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ABSTRACT

Introduction Overweight in children is increasing worldwide.
Innovative smartphone health applications (mHealth apps) have
either sought to deliver single or multi-component interventions
for the management of overweight in children. However, the
clinical effects of these apps are poorly explored. The objective
of the review will be to compare the benefits and harms

of different categories of mHealth apps for intervention of
overweight in children.

Methods and analysis We will include randomised clinical
trials irrespective of publication type, year, status or language.
Children and adolescents between 0 to 18 years will be
referred to as children in the remaining part of the paper.
Children with all degrees of overweight included obesity

and morbidly obese in the remaining part of the paper will

be referred to as overweight. We plan to classify different

apps according to type of intervention, measurement device,
coaching and reward system. The following databases will be
used: Cochrane Library, Excerpta Medica database (Embase),
PsycINFO, PubMed, IEEE Explore and Web of Science, CINAHL
and LILACS. Primary outcomes will be body mass index z-
score, quality of life and serious adverse event. Secondary
outcomes will be body weight, self-efficacy, anxiety, depression
and adverse event not considered serious. Study inclusion,
data extraction and bias risk assessment will be conducted
independently by at least two authors. We will assess the risk
of bias through eight domains and control risks of random
errors with Trial Sequential Analysis. The quality of the

evidence will be assessed using Grading of Recommendations
Assessment, Development and Evaluation Tool (GRADE).

Ethics and dissemination As the protocol is for a systematic
reviews, we have not included any patient data and we do not
require ethical approval. This review will be published in a peer-
reviewed journal.

PROSPERO registration number CRD42019120266.

INTRODUCTION

The prevalence of overweight are increasing
worldwide among children irrespective of
socio-economic status.'™ By 2025 more than
260 million children aged 5 to 17 years may

," Rajeeb Rashid,? Christian Gluud,® Janus C Jakobsen,®*
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Strengths and limitations of this study

» This review aims to be the first systematic review to
compare the benefits and harms of different mobile
health applications interventions in children with
overweight following Cochrane guidelines.

» Acomprehensive search strategy will be used with a
large number of databases searched, and only ran-
domised controlled trials in children with overweight
will be included.

» The review will perform meta-analysis, Trial
Sequential Analysis and use the Grading of
Recommendations Assessment, Development and
Evaluation Tool.

» We expect high heterogeneity across studies
which may lead to challenges in performing a
meta-analysis.

» It is anticipated that many papers will not provide
sufficient details on all variables of interest and will
lead to reliance on communication with correspond-
ing authors for additional information.

be overweight, including 91 million obese
according to data from Global Burden of
Disease collaborative for 2000 and 2018.*° The
International Task Force of Obesity produced
age and gender specific cut-off for the defini-
tion of overweight and obesity in children.’
Throughout this paper we will use the term
overweight for all children with overweight
including all levels of obesity.

These trends of increasing overweight will
have long-term consequences on cardiovas-
cular disease, insulin resistance, type 2 diabetes
and cancer (endometrial, breast and colon),
resulting in a significant burden on health
services across the world.! Recently, there has
been an exponential growth in connected
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Figure 1 Overweight and obesity prevalence values based on WHO definition - COSI 2015 to 2017%.

devices such as smartphones and tablets, supporting the
development of new services. A plethora of software appli-
cations (apps) running on these devices are appearing
on the market (figure 1). Health apps thus represent a
huge area which potentially exploits the new paradigm
of mHealth—Mobile Health. This refers to medicine
and public health services supported by mobile devices.
mHealth apps are commonly used in disease surveillance,
treatment support and for educating children about
prevention. However, despite the potential opportunities of
mHealth, the main issue of these applications is the ability
to engage the users to keep them motivated using the app,
an aspect that is even more difficult if the users are young.

Children are ‘millennials’ and ‘natively digital’
hence mobile technologies are potentially relevant and
accessible tools for them, even in their health manage-
ment. In this paper, we combined these two elements
to analyse the mutual interrelationships between the
use of mobile systems to counteract overweight in chil-
dren. Recent Cochrane reviews highlighted the benefits
of multi-component interventions over single approach
programmes on treating children with overweight. The
authors, however, noted the paucity of good quality trials
on multi-component interventions.”

mHealth apps
Smartphones increase the possibility to interact with
people in a more personalised and tailored manner. They
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enable the building of platforms for adaptive interven-
tions with visually appealing and engaging multimedia
modalities which can be adjusted by the user based on
their preferences.'" mHealth apps have the ability to
support children to achieve and maintain a healthy and
sustainable lifestyle by supporting and strengthening
their self-regulatory capacities.'” ® They offer potential
advantages over traditional face-to-face methods for deliv-
ering health-related interventions."™” These include
cost-effective dissemination, real-time data collection
and feedback, lowered participant burden and flexible
programme tailoring.11

No reviews to date, to our best knowledge, have specif-
ically compared the efficacy of different categories of
apps for interventions in children with overweight. In
addition, while previous reviews have commented on
the significant risk of bias in many studies, there has not
been a consistency in including control of bias, the play of
chance and assessing the quality with GRADE (Grading of
Recommendations Assessment, Development and Evalua-
tion) assessment in these reviews.'®%

Nutrition and diet apps represent a popular area of
mHealth, offering the possibility of delivering behavioural
change interventions for healthy eating and weight
management in a scalable and cost-effective way. Use
of commercial apps for paediatric weight management
often fail to retain users because of a lack of theoretical
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background and evidence-based content. However,
mHealth apps that are more evidence-based are often
found less engaging and popular among consumers.*®
Approaching the apps development process from a multi-
disciplinary, expert and user-centred design perspective
is more likely to help overcome these limitations. They
may also provide easier adoption and integration of nutri-
tional education apps within primary and secondary care
interventions.* *’

Such a process has been transitioned into health game
apps where long-term use is dependent on providing
easy and continual gaming access on both smartphones
and tablets; offer games that can be personalised and are
adaptable based on the child’s interests; and maintain
novelty and interest in the treatment over time.”’ This
framework not only provides a benefit to the children
involved, but also provides user data to the coaches, clini-
cians and health researchers involved in the child’s treat-
ment regime.” In addition, while many apps tended to
focus either on nutrition or on physical activity, very few
apps managed to adhere to or deliver a comprehensive
overweight intervention for children due to a failure to
support a spectrum of important target behaviours.*

The role of health researchers is therefore to evaluate
the evidence base, efficacy and quality of different apps
to ascertain whether these apps may have a part to play
in the management of childhood overweight. In addi-
tion, assessment of the effect of the interventions have
not been evaluated taking risks of bias, risks of random
errors, type of control interventions, as well as the quality
of evidence into account.™

Objective

The objective of the review will be to compare the bene-
fits and harms of different categories of mHealth apps in
interventions for overweight in children.

METHODS AND ANALYSIS

This work consists in a protocol for systematic review with
meta-analysis and Trial Sequential Analysis with the aim
to compare different typology of mobile health applica-
tions for intervention in children and adolescent with
overweight. The paper is a continuation of the previous
work™ by the same authors in which the effectiveness of
the use of applications in the prevention of obesity was
studied. The methods section overlaps in part with our
previous publication and with other Cochrane protocols
and reviews, especially those following Cochrane meth-
odology and using Trial Sequential Analysis which have
common authors (C Gluud and J C Jakobsen).

Criteria for considering studies for this review

Types of studies

Randomised clinical trials irrespective of language, publi-
cation status, publication type or publication year up to
July 2020 will be included in the review. Eligible studies
which are not published in English will be translated using

Google translate. Authors will be contacted to check if an
English translation is available or to clarify any queries.

Types of participants

All children who are overweight (including all levels of
obesity) up to 18 years of age (as defined earlier). Chil-
dren with associated comorbidities, either physical or
psychological secondary to overweight and obesity will
be included. Children with causes of overweight due to
medication such as steroids, or genetic disorders which
are associated with overweight will be excluded.

Types of intervention

Any type of mHealth intervention using apps. There is no
restriction as to how the app delivers the intervention or
intervention duration or the type of electronic platform
(smartphones, tablets and so on).

Types of outcomes

We will assess at baseline and then all outcomes at two

further time points:

» End of intervention: as defined by trialist (primary
time point of interest).

» Maximum follow-up.

Primary outcomes

» BMI z-score.

» Quality of life: as measured by any scale that has been
validated for use in the target population.™

» Proportion of participants with at least one serious
adverse event.”

Secondary outcomes

» Body weight measured in kg.

» Self-efficacy: as measured by a scale validated for use
in children.

» Anxiety.

» Depression.

» Proportion of participants with at least one adverse
event not considered serious.

Exploratory outcomes

» Body fat measured by bioimpedance or dual energy
x-ray absorptiometry(DEXA), there having been good
correlation between total body fat % by bioimpedance
or DEXA (r=0.87, p<0.001).%"

» Muscle mass (kg) via bioimpedance or DEXA.*” *

» Individual serious and non-serious adverse events.

Primary classification of mHealth apps
mHealth app interventions in overweight children cover
a variety of typologies and related strategies. We have
subsequently provided a systematic categorisation of these
approaches for the systematic review. While appreciating
that there will be some overlap in the app characteristics,
the categorisation aims to identify the primary purpose or
key component of the app in the intervention.

mHealth apps for overweight interventions usually
target three different strategies—dietary change, increase
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in physical activity and behavioural change.” Apps are
mainly targeted to monitor or motivate small improve-
ments such as steps per day, duration and intensity of
physical activity or counting calories for nutrition. Indeed,
behaviour or lifestyle (which also includes nutrition and
physical activity) integrates data and suggests activities to
the users in order to motivate them and try to change
their behaviour.

Based on these three strategies, the apps can be then
divided into different categories according to the main
characteristic which is listed below as main bullet points:
» Presence of devices

- Standalone mobile applications without connected
devices for data gathering.
- Mobile applications with devices (wearable devices,
smart scales and so on).
» Coach
- Mobile applications with a real human coach who
interacts with the users (phone calls or messages).
- Mobile applications with a virtual coach which pro-
vides suggestions to the users by means of gathered
data.
- Mobile application without a coach: this app only
gets data and shows them to the users.
» Intervention (only if app includes a coach)
- Mobile application with a standard reminder/sug-
gestion, like the standard calendar notification.
- Mobile application with an intelligent reminder/
suggestion based on acquired data and habits.
- Mobile application without a direct intervention.
» Reward
- Mobile application with an intangible reward (vir-
tual coins for in app purchase, emoji).
- Mobile application with a tangible reward (money
or discount coupons).*’
- Mobile application without a reward.

Further app categories can be described based on the
connection of the application and how users can down-
load it.

» Cloud and social connectivity.

» Mobile application connected with the cloud to store
and process data.

» Standalone application without a connection.

Online supplemental table 1 shows this app classifica-
tion with some examples and scientific papers related to
them.

Search methods for identification of studies

Electronic searches

We will search the following databases:

Cochrane Library.

MEDLINE.

Excerpta Medica database (Embase).

PsycINFO.

IEEE Explore.

Web of Science (SCI-EXPANDED, SSCI, A&HCI,
CPCI-S, CPCI-SSH, ESCI, CCR-EXPANDED, IC).
CINAHL.

VVyVYVYVYY

v

» LILACS.

Searching other resources

» ClinicalTrials.gov (http://www.clinicaltrials.gov/)

» Google Scholar (https://scholar.google.com/)

» European Medicine Agency (http:// www.ema.
europa.eu/ema/)

» United States Food and Drug Administration (www.
fda.gov)

» Medicines and Healthcare Products Regulatory
Agency (https://www.gov.uk/government/organisa-
tions/medicines-and-healthcare-products-regulatory-
agency)

» The WHO (www.who.int/)

» Global Obesity Forum (previously International Asso-
ciation for the study of Obesity) (www.iaso.org)

» European Association for the study of Obesity (EASO)
(https://easo.org/)

» ICTRP Search Portal used in the search strategy

Keywords used in the search strategy

Obesity

Overweight

Smartphone apps

Health apps

mHealth app

Body mass index

Weight gain

Weight loss

Hyperphagia

Randomised controlled trial
Preliminary search strategy for MEDLINE is enclosed as
online supplemental additional file 2.

VVVYVYVVYVYVYYVYYVYY

Data collection and analysis

Selection of studies

The review will follow the recommendations in the
Cochrane Handbook for Systematic Reviews of Interven-
tions and according to Keus et al and Jakobsen et al.*' **
The analyses will be performed using Review Manager™
and Trial Sequential Analysis programme.

Two authors (RR and PP) will independently screen
titles and abstracts. They will retrieve all relevant full-
text study/publication after which two authors will inde-
pendently screen the full text in order to identify and
record reasons for exclusion of the ineligible studies. We
will resolve any disagreement through discussion. Trial
selection will be displayed in an adapted flow diagram as
per the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement. Online supple-
mental additional file 3 reports the PRISMA checKlist.

Data extraction and management

Data extraction will be performed independently by at
least two authors, who will both compare the extracted
data. Disagreements will be resolved by a third author.
We will assess duplicate publications and companion
papers of a trial together to evaluate all available data
simultaneously (maximise data extraction and correct
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bias assessment). Trial authors will be contacted by email
to request any additional data which may not have been
reported sufficiently or at all in the publication. Review
Manager software will be used to extract data.

Assessment of risk of bias in included studies
The risk of bias of every included trial will be evaluated
independently by at least two authors. In case of any
disagreement, discrepancies will be discussed with a third
author and resolved by consensus. The risk of bias will
be assessed using the Cochrane’s ‘Risk of bias’ assessment
tool” ** and the Cochrane Effective Practice and Organ-
isation of Care Group’s guidance."® We will evaluate the
methodology in respect of:

Random sequence generation.

Allocation concealment.

Blinding of participants and treatment providers.

Blinding of outcome assessment.

Incomplete outcome data.

Selective outcome reporting.

For profit bias.

Overall risk of bias.
Classification of the trials will follow criteria defined in
online supplemental file 4.

VVVVYVYYVYYVYY

Meta-analysis

Both end-scores and change-from-baseline scores will be
used to analyse continuous outcomes. If both end-scores
and change-from-baseline scores are reported then only
end-scores will be used. If only changefrom-baseline
scores are reported, these results together with end-scores
will be analysed in the same meta-analyses.” Exploratory
outcomes will be analysed using change-from-baseline
scores.

Data will be meta-analysed by RevMan 5 statistical soft-
ware. We will use Stata statistical software (Stata 2015)
in case of zero event trials, where RevMan 5 zero event
handling is insufficient.”” ** We will report effect estimate
using mean difference with 95% Cls.

Intervention effects will be assessed by both random-
effects model meta-analyses and fixed-effect model meta-
analyses,27 #49 using the more conservative point estimate
of the two. Three primary outcomes will be examined
with p<0.025 being statistically significant. An eight-step
procedure will be used to assess if the thresholds for
significance are crossed. Five secondary outcomes will be
examined with p<0.017 being statistically significant.”
The results of the exploratory outcomes will be consid-
ered hypothesis generating only.

Analysis of all included studies will be compared with
a sensitivity analysis of studies at low risk of bias. If the
results are similar, primary conclusions will be based at
the time point closest to 12 months on the overall anal-
ysis. If the results differ, primary conclusions will be based
on studies with a low risk of bias.

A table describing the types of serious adverse events in
each trial will be provided.

Trial sequential analysis

Traditional meta-analysis runs the risk of random errors
due to sparse data and repetitive testing of accumulating
data when updating reviews. Trial Sequential Analysis will
thus be used to analyse the outcomes in order to calcu-
late the required information size and control the risks of
type I errors and type 11 errors. 207

For continuous outcomes, Trial Sequential Analysis will
use the observed SD, a mean difference of the observed
SD/2,an alpha of 2.5% for the three primary outcomes, an
alpha of 1.67% for the five secondary outcomes and a beta
of 10%, with adjustment for observed diversity.””*' Mean
differences (MDs) and the standardised mean difference
will be expressed with 95% Cls for continuous outcomes,
as well as the Trial Sequential Analysis adjusted Cls for
MDs. We intend to use the proportion in the control
group and the diversity estimated in the meta-analysis to
provide reliable results.

For dichotomous outcomes, Trial Sequential Analysis
will use the proportion of participants with an outcome
in the control group, a relative risk reduction of 20%, an
alpha of 2.5% for primary outcomes, an alpha of 1.67%
for secondary outcomes and a beta of 10%, with adjust-
ment for observed diversity. We will calculate risk ratios
with 95% CI for dichotomous outcomes, as well as Trial
Sequential Analysis adjusted Cls.

Subgroup analyses

Subgroup analysis when analysing the primary outcomes

will be performed as follows:

» Trials at high risk of bias trials compared to trials at
low risk of bias trials.

» Trials  stratified
interventions.

» Trials stratified according to weight status: overweight,
obese or morbidly obese at the entry into the trial.’

» Trial stratified according to the control interventions.

» Complexity: trials with participants with no comorbid-
ities compared to trials with participants pre-existing
comorbidities.

» Trials in which the experimental intervention was
evaluated by either the parents or the child after the
treatment sessions had been delivered compared to
trials in which the experimental intervention was not
evaluated by either the parents or the child after the
treatment sessions had been delivered.

We will use the formal test for subgroup interactions in

Review Manager.*’

according to  experimental

Sensitivity analysis

To assess the potential impact of the missing data for

dichotomous outcomes, we will perform the following

sensitivity analyses:

» ‘Best-worst-case’ scenario: we will assume that all
participants lost to follow-up in the experimental
group had no serious adverse events, including not
developing any psychiatric disease such as an eating
disorder.
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» ‘Worst-best-case’ scenario: all dropouts/participants
lost from the experimental group, but none from the
control group experienced the outcome, including all
randomised participants in the denominator.

Statistical heterogeneity will be assessed by visual inspec-
tion of the forest plots and I? statistic values.* Underlying
reasons behind statistical heterogeneity in meta-analyses
will be investigated by assessing trial characteristics.

Summary of findings table

A summary of findings table using each of the prespec-
ified primary and secondary outcomes will be reported
using the GRADE considerations for studies which
contribute data to the meta-analyses for the prespeci-
fied outcomes.” *' °*% Methods and recommendations
described in Chapter 8 (Section 8.5) and Chapter 12 of
the Cochrane Handbook for Systematic Reviews of Interven-
tions™ will be followed using GRADEpro software.

DISCUSSION

The objective of the review will be to compare the bene-
fits and harms of different categories of mHealth apps for
intervention of overweight in children. Currently, there
are no systematic reviews which specifically compare the
effects of different typology of mHealth apps to interven-
tions in children with overweight. Previous systematic
reviews in children have considered the efficacy of mobile
health technologies more broadly in the role of weight
management,” but none have provided comprehensive
coverage of the benefits and harms of mHealth apps nor
an in-depth study of the different types of apps. Hence,
this evidence will hopefully help children and adoles-
cents, their parents and health professionals to make
informed treatment decisions. This review will also high-
light any gaps in the evidence base of such interventions
and in app structure which will help to shape the develop-
ment and optimisation of future potential interventions
and apps.
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