high burden of disease in adulthood. Mobile 
phone app are increasingly used to prevent it. We summarized the evidence on the effectiveness of mobile apps 
for devices used by parents to prevent and treat childhood and adolescent obesity. 

An update of a systematic review of the literature (De Lepeleere et al., 2017) was carried out. PubMed, 
Embase, Cochrane, CINAHL, PsycINFO, Scopus, and ERIC were searched up to 2020. The included studies should 
target children 1–18 years, compare an app aimed at preventing or treating overweight and obesity, as stand- 
alone intervention or as part of a complex program, installed on parents’ mobile devices, to no intervention 
or an intervention without the app. Outcomes related to weight status, diet, and physical activity (PA) behaviors 
were considered. Nineteen studies (14 RCTs and 5 non-randomized trials) were included. The app was mainly 
used to record food consumption and PA, to set goals, to view progress, and send health promotion messages. 

One study reported a significant decrease and one a suggestive decrease in anthropometric measures in obese 
and overweight children, while other studies observed no effect. One study reported a significant increase in PA. 
Six interventions proved to be effective in changing dietary behaviors. Interventions targeting overweight and/or 
obese children had the most positive results. All studies reported high acceptability and feasibility of in
terventions. The differences between interventions and the small sample size of the studies did not allow this 
review to reach conclusion on effectiveness.   

1. Introduction 

1.1. Prevalence of obesity in western countries and health consequences 

Obesity is highly prevalent among children and adolescents around 
the world, particularly in industrialized countries. Worldwide, 39 
million children under the age of 5 were overweight or obese in 2020 
and over 340 million children and adolescents aged 5–19 were over
weight or obese in 2016 (World Health Organization.et., 2020). 

In Europe, the prevalence of overweight (including obesity) in 
2015–2017 was 29 % for boys and 27 % for girls aged 7–9 years, with 
large differences between countries (WHO et., 2021). 

Obesity can have serious organic and psychological consequences in 
childhood and adolescence, as well as in the long term. Children with 
obesity have a greater probability of being an adult with obesity, with 
various clinical complications (Rankin et al., 2016) (Gurnani et al., 
2015). 

Abbreviations: PICO(S), Population, Intervention, Comparator, Outcomes, Study design; RCTs, Randomized clinical trials; RoB, risk of bias; BMI, body mass index; 
WHR, waist-to-hip ratio. 
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1.2. The behavioral and environmental causes of childhood and 
adolescent obesity 

There are many risk factors for childhood obesity. Some are related 
to diet, starting in early life (Mameli et al., 2016; Azad et al., 2018; Woo 
Baidal et al., 2016) and are life-long (Payab et al., 2015; de Ruyter et al., 
2012; Pereira, 2014), while others are related to a sedentary lifestyle 
(Fang et al., 2019; Terrón-Pérez et al., 2021; Pan et al., 2021). Finally, 
the family and socio-economic context can play an important role. 
Parents with obesity may unwittingly favor obesogenic behaviors, such 
as an unhealthy diet and sedentary lifestyles (Weihrauch-Blüher and 
Wiegand, 2018; Early and Risk, 2018). 

Effective Interventions to Prevent and Treat Childhood and Adoles
cent Obesity and the Role of Mobile Technology as a Support for Health 
Promotion. 

As children and adolescents who are overweight are vulnerable to 
serious health consequences, early prevention and treatment are 
essential. Multidisciplinary approaches through lifestyle interventions 
focusing on both nutrition and physical activity and involving the whole 
family proved more effective in preventing and treating childhood 
obesity than one-target, one-setting interventions (Brown et al., 2019; 
Loveman et al., 2015; Venturelli et al., 2019). 

Given the widespread use of mobile technology, health care has also 
begun to use it to more effectively convey information on healthy life
styles. (Report, 2020). 

The mobile application market for weight loss and management has 
rapidly expanded in recent years, and app-based interventions targeting 
adults have been found effective (Mateo et al., 2015). 

However, there is still little information on the quality and reliability 
of these applications. A 2014 review found low adherence to guideline 
recommendations in existing apps for diet and exercise for children 
(designed to be used both by parents and by children) (Wearing et al., 
2014). 

To be consistent with evidence-based recommendations, mobile 
health apps should be developed according to scientific evidence and on 
theoretical constructs (Wearing et al., 2014; Schoffman et al., 2013; 
Rivera et al., 2016). A scientifically reliable assessment of their use as 
stand-alone interventions as well as an aid in complex intervention 
programs is also needed (Rivera et al., 2016; Tate et al., 2013; Gittelsohn 
et al., 2015; Huang et al., 2009; Schoeppe et al., 2016; Wang et al., 
2017). 

Quelly et al. (Quelly et al., 2016) conducted a systematic review that 
assessed the impact of mobile apps that are also used by children and 
adolescents, and Hammersley et al. (Hammersley et al., 2016) con
ducted a systematic review only on eHealth interventions where parents 
or caregivers were agents of change in the Body Mass Index (BMI) of 
overweight and obese children. The results of these reviews provide 
initial evidence to support the development and implementation of 
mobile apps in tackling childhood obesity. Since screen time is a strong 
determinant of child obesity (Fang et al., 2019), several authors criti
cized interventions that could incentivize the use of mobile devices by 
children (Tate et al., 2013; Quelly et al., 2016; Hammersley et al., 2016). 

The aim of this systematic review was to produce a summary of the 
evidence on the efficacy and effectiveness of parents’ use of mobile 
health apps to prevent and treat childhood and adolescent obesity. 

2. Methods 

2.1. Protocol of the systematic review (PROSPERO) 

The protocol of this systematic review was registered on the PROS
PERO database: ID CRD42019121430. 

2.2. Literature search methods 

A previous systematic review that assessed the impact of parents’ use 

of mobile apps in prevention and treatment interventions for childhood 
and adolescent obesity was identified (Quelly et al., 2016). We adapted 
the strategy reported by the authors to our own eligibility criteria. We 
are confident that no relevant studies published up to 2014 were missed 
by Quelly’s search, as the only difference we introduced in eligibility— 
that the app should designed to be installed on parents’ devices— 
restricted the set of eligible papers. Thus, the strategy was used to search 
PubMed, Embase, Cochrane, CINAHL, PsycINFO, Scopus, and ERIC for 
articles published between January 1, 2014, and December 31, 2020. 

The references of systematic reviews with objectives similar to ours 
were used to retrieve further studies. Studies were included without any 
exclusion regarding the setting where the intervention was carried out 
and evaluated (school, health care, general population, etc.) and 
without any geographical limitations. 

2.3. Study selection process - criteria and Methods of inclusion and 
exclusion of studies 

The research question was framed as the following PICO: 
Population: children and adolescents (ages 1–18 years). 
Intervention: Interventions aimed at preventing or treating over

weight and obesity through the use of an app, as a stand-alone inter
vention or as part of a complex program, to be installed on parents’ 
smartphone. 

Comparator: no intervention or intervention without the app 
component. 

Outcomes: anthropometric measures: pre-post difference in BMI, 
BMI z-score, BMI percentile; pre-post difference in waist circumference 
or waist-to-hip ratio (WHR - absolute, z-score, or percentile), fat mass 
index (FMI); behaviors: changes in diet, physical activity, and inactivity; 
usability, acceptability, transferability, and feasibility measures. 
Participation in the intervention, attitudes, and self-efficacy were 
considered as secondary outcomes. 

Studies with experimental, quasi-experimental, and comparative 
observational designs were considered, including non-randomized and 
randomized trials and comparative cohort studies. 

Four reviewers (I.P., F.V., L.B, N.P.) screened the title and abstract of 
the search results. All 4 reviewers agreed on and standardized the se
lection criteria and screened a first set of 100 titles. The other titles were 
then screened individually: any case for which a reviewer had doubts 
was discussed in a consensus meeting. Once the relevant papers were 
identified, the full texts were retrieved, and their suitability was assessed 
by 3 reviewers (I.P., F.V., N.P.). Discordant cases were discussed, and a 
decision was taken by consensus. 

2.4. Extraction of data from primary studies 

For each primary study, information was extracted concerning the 
authors, year of publication, country in which the study was carried out, 
study design, sample characteristics, duration of follow-up, evaluated 
outcomes, and results. Extraction was conducted by L.B., F.V., and N.P. 

2.5. Quality assessment of studies 

The quality of the included studies was evaluated using the Risk of 
Bias 1 (RoB 1) tool for RCTs; for non-randomized studies, an assessment 
was performed based on the domains addressed in the ROBINS-I tool and 
was summarized in the text (Methods in Cochrane et., 2021). Two re
viewers (I.P. and L.B.) independently assessed the risk of bias. Dis
agreements were resolved by means of discussion and consensus with 
other 2 reviewers (F.V. and N.P.). 

3. Summary of results 

Differences in the interventions made it impossible to perform a 
meta-analysis. The results of the studies are summarized in narrative 
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form and synopses. 
Ethics. 
An ethics statement is not applicable because this Systematic Review 

is based exclusively on published literature. 

4. Results 

4.1. Included studies 

The title and abstract of 2016 papers were screened, with 46 full-text 
articles assessed for eligibility. At the end of the selection process, 19 
interventions (20 papers) were included (Fig. 1) (Wingo et al., 2020; 
Nyström et al., 2017; Delisle Nyström et al., 2018; Johansson et al., 
2020; Nezami et al., 2018; Shen et al., 2020; Wald et al., 2018; Ham
mersley et al., 2019; De Lepeleere et al., 2017; Vilchis-Gil et al., 2021; 
Røed et al., 2021; Bakırcı-Taylor et al., 2019; Chai et al., 2019; Clarke 
et al., 2019; Jake-Schoffman et al., 2018; Pearson et al., 2020; Perdew 
et al., 2021; Sutherland et al., 2019; Tripicchio et al., 2017; Trost and 
Brookes, 2021). 

The studies were published between 2017 and 2021, while the in
terventions were conducted from 2014. Follow up ranged from a mini
mum of 4 weeks (Wingo et al., 2020) to a maximum of 1 year (Nyström 
et al., 2017; Delisle Nyström et al., 2018). Outcomes were measured at 
the end of the intervention period in most studies, apart from the studies 
by Johansson (Johansson et al., 2020), Nezami (Nezami et al., 2018), 
Shen (Shen et al., 2020), and Wald (Wald et al., 2018), who also did 
assessments in the middle of the intervention. Nystrom (Nyström et al., 
2017; Delisle Nyström et al., 2018), Hammersley (Hammersley et al., 

2019), Nezami (Nezami et al., 2018), Johansson (Johansson et al., 
2020), De Lepeleere (De Lepeleere et al., 2017), Jenny Vilchis-Gil (Vil
chis-Gil et al., 2021), and Røed (Røed et al., 2021) had 2 follow-up times, 
while Wald (Wald et al., 2018) had 4 follow-up times. (Table 1). 

4.2. Characteristics of the interventions 

Fig. 2 summarizes the characteristics of the interventions. The 
MINISTOP, VeggieBook, and Moovosity interventions (Nyström et al., 
2017; Delisle Nyström et al., 2018; Clarke et al., 2019; Trost and 
Brookes, 2021) were delivered via a smartphone app and were among 
the few interventions without other components. Six interventions tar
geted children who were overweight or obese (Johansson et al., 2020; 
Wald et al., 2018; Chai et al., 2019; Perdew et al., 2021; Tripicchio et al., 
2017) or children at risk of overweight (Hammersley et al., 2019), while 
all the other interventions targeted children regardless of their BMI. One 
intervention was aimed at children with mobility impairments (Wingo 
et al., 2020). 

The target behavior in 9 interventions (Chai et al., 2019; Perdew 
et al., 2021; Tripicchio et al., 2017; Nyström et al., 2017; Delisle 
Nyström et al., 2018; Johansson et al., 2020; Nezami et al., 2018; Shen 
et al., 2020; Wald et al., 2018; Hammersley et al., 2019) was to improve 
children’s weight, eating habits, and physical activity, while others 
focused on specific behavioral changes and did not have any change in 
anthropometric features as a target. 

Three studies assessed the effectiveness of interventions by 
comparing more than two groups: two intervention groups were 
compared to a control group in the cohort study conducted by Tripicchio 

Fig. 1. PRISMA Flow diagram describing the study selection process. Notes: * Articles included in the bibliography of the following reviews: Hammersley 2016 
(Hammersley et al., 2016); Quelly 2016 (Quelly et al., 2016), Rose 2017 (Rose et al., 2017); Schoeppe 2016 (Schoeppe et al., 2016), Wang 2017 (Wang et al., 2017), 
Fowler 2021 (Fowler et al., 2021); Mehdizadeh 2020 (Mehdizadeh et al., 2020); Zarnowiecki 2020 (Zarnowiecki et al., 2020). 
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Table 1 
Characteristics of included studies reported by target population and by study design.  

Interventions targeting children and/or adolescents who are overweight and/or obese 

Randomized Clinical Trials 

Author, year and 
country 

Study or app 
name 

Study design Subjects’ 
characteristics 

Sample size Follow- 
up 

Primary Outcome Secondary 
Outcomes 

Chai, 2019 (Chai 
et al., 2019) 
Australia 

Back2Basics 
Family B2BF 
website 

RCT Parents and their 
children aged 4–11 
years with BMI above 
the mid-point of the 
healthy weight 
category (21.5) 

N = 125 families 12 weeks Retention and 
intervention utilization; 
BMI; waist 
circumference; diet  

Johansson, 2020 ( 
Johansson et al., 
2020) Sweden 

Provement RCT Parents of 5–12-year- 
old children with 
obesity 

N = 28 parents 3 and 6 
months 

Feasibility of the 
intervention and 
changes in BMI SDS  

Wald, 2018 (Wald 
et al., 2018) USA 

O-CHESS RCT Parents of 3–7-year-old 
overweight and obese 
children 

N = 73 parents 3, 6, 9, 
and 12 
months 

Feasibility of the 
intervention to promote 
healthy behavior 
changes 

BMI z scores, healthy 
behavior changes; 
increased parent self- 
efficacy 

Non-randomized studies 
Perdew, 2021 ( 

Perdew et al., 
2021) Canada 

Family Healthy 
Living Early 
Intervention 
Program (EIP) 

Quasi- 
experimental 
design 

One parent and his/her 
healthy children 8–12 
years old at or above 
85th BMI percentile 

N = 71 children 10 weeks BMI Z-score Eating habits and 
physical activity in 
children 

Tripicchio, 2017 ( 
Tripicchio et al., 
2017) USA 

FITNET Three cohorts 
non-randomized 
comparative 
study 

Parents of 2–18-year- 
old overweight or 
obese children 

N = 64 parents 12 weeks Children’s BMI z-score Feasibility of the 
intervention 

Interventions targeting children and/or adolescents regardless of their BMI 
Randomized Clinical Trials 
Author, year and 

country 
Study or app 
name 

Study design Subjects’ 
characteristics 

Sample size Follow- 
up 

Primary Outcome Secondary 
Outcomes 

Bakırcı-Taylor, 
2019 (Bakırcı- 
Taylor et al., 
2019) USA 

Jump2Health RCT Parents and children 
(3–8 years old) 

N = 30 families 10 weeks Feasibility; intake of 
fruits and vegetables 
measured through level 
of skin carotenoid  

Clarke, 2019 ( 
Clarke et al., 
2019) USA 

VeggieBook Cluster RCT Household’s cook of 
9–14-year-old child 
dyads 

N = 15 food 
pantry 
distributions 
including N =
289 pantry 
clients 

10 weeks Target-veggie prep 
scorea and General- 
veggie prepsb  

Hammersley, 2019 ( 
Hammersley 
et al., 2019) 
Australia 

Time2bHealthy RCT Parent-child (2–5 years 
at risk of overweight) 
dyads. 

N = 86 dyads 3 and 6 
months 

BMI PA, sleep habits, 
dietary intake, screen 
time, child feeding, 
parent modelling and 
self-efficacy 

Jake-Schoffman, 
2018 (Jake- 
Schoffman et al., 
2018) USA 

mFIT RCT Parent-child (9–12 
years old) dyads. 

N = 33 dyads 12 weeks Eating habits and 
physical activity in 
children and parents  

Nezami, 2018 ( 
Nezami et al., 
2018) USA 

Smart Moms RCT Mothers with a BMI 
25–50 and a child 
between the ages of 
3–5 years consuming 
>=12 oz/day of SSB/ 
juice. 

N = 51 mothers 3 and 6 
months 

Children’s intake of 
sugary beverages 

Mother’s BMI 

Nyström, 2017 ( 
Nyström et al., 
2017); Nyström, 
2018 (Delisle 
Nyström et al., 
2018) Sweden 

MINISTOP RCT Parents of 4-year-old 
children 

N = 315 parents 6 months 
and 12 
months 

Children Fat Mass Index Eating habits and 
physical activity in 
children 

Pearson, 2020 ( 
Pearson et al., 
2020) UK 

The Kids FIRST Cluster four-arm 
RCT 

Parents of 9–11-year- 
old children 

N = 64 parents 
(75 children) 

13 weeks Screen-time and eating 
behaviors 

Eating behaviors in 
children during 
screen time;  

Parent screen time 
and eating behaviors; 
participation, 
feasibility, retention. 

Røed, 2021 (Røed 
et al., 2021) 
Norway 

Food4toddlers RCT Parents of infants and 
toddlers completing 
online questionnaire. 

N = 298 parents 6 and 12 
months 

Child’s diet (vegetables, 
fruits, discretionary 
food) 

Participation 

SWAP IT Cluster 2x2 RCT N = 948 parents 
(1915 children) 

10 weeks Mean kJ content of 
foods and beverages 

Energy from 
recommended foods 

(continued on next page) 
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et al. (Tripicchio et al., 2017), as well as in a 3-arms RCT conducted by 
Chai et al. (Chai et al., 2019); the third study was a pilot four-arm cluster 
RCT by Pearson et al. (Pearson et al., 2020). For all three studies we 
considered the intervention group most adherent to our eligibility 
criteria for interventions vs control group. 

Despite the fact that all the mobile health components of the in
terventions were downloaded onto the parents’ devices this being an 
inclusion criterion of this systematic review, some interventions aimed 
directly at changing the child’s behaviors, while others at changing the 
parents’ behaviors, or both. A detailed description of each intervention 
is reported in Supplementary file Table A1. 

4.3. Theoretical basis of the interventions 

The vast majority of interventions (Nezami et al., 2018; Røed et al., 
2021; Bakırcı-Taylor et al., 2019; Wald et al., 2018; Hammersley et al., 
2019; De Lepeleere et al., 2017) were based on social cognitive theory 
(Bandura, 1989; Bandura, 1977) and, in many cases (Nyström et al., 
2017; Delisle Nyström et al., 2018; Chai et al., 2019; Sutherland et al., 
2019), also on theory-based behavior change techniques (Michie et al., 
2011). Jack-Schoffmann (Jake-Schoffman et al., 2018) also considered 
the theory of planned behaviour. Pearson‘s (Pearson et al., 2020) 
intervention was framed in a social ecological perspective and was 
theoretically informed also by drawing on constructs derived from Habit 
Theory (Gardner et al., 2012) and Behavioural Choice. 

The interventions were centered around existing guidelines for 
healthy eating and physical activity. 

Some interventions had similar characteristics, but all the in
terventions had specific features and differed from other in terms of 
construct and organization. 

4.4. Effectiveness of the interventions 

4.4.1. Risk of bias 
Fig. 3 shows the risk of bias assessment for each RCT. Overall, the 

risk of bias was low. However, 8 studies did not clearly report the 
randomization and allocation process (Wingo et al., 2020; Johansson 
et al., 2020; Nezami et al., 2018; Wald et al., 2018; Røed et al., 2021; 
Clarke et al., 2019; Jake-Schoffman et al., 2018; Sutherland et al., 2019). 
The risk of bias in each study due to the blinding of participants and 
personnel was considered low since, as the trials were open-label, 
participant blindness was not possible. On the other hand, the 
outcome assessment in 3 studies had high risk of bias, particularly in the 
absence of masking of the intervention (Wingo et al., 2020; Røed et al., 
2021; Pearson et al., 2020). Furthermore, the incomplete follow-up in 4 
studies was a matter of concern (Wald et al., 2018; Røed et al., 2021; 
Clarke et al., 2019; Pearson et al., 2020). Detailed information on the 
risk of bias for each RCT is reported in Supplementary Table A2. 

In the study conducted by Tripicchio (Tripicchio et al., 2017), a non- 
randomized study, the 3 cohorts differed in their racial/ethnic compo
sition at baseline. The study is at risk of bias due to confounding. The 
assignment to groups took place according to the recruitment period; the 
personnel knew in which group the subject was assigned but could not 
change the assignment, resulting in a low risk for allocation conceal
ment. As follow-up rates were low and unbalanced between groups, the 
risk of attrition bias was considered high. There was no information on 
blinding of outcome assessors, leading to an unclear risk of bias in this 
domain. 

In the study by De Lepeleere (De Lepeleere et al., 2017), a quasi- 
experimental study, parents completed an online questionnaire, from 
which the variables of the study were evaluated. BMI was calculated by 
the parents and then reported in the questionnaires. The percentage of 
dropouts one month after baseline was low but unbalanced. 

Table 1 (continued ) 

Interventions targeting children and/or adolescents who are overweight and/or obese 

Randomized Clinical Trials 

Author, year and 
country 

Study or app 
name 

Study design Subjects’ 
characteristics 

Sample size Follow- 
up 

Primary Outcome Secondary 
Outcomes 

Sutherland, 2019 ( 
Sutherland et al., 
2019) Australia 

Parents of 5–12-year- 
old children from 12 
primary schools 

packed in children’s 
lunchboxes 

packed in school 
children’s 
lunchboxes. 
Feasibility; 
acceptability. 

Trost, 2021 (Trost 
and Brookes, 
2021) Australia 

Moovisity TM RCT Parent-preschool-aged 
child dyads 

N = 34 dyads 8 weeks Fundamental Movement 
Skills proficiency 

Child’s PA and 
parental support for 
PA 

Wingo, 2020 ( 
Wingo et al., 
2020) USA 

POWERS RCT Parent-child with 
mobility disability 
(6–17 years old) dyads 

N = 65 dyads 12 weeks Adherence and study 
completion 

Diet and exercise 
behavior 

Non-randomized studies 
Author, year and 

country 
Study or app 
name 

Study design Subjects’ 
characteristics 

Sample size Follow- 
up 

Primary Outcome Secondary 
Outcomes 

De Lepeleere, 2017 
(De Lepeleere 
et al., 2017) 
Belgium 

Movie Models A quasi- 
experimental 
study 

Parents of primary 
schoolchildren (6–12 
years old) 

N = 207 parents 1 and 4 
months 

PA; screen time; diet Specific parenting 
practices and parental 
self-efficacy 

Shen, 2020 (Shen 
et al., 2020) 
China 

Measure Your 
Nutritional Status 

Non- 
randomized 
parallel-group 
controlled trial 

Parents of 13-year-old 
students 

N = 573 parents 3 months Students’ accurate 
perception of their own 
nutritional status, 
accurate parental 
perception of their 
children’s nutritional 
status. 

BMI, BMI Z-score, and 
percentage of 
students in the 
contemplation or 
action stage 

Vilchis-Gil, 2021 ( 
Vilchis-Gil et al., 
2021) Mexico 

Alimentate y 
Activate 
Sanamente 

Non- 
randomized 
controlled study 

Parents with their 
children in 4 primary 
schools (and teachers) 

N = 402 children 
and their parents 

6 and 12 
months 

Quantity and quality of 
foods and beverages in 
the school meals  

RCT: randomized controlled trial; BMI: body mass index; PA: physical activity. 
a the number of single preparations cooks made using broccoli, green beans, cauliflower, or zucchini. 
b frequency of use of a wide assortment of vegetables. 
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Shen (Shen et al., 2020) presented a parallel-group controlled trial 
with a non-randomized design. Schools were allocated to the interven
tion or control group based on practical considerations, trying to balance 
the distribution of potential confounders between the two groups. The 
trained staff conducted baseline and follow-up measurements by using 
identical protocols and procedures. At the 3-month follow-up the attri
tion rate was only 5.2 %. 

In the non-randomized study by Vilchil-Gil (Vilchis-Gil et al., 2021), 
anthropometric and dietary habit measurements were standardized. The 
children were required to open their lunchboxes so that two certified 
nutritionists could write down what foods and beverages there were 
inside. At the end of the study, dropout was 13.4 % and 15.9 % in the 
intervention and control group, respectively. 

The outcomes of EIP study (Perdew et al., 2021) were collected by 
research assistants. Children’s physical activity was measured using a 
validated questionnaire. The children who dropped out of the program 

did so during the first 3 weeks (2 children dropped out after 4 weeks). 

4.4.2. Effect on anthropometric outcomes 
Only 9 studies reported the effect of the intervention on children’s 

anthropometric measures (BMI or BMI z-score or FMI or waist circum
ference) (Chai et al., 2019; Perdew et al., 2021; Tripicchio et al., 2017; 
Nyström et al., 2017; Delisle Nyström et al., 2018; Johansson et al., 
2020; Nezami et al., 2018; Shen et al., 2020; Wald et al., 2018; Ham
mersley et al., 2019), including all the interventions specifically tar
geting overweight and/or obese children (Johansson et al., 2020; Wald 
et al., 2018; Hammersley et al., 2019; Chai et al., 2019; Perdew et al., 
2021; Tripicchio et al., 2017). Outcome reporting was heterogeneous. 
Any quantitative synthesis of the results was hampered by the absence of 
uniform measure reporting (Fig. 4A) and by the differences in inter
vention characteristics. 

Two studies reported only small differences between groups in the 

Fig. 2. Schematic description of the interventions. The following are highlighted: mHealth and the other components, the main target subjects, and the target 
behaviors. Note: * All interventions are aimed at reducing childhood overweight and obesity but the agents of change may be different. We indicate the agent of 
change as the “main target” of the intervention. 
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improvement of BMI z-score. One study targeting overweight children 
reported mean z-score reductions that were not significantly different 
between the control and intervention groups (Wald et al., 2018). The 
other, targeting obese children showed significantly better results in the 
intervention group compared to the control group: 6-month mean 
change in BMI z-score intervention − 0.23 (95 %CI − 0.33, − 0.13) vs 
standard care 0.01 (95 %CI − 0.1, 0.11)(p = 0.002) (Johansson et al., 
2020). The other studies found no substantial effect on BMI (Shen et al., 
2020; Hammersley et al., 2019; Chai et al., 2019), BMI z-score (Nezami 
et al., 2018; Shen et al., 2020; Chai et al., 2019; Perdew et al., 2021; 
Tripicchio et al., 2017), waist circumference (Chai et al., 2019), or fat 
mass index (Nyström et al., 2017; Delisle Nyström et al., 2018) (Fig. 4A). 

4.4.3. Effect on behaviors 
Physical activity was evaluated using different questions regarding 

the amount of moderate-to-vigorous activity, the child’s physical ac
tivity level score, sedentary time per day in minutes, and the use of 
different instruments, such as a smartwatch (Johansson et al., 2020), 
accelerometer (Hammersley et al., 2019), or pedometer (Jake-Schoff
man et al., 2018; Tripicchio et al., 2017). Only one study reported the 
number of steps through a pedometer (Jake-Schoffman et al., 2018). A 
quantitative synthesis was not possible. Nevertheless, no effect was 
observed in any of the studies, except for the EIP program (Perdew et al., 
2021), targeting overweight children. The EIP program showed a 
significantly greater increase in moderate-to-vigorous physical activity 
(MVPA) levels in the intervention group than in the control group after 
10 weeks from baseline: mean difference minutes/day of 0.75 vs − 0.74, 
p = 0.001. Sedentary time in the MINISTOP study (Nyström et al., 2017; 
Delisle Nyström et al., 2018) increased more in the intervention group 
than in the control group, when measured as minutes-per-day. 
Conversely, when the sedentary time was measured as percentage of 
wear time, it decreased in the two groups. All the differences were not 
statistically significant. Time2bHealthy study only measured the per
centage of sedentary time (Hammersley et al., 2019) at the 3- and 6- 
month follow-up and found a non-significant difference in favor of 
control at 6 months. Moderate-to-vigorous physical activity tended to 
increase in all the studies in both the intervention and control groups 
except in the POWERS study (Wingo et al., 2020), where physical ac
tivity, as reported by parents, increased strongly in the control group 
(Fig. 4B). 

Dietary habits were also measured differently. Three studies target
ing overweight/obese children or children at risk of overweight reported 
changes in dietary habits (Hammersley et al., 2019; Chai et al., 2019; 
Perdew et al., 2021). In the Chai study (Chai et al., 2019), children’s 
dietary intake improved in the intervention group in terms of a reduced 
percentage of energy from energy-dense nutrient-poor food and of an 
increased percentage of energy from nutrient-rich core foods, but 

differences were not significant. Hammersley (Hammersley et al., 2019) 
detected a significant change in frequency of intake of takeaway fast 
food measured with a discretionary food frequency score: estimate 
− 1.36, (95 %CI − 2.27, − 0.45), p = 0.004. 

Eleven studies targeting children regardless of their BMI reported 
changes in dietary habits (Nezami et al., 2018; Sutherland et al., 2019; 
Wingo et al., 2020; Nyström et al., 2017; Delisle Nyström et al., 2018; De 
Lepeleere et al., 2017; Vilchis-Gil et al., 2021; Røed et al., 2021; Bakırcı- 
Taylor et al., 2019; Clarke et al., 2019; Jake-Schoffman et al., 2018; 
Pearson et al., 2020). 

In the MINISTOP study (Nyström et al., 2017; Delisle Nyström et al., 
2018), a statistically non-significant decrease in the consumption of 
sugar-sweetened beverages (SSB) was observed both at 6 months and 12 
months. Nezami (Nezami et al., 2018) observed a reduction in SSB and/ 
or juice consumption in the intervention group at both the 3- and 6- 
month follow-ups. At 3 months the reduction was 297 ml/die in the 
intervention group vs 81 ml/die in the control (p < 0.01), similar to the 
reduction measured at 6 months (291 ml/die vs 51 ml/die, p < 0.01). 

Statistically non-significant changes in the consumption of fruits 
were observed in Wingo study (Wingo et al., 2020) (decrease in the 
intervention group) and by Nyström et al. (Nyström et al., 2017; Delisle 
Nyström et al., 2018) (increase in the intervention group in both follow- 
ups). 

In the Røed study (Røed et al., 2021) at follow-up 1, a significantly 
higher increase of 0.46 (95 %CI 0.06, 0.86) times/day in the frequency 
of vegetable intake was observed in the intervention group compared to 
the control group. The Jump2Health intervention (Bakırcı-Taylor et al., 
2019) showed improvements in skin carotenoids levels measured by the 
Veggie Meter, but food photos did not detect any dietary changes. The 
target-veggie prep score (the number of single preparations made at 
home using broccoli, green beans, cauliflower, or zucchini) calculated 
by Clarke (Clarke et al., 2019) was 38 % higher in the intervention group 
compared to the control group (4.17 vs 3.03; p = 0.03). In the MINISTOP 
study (Nyström et al., 2017; Delisle Nyström et al., 2018), a decrease in 
the consumption of vegetables was observed at 6 months, while an in
crease was observed at 12 months; an opposite direction of effects was 
observed in the consumption of high-caloric foods, results are not sta
tistically significant. 

Sutherland (Sutherland et al., 2019) detected no significant differ
ences between the intervention and control group in mean energy of 
foods packed within lunchboxes but a significantly higher increase in 
mean total lunchbox energy from recommended foods in the interven
tion group compared to the control group (79.21 kJ, 95 %CI 1.99, 
156.43; p = 0.04). 

Finally, a few studies (De Lepeleere et al., 2017; Vilchis-Gil et al., 
2021; Jake-Schoffman et al., 2018; Pearson et al., 2020; Perdew et al., 
2021) found no substantial difference in dietary habits between the 

Fig. 3. Risk of bias summary: review authors’ judgements on each risk of bias item for each included RCT.  
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intervention and control groups (Fig. 4C). 

5. Usability, Acceptability, Feasibility, and transferability 

All the studies conducted an evaluation of the usability, accept
ability, and the feasibility of the intervention; in 3 (Johansson et al., 
2020; Wald et al., 2018; Bakırcı-Taylor et al., 2019), this was the pri
mary objective. Transferability was also addressed (Fig. 5, Table A4). 
The terms usability, acceptability, feasibility, and transferability were 
not always used consistently; we analyzed them by referring to the 
definitions shown in Fig. 5 (Wang et al., 2006). 

Concerning the usability and acceptability of the mHealth inter
vention as treatment, most of the studies showed positive results and 
received satisfactory feedback. Adherence in SMART Moms study 
(Nezami et al., 2018) was high, with mothers completing an average of 
81 % of the intervention contacts. Users of the VeggieBook app (Clarke 
et al., 2019) were trained to use the app; their use of the app seemed 
increasingly confident. Bakirci-Taylor (Bakırcı-Taylor et al., 2019) 
observed good engagement, enough to achieve the desired outcome 
despite the fact that participants did not accept the mobile website as 
readily as they did the Facebook page. This may have been due to its 
password-protection, a characteristic that made the website less user- 

Fig. 4. Anthropometric (A), physical activities (B), and dietary habit (C) outcomes considered in the included studies. Note: Arrows indicate the strength and the 
direction of the association and the authors’ interpretations of their results. Green arrows indicate positive changes, red arrows indicate negative changes. Dashed- 
line arrows indicate a result that is not statistically significant. *No statistical test performed. ** Data derived from the text. 
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friendly. The high participation rate and study compliance, with 
consistent usage and low dropout rate (8 %), show that parents were 
very positive about the MINISTOP app, (Nyström et al., 2017; Delisle 
Nyström et al., 2018), although some technical skill may be necessary to 
use it. In the POWERS study (Wingo et al., 2020), the website was 
deemed user-friendly and easy to navigate. However, the qualitative 
research indicated that, while the parents had less desire to interact with 
the platform, the child engaged more readily (parents valued phone calls 
more than the e-health platform). In the Tripicchio study (Tripicchio 
et al., 2017), families were guided on how to use the tablets, and a final 
high acceptability was observed notwithstanding some barriers related 
to internet connection, the log-in procedure, and technical issues with 
cameras. De Lepeleere (De Lepeleere et al., 2017) observed a high 
dropout rate, despite a high proportion of parents watching the videos 
on the website. In the Johansonn study (Johansson et al., 2020), both 
parents and clinicians had a positive experience and found the support 
system accessible. Similarly, high participation and/or completion rates 
were observed in other interventions including school-based face-to-face 
interventions (Shen et al., 2020; Pearson et al., 2020; Trost and Brookes, 
2021). Other interventions had difficulties achieving high participation 
or completion rates, despite the fact that the participants usually 
declared high satisfaction (Wald et al., 2018; Vilchis-Gil et al., 2021; 
Røed et al., 2021; Perdew et al., 2021); major issues in participation 
were observed when recruitment was only via web (Wald et al., 2018; 
Røed et al., 2021). 

Feasibility and transferability are more complex to evaluate, and 
their evaluation may be hampered by different obstacles. In the Nezami 
(Nezami et al., 2018), Bakirci-Taylor (Bakırcı-Taylor et al., 2019) and 

Pearson (Pearson et al., 2020) studies, the sample included high-income, 
highly educated, mostly White families, making it difficult to draw 
conclusions on transferability. Similar concerns on generalizability were 
also reported in Nystrom (Nyström et al., 2017; Delisle Nyström et al., 
2018), Johansson (Johansson et al., 2020) and De Lepeleere (De Lep
eleere et al., 2017). 

In 2 studies (Johansson et al., 2020; Clarke et al., 2019), the in
vestigators provided a mobile phone, thereby leaving doubt about the 
willingness/ability to download the app or about the sustainability of 
the intervention. The same concerns emerged in the Tripicchio study as 
well (Tripicchio et al., 2017). Other concerns on technical issues 
regarding internet connection and app bugs, which could hamper the 
feasibility of the intervention, were reported in three studies (Johansson 
et al., 2020; De Lepeleere et al., 2017; Tripicchio et al., 2017). The 
POWERS web-based telecoaching system (Wingo et al., 2020) was 
developed specifically for families with children with physical disabil
ities, but the authors concluded that it might also be used for children 
with other conditions, including cancer, mental health disorders, sub
stance abuse, and chronic kidney disease. 

In the 2019 Chai study (Chai et al., 2019), acceptability and feasi
bility were both measured through recruitment, retention, and inter
vention utilization, which were high (Chai et al., 2021). Hammersley 
(Hammersley et al., 2019), Jake-Shoffman (Jake-Schoffman et al., 
2018), and Sutherland (Sutherland et al., 2019) observed good accept
ability and feasibility and argued for a possible transferability of the 
intervention. 

Fig. 5. Usability, acceptability, applicability, and transferability of interventions in evidence-based public health schemes (adapted by Wang 2006 (Wang et al., 
2006) and their measurability for apps and tools in obesity prevention. The four domains can be considered as subsequent steps in the evaluation, although they can 
be assessed simultaneously. Once assessed the exportability and eventually adapted the intervention to another context, the evaluation in the new context can 
start again. 
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6. Discussion 

6.1. Main results 

We included 20 papers evaluating 19 different interventions. Despite 
the fact that they were constructed on similar theoretical frameworks, 
the interventions had no common features or components. Therefore, 
our synthesis is only narrative. 

Only 1 study reported a significant decrease (Johansson et al., 2020) 
and one a suggestive decrease (Wald et al., 2018) in the BMI z-score of 
obese and overweight children, while all the other studies observed no 
effect on anthropometric measures. Concerning physical activity and 
sedentary behaviors, results indicated mostly no effect (Nyström et al., 
2017; Delisle Nyström et al., 2018), with only 1 study reporting a sig
nificant increase in moderate-to-vigorous physical activity (Perdew 
et al., 2021). Positive effects were appreciable in mostly dietary be
haviors, where 6 interventions (Nezami et al., 2018; Hammersley et al., 
2019; Røed et al., 2021; Bakırcı-Taylor et al., 2019; Clarke et al., 2019; 
Sutherland et al., 2019) proved to be effective in changing specific as
pects of dietary behaviors. Of these, 3 also had an impact on the general 
diet score (Hammersley et al., 2019; Clarke et al., 2019; Sutherland 
et al., 2019). Apparently, these interventions did not share any char
acteristics, with some apps that were not included in prevention pro
grams, and multicomponent interventions; neither the studies had 
similar methodological characteristics or risk of bias. We can only note 
that the interventions targeting overweight and/or obese children ob
tained the most positive results, in particular in the anthropometric 
measurements. 

Few studies (Nyström et al., 2017; Delisle Nyström et al., 2018; Wald 
et al., 2018; Vilchis-Gil et al., 2021; Røed et al., 2021) followed up the 
users for more than 6 months; they found that the effects of the in
terventions rapidly faded. This finding was common to other obesity and 
overweight control/prevention interventions, which also observed that 
improvements in BMI or in behaviors did not last beyond one or more 
years. (Styne et al., 2017; Jones et al., 2011). 

It is worth noting that health promotion interventions may have a 
negative impact on behaviors. In fact, the stages-of-change model sug
gests, and empirical data confirm, that administering interventions 
aimed at changing behaviors to subjects that are in the “pre-contem
plation” stage may have a negative impact (Diclemente JOP and CC et., 
2005). It is possible that parents in that stage perceive some of the app 
functions as intrusive. Furthermore, some authors (Bakermans-Kranen
burg, 2003) have suggested that very intensive approaches may be less 
effective than less intensive interventions. 

In general, all the interventions proved to be usable and acceptable, 
while feasibility and transferability were more difficult to evaluate, 
particularly due to the selected populations and the very specific 
settings. 

We excluded interventions aimed directly at children (Dute et al., 
2016). Therefore, the theoretical model in the included interventions 
foresaw two sequential changes: it had to favor a change in parental 
function, which would then theoretically affect change in the child’s 
behavior (Abraham and Michie, 2008). Perhaps this is one of the reasons 
why these interventions struggled to function effectively: from the 
theoretical approach to the results, they had to intervene not only on 
mediators of change but also on some environmental aspects. Even if 
most guidelines recommend developing multitarget, multi-setting in
terventions, most of the included interventions concentrated on one 
setting, and the mobile health component was often central; no inter
vention included actions for societal and contextual change. This limi
tation may also be the consequence of adopting the RCT design to 
evaluate the interventions. In fact, randomized trials with individual 
level randomization to evaluate interventions targeting both the indi
vidual and the context are challenging, and cluster randomization 
should be adopted. However, cluster randomized trials are difficult to 
conduct as they require a large sample size, particularly when the 

intervention is implemented simultaneously in large communities, such 
as schools or neighborhoods. This could explain why only 3 studies in 
our review were cluster RCTs (Clarke et al., 2019; Pearson et al., 2020; 
Sutherland et al., 2019). We also found 5 non-randomized studies (Shen 
et al., 2020; De Lepeleere et al., 2017; Vilchis-Gil et al., 2021; Perdew 
et al., 2021; Tripicchio et al., 2017). Studies were designed to increase 
the comparability of the intervention and control groups, and an accu
rate reporting of possible biases was present. 

6.2. Limitations 

As we included only mobile health tools to be installed on parents’ 
devices, many interesting interventions that have recently appeared in 
the literature were excluded. This choice was made a priori, as this re
view was conducted as the background work for developing an app 
targeting children in the age group 0–13 years. Any intervention tar
geting this age group which might increase the child’s screen time would 
have a direct negative effect on behaviors and probably on health as 
well. 

Moreover, many interesting interventions are still in a prototypal 
phase and have not yet reached clinical evaluation. As mobile health 
technology is rapidly evolving, the interventions reported here may 
provide an already outdated picture of current opportunities. This lim
itation must be considered when looking at Fig. 2, which cannot be 
considered as the exhaustive result of a scoping review. 

The language limit in the search of literature in this field may be 
particularly relevant; in fact, the interventions are often language-based, 
thus leading to favoring publication of scientific reports in the in
vestigators’ native country and language. 

6.3. Implication for research and practice 

We found that the apps for preventing and treating childhood and 
adolescent obesity showed small or no effectiveness. Nevertheless, mo
bile health applications have the intrinsic potential to reach families, 
which makes developing them essential. 

Considering the universally accepted recommendation to develop 
interventions addressing different levels and settings, there is a need to 
construct complex interventions (Waters et al., 2011). Involving the 
community, including users and stakeholders, could improve the design 
of such interventions. Co-creation, including co-design, co-constriction, 
and co-evaluation, has been proposed to overcome problems in making 
these context-changing interventions acceptable and feasible, but the 
efficacy of these strategies need to be tested (Giorgi Rossi et al., 2020). 

Moreover, we need to explore sound study designs to evaluate 
complex interventions; we must acknowledge the limitations of indi
vidually randomized trials in this field and the difficulties in conducting 
cluster randomized trials when interventions are provided at the level of 
large communities and try to overcome the limitations of observational 
studies. Finally, to increase the comparability and generalizability of 
evidence generated by these studies, the complex interventions and their 
results should be described and shared adhering to existing standards of 
reporting (Eysenbach et., 2011). Comparable evidence is needed to 
enable a robust effectiveness assessment, and a detailed reporting of 
complex intervention will facilitate the dissemination of effective 
interventions. 

7. Conclusions 

The small sample size of individual studies and the impossibility of 
conducting meta-analyses due to the differences in the intervention 
characteristics prevent this systematic review from reaching a high level 
of certainty on the effectiveness of the interventions. Nevertheless, the 
overall picture shows a trend toward improvement in some in
terventions, while others were essentially ineffective. The high accept
ability and the importance of mobile phones in family life support 
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further research to develop effective, trustworthy apps. 
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