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Summary
Background Good physical and mental health are essential for healthy ageing. Holistic mobile health (mHealth)
interventions—including at least three components: physical activity, diet, and mental health—could support both
physical and mental health and be scaled to the population level. This review aims to describe the characteristics of
holistic mHealth interventions and their effects on related behavioural and health outcomes among adults from the
general population.

Methods In this systematic review and meta-analysis, we searched MEDLINE, Embase, Cochrane Central Register of
Controlled Trials, PsycINFO, Scopus, China National Knowledge Infrastructure, and Google Scholar (first 200
records). The initial search covered January 1, 2011, to April 13, 2022, and an updated search extended from April
13, 2022 to August 30, 2023. Randomised controlled trials (RCTs) and non-randomised studies of interventions
(NRSIs) were included if they (i) were delivered via mHealth technologies, (ii) included content on physical
activity, diet, and mental health, and (iii) targeted adults (≥18 years old) from the general population or those at
risk of non-communicable diseases (NCDs) or mental disorders. Studies were excluded if they targeted pregnant
women (due to distinct physiological responses), individuals with pre-existing NCDs or mental disorders (to
emphasise prevention), or primarily utilised web, email, or structured phone support (to focus on mobile
technologies without exclusive human support). Data (summary data from published reports) extraction and risk-
of-bias assessment were completed by two reviewers using a standard template and Cochrane risk-of-bias tools,
respectively. Narrative syntheses were conducted for all studies, and random-effects models were used in the
meta-analyses to estimate the pooled effect of interventions for outcomes with comparable data in the RCTs. The
study was registered in PROSPERO, CRD42022315166.

Findings After screening 5488 identified records, 34 studies (25 RCTs and 9 pre-post NRSIs) reported in 43 articles
with 5691 participants (mean age 39 years, SD 12.5) were included. Most (91.2%, n = 31/34) were conducted in high-
income countries. The median intervention duration was 3 months, and only 23.5% (n = 8/34) of studies reported
follow-up data. Mobile applications, short-message services, and mobile device-compatible websites were the most
common mHealth delivery modes; 47.1% (n = 16/34) studies used multiple mHealth delivery modes. Of 15
studies reporting on weight change, 9 showed significant reductions (6 targeted on individuals with overweight or
obesity), and in 10 studies reporting perceived stress levels, 4 found significant reductions (all targeted on general
adults). In the meta-analysis, holistic mHealth interventions were associated with significant weight loss (9 RCTs;
mean difference −1.70 kg, 95% CI −2.45 to −0.95; I2 = 89.00%) and a significant reduction in perceived stress
levels (6 RCTs; standardised mean difference [SMD] −0.32; 95% CI −0.52 to −0.12; I2 = 14.52%). There were no
significant intervention effects on self-reported moderate-to-vigorous physical activity (5 RCTs; SMD 0.21; 95%
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CI −0.25 to 0.67; I2 = 74.28%) or diet quality scores (5 RCTs; SMD 0.21; 95%CI −0.47 to 0.65; I2 = 62.27%). All NRSIs
were labelled as having a serious risk of bias overall; 56% (n = 14/25) of RCTs were classified as having some
concerns, and the others as having a high risk of bias.

Interpretation Findings from identified studies suggest that holistic mHealth interventions may aid reductions in
weight and in perceived stress levels, with small to medium effect sizes. The observed effects on diet quality scores
and self-reported moderate-to-vigorous physical activity were less clear and require more research. High-quality RCTs
with longer follow-up durations are needed to provide more robust evidence. To promote population health, future
research should focus on vulnerable populations and those in middle- and low-income countries. Optimal
combinations of delivery modes and components to improve efficacy and sustain long-term effects should also be
explored.
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Research in context

Evidence before this study
We searched PubMed and PROSPERO up until March 2022 to
identify existing systematic reviews and meta-analyses on
holistic mHealth interventions (including components
targeting physical activity, diet, and mental health) among
adults from the general population. We identified several
reviews of mHealth interventions for health behaviour
changes and mental health. Most targeted individual
behaviours or outcomes, or combined physical activity and
diet, without addressing aspects of mental health. We
identified two reviews focused on holistic mHealth
interventions: one involved a holistic Diabetes Prevention
Programme delivered via e-health, primarily telehealth
consultations and digital video discs (DVDs); the other was a
scoping review that identified just four holistic mHealth
interventions delivered via mobile applications, of which two
were study protocols. Therefore, we conducted a systematic
review and meta-analysis to specifically address this research
gap.

Added value of this study
This is the first systematic review and meta-analysis to
provide a comprehensive overview of holistic mHealth
interventions and to evaluate the effectiveness of such
interventions on behavioural and health outcomes among
adults from the general population. We comprehensively

searched the scientific literature and reviewed studies
published between January 2011 and August 2023. Our
findings demonstrate a rapid growth in the available evidence
but also highlight that holistic mHealth interventions
primarily involved young and middle-aged participants, with
an average age of 40 years old from high-income countries.
Mobile applications, short-message services, and mobile
device-compatible websites were the top three mHealth
delivery modes. Evidence of intervention effectiveness was
found for weight loss and perceived stress reduction, with
small to medium effect sizes. The evidence for improvements
in self-reported moderate-to-vigorous physical activity and
diet quality scores was inconclusive. In general, the included
studies had low methodological quality and substantial
heterogeneity in intervention components.

Implications of all the available evidence
This systematic review and meta-analysis provides important
insights into the features and effectiveness of holistic
mHealth interventions for adults from the general population,
emphasising their potential to enhance physical and mental
health. Further work is warranted to strengthen the evidence
base in more diverse populations, identify optimal
intervention components and features for better efficacy and
scalability, and accumulate more high-quality evidence on the
long-term effects.
Introduction
Over the past three decades, the global average life ex-
pectancy has increased by almost nine years (from 63.6
years in 1990 to 72.8 years in 2019).1 However, not all of
these additional years are spent in good physical and
mental health. In fact, increased longevity can mean
more time spent with poor physical and mental health,
with associated significant costs to healthcare systems
and societies.2–4 Further amplifying the burden is the
interdependence of physical and mental health; in-
dividuals with non-communicable diseases (NCDs) are
at high risk of mental disorders, and vice versa.4–6
www.thelancet.com Vol 66 December, 2023
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Consequently, maintaining both physical and mental
health over time and into later stages of life, that is
“healthy ageing”, has become a primary objective of
public health initiatives.7,8

Promoting healthy ageing is a continuous and life-
long endeavour relevant to individuals across all age
groups, including younger and older adults.9 It requires
a shift from disease treatment to prevention and a focus
on holistic health, including body and mind.9 Adopting
healthy lifestyles, especially during early adulthood or
before reaching old age, can considerably benefit in-
dividuals by supporting the maintenance of a high and
stable level of functional capacity.9 Healthy lifestyle be-
haviours, such as physical activity (PA) and healthy
eating, are crucial for the prevention of diseases related
to both physical and mental health.3,9,10 Meanwhile,
neglecting mental health conditions while promoting
healthy lifestyle behaviours may impede these efforts.
For example, the presence of mental health conditions,
such as depression or anxiety, is associated with
engagement in unhealthy lifestyle behaviours (e.g.,
physical inactivity, poor dietary habits), which can, in
turn, increase the risk of developing NCDs and further
aggravate mental health conditions.5,11,12 A holistic
approach, adding mental health components, such as
stress management or mindfulness, to interventions
that target PA and diet, may have the potential to
address this intertwined challenge. Face-to-face in-
terventions that integrate components of PA, diet, and
mental health have been found to promote greater
weight reduction compared to interventions that only
target PA and diet.13,14 However, healthy ageing is a
lifelong process and affects the population as a whole,
making traditional face-to-face interventions challenging
to apply, especially in countries with limited access to
mental health and preventive care services.15–17

Mobile health (mHealth) offers possible solutions to
deliver interventions on population-wide scales using
mobile technologies such as smartphones, tablets, and
wearables.18 These potentially scalable intervention
technologies may enhance operational efficiency and
gain more insights into people’s day-to-day real-world
behaviours and health outcomes.15–17 Existing
population-level mHealth interventions, such as Singa-
pore’s National Step Challenge, Canada’s Carrot Re-
wards, or the internationally available Stepthalon, have
demonstrated the scalability of this approach.10,19–22

Further, for the past few years, the COVID-19
pandemic has not only disrupted and altered people’s
lifestyles by restricting their opportunities for PA and
altering dietary habits, but has also provoked negative
mental responses such as heightened symptoms of
depression and anxiety, making the implementation of
effective interventions more challenging.23 This high-
lights the timeliness of offering mHealth interventions.
Holistic interventions delivered by mobile technologies
have also shown potential to aid weight management,
www.thelancet.com Vol 66 December, 2023
encourage the adoption of healthy lifestyles, and
improve mental wellbeing, as seen in face-to-face
interventions.24–26

The idea of “holistic”—integrating mental health and
modifiable lifestyle factors—is relatively new.4 Despite
growing interest, there is no comprehensive and sys-
tematic synthesis of the evidence on the characteristics
and effectiveness of holistic mHealth interventions in
the literature. A systematic review of eHealth in-
terventions using the holistic Diabetes Prevention Pro-
gramme approach found significant weight loss among
individuals with prediabetes after the intervention.
However, the review included interventions that were
primarily delivered via telehealth consulting or digital
video discs (DVDs) and only focused on interventions
adopting a specific diabetes programme.27 Another
scoping review identified a small number of studies
(n = 4) that targeted PA, diet, and sleep: two were study
protocols, and one did not consider PA, diet, and sleep
as a holistic approach.28 The review focused exclusively
on sleep and did not consider any other aspects of
mental health. Additionally, it was limited to
smartphone-based interventions. Considering the rapid
growth of mHealth interventions and existing knowl-
edge gaps on holistic mHealth interventions, this review
aims to provide a comprehensive overview of the cur-
rent evidence for holistic mHealth interventions that
cover at least three components: PA, diet, and mental
health. The review will focus on describing the charac-
teristics of these interventions and assessing their
effects on related behavioural and health outcomes in
the general adult population.
Methods
Search strategy and selection criteria
This systematic review and meta-analysis is reported as
per the Preferred Reporting Items for Systematic Review
and Meta-analyses (PRISMA) guidelines.29 The protocol
was registered in PROSPERO (CRD42022315166), and
further details on the methodology are available here.30

We searched six electronic databases: MEDLINE (via
PubMed), Embase, PsycINFO (via Ovid), Scopus,
Cochrane Central Register of Controlled Trials (CEN-
TRAL), and China National Knowledge Infrastructure
(CNKI) between January 1, 2011, and August 30, 2023.
The initial search was conducted from January 1, 2021,
to April 13, 2022, with an updated search carried out
from April 13, 2022, to August 30, 2023. The decision to
limit the review to starting in 2011 was primarily
informed by the significant advancements in mobile
health technology that coincided with the widespread
adoption of smartphones and 4G connectivity. Accord-
ing to a report by the International Telecommunication
Union, by the end of 2010, there were approximately 5
billion mobile phone subscriptions globally, and about
90% of the world’s population had access to mobile
3
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networks.31,32 Moreover, the World Health Organization
(WHO) released a report in 2011 focusing on mHealth,
which helped establish the field as a legitimate avenue
for health intervention studies.18

The search strategy was based on the following
topics: 1) mHealth applications; 2) PA; 3) diet; and 4)
mental health. The full search strategy is published
elsewhere.30 In addition, we searched the first 200 re-
cords on Google Scholar and manually browsed the
reference lists of included studies and relevant reviews.

The selection criteria were guided by the population,
intervention, comparator group, outcome, and study
design (PICOS) framework. More details can be found
here.30 Briefly, we included randomised controlled trials
(RCTs) and non-randomised studies of interventions
(NRSIs) if they 1) recruited either adults aged 18 years
or older from the general population or those who were
at risk of developing NCDs or mental disorders; 2) had
content on PA, diet, and mental health in a single
intervention; and 3) were delivered mainly via mHealth
technologies (e.g., mobile applications (apps), short
message service (SMS), and wearables).

Data analysis
The identified records were uploaded to Covidence, a
systematic review software (www.covidence.com), where
duplicates were removed. Two reviewers independently
conducted title and abstract screening (SZ, CHG) and
full-text screening (SZ, SME). Discrepancies were
resolved through discussions and involving a third
reviewer (SME) during title and abstract screening.
Cohen’s Kappa (K), calculated by Covidence, was used to
assess consistency between reviewers. During title and
abstract screening, the K value was 0.60, and it
improved to 0.74 during full-text screening. Data from
the included studies were extracted by SZ and checked
by CHG. Behaviour change techniques were extracted
based on the Behaviour Change Technique Taxonomy
version 1 (BCTTv1), with two supplementary categories:
personalisation and gamification.33,34 Where applicable,
data extraction was supplemented with information
from the study protocol papers and/or trial registrations.

We summarised the characteristics of the included
studies in tables. Because of the diverse behavioural and
health outcomes reported, we grouped them into five
domains: anthropometry, PA, diet, mental health, and
biomarkers. A narrative approach, vote-counting based
on effect direction, was used.35 Data is presented as an
effect direction plot to show significant positive, signif-
icant negative, or mixed effects (no change). Where
multiple measurements were reported within the same
outcome domain (i.e., PA intensities and lipid profiles)
in one study, these were marked as mixed effects if less
than 70% of the measurements reported a consistent
direction of effect.35

In the meta-analysis, the pooled effect was estimated
for the outcome if it was reported in three or more
RCTs: weight change, perceived stress levels, diet qual-
ity scores, and moderate-to-vigorous physical activity
(MVPA). For consistency, the effect of intervention was
estimated based on change scores (from baseline to
post-intervention), as most studies reported it in this
manner. For studies which did not report change scores
but provided baseline and post-intervention values, the
standard deviation (SD) of change in score was calcu-
lated using the formula: SDE, change = [SD2

E, baseline +
SD2

E, final − (2*Corr *SDE, baseline *SDE, final)]
∧0.5.36

Conservatively, a correlation value of 0.5 between base-
line and post-intervention measurements was
assumed.36 When a study had multiple intervention
groups, we combined groups that had each received an
mHealth intervention to create a single pairwise
comparison.

Findings were aggregated based on random effects
REML models in Stata/SE 16.0 (Stata Corp. LLC).
Intervention effects on weight change were reported as
a mean difference (MD), while perceived stress levels,
self-reported MVPA, and diet quality scores were
expressed as standardised mean difference (SMD) us-
ing Hedges’ g to minimise the bias from different
measurements.36 Heterogeneity was measured via a
Chi-squared test and with the I2 measure. We also
performed subgroup analyses for all four outcomes by
risk of bias, target population, intervention duration,
type of control groups, multiple delivery modes, and
human support. Publication bias was only assessed for
the weight change outcome using Egger’s test. The
trim and fill method was not used because of the
limited number of studies for other outcomes. Results
were presented as forest plots for each outcome of in-
terest, with the weight (in %) indicating the influence
of an individual study on the pooled result. All evalu-
ations were based on a two-sided test with a 5% alpha
level.

Risk of bias was assessed using Cochrane assess-
ment tools: Risk of Bias 2 (RoB 2) for RCTs and Risk of
Bias In Non-Randomised Studies of Interventions
(ROBINS-I) for NRSIs.37,38 The RoB 2 tool for RCTs as-
sesses bias across five domains: the randomisation
process, deviations from intended interventions,
missing outcome data, measurement of the outcomes,
and selection of the reported result.37 The ROBINS-I tool
for NRSIs assesses bias across seven domains: con-
founding, selection of participants, classification of in-
terventions, deviations from intended interventions,
missing data, measurement of outcomes, and selection
of the results reported.38

For both tools, each domain contains several indi-
vidual items that were rated as either “Yes/Probably
Yes,” “No/Probabaly No,” or “No Information” based on
the information available. The overall risk of bias for
each study was then classified. For RCTs, the categories
were “Low,” “Some Concerns,” or “High.” For NRSIs,
the categories were “Low,” “Moderate,” “Serious,” or
www.thelancet.com Vol 66 December, 2023
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“Critical.” Two independent reviewers conducted these
assessments, and any discrepancies were resolved either
through discussion or consultation with a third
reviewer.

Role of the funding source
The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. SZ, CHG, and SME have access to
the dataset. SZ and FMR have final responsibility for the
decision to submit for publication.
Results
Study selection
A summary of the screening process is provided in a
PRISMA flow diagram (Fig. 1). We obtained 3727 re-
cords from six electronic databases and an additional
1761 records from manual citation searches and Google
Scholar. After removing duplicates and title/abstract
screening, we retrieved 246 records for full-text
screening. Following full-text screening, 43 records
via databases and registers:
277 MEDLINE
806 Embase
817 Cochrane library 
468 Scopus
172 PsycoINFO
191 CNKI 

624 Duplicates

2107 Records screened

1938 Records excluded:
3 Duplicates
1935 Irrelevant 

224 Reports sought for retrieval:
169 from databases and registers
55 from other methods

41 Reports not retrieved:
19 Ongoing studies

10 No full text 

183 Reports assessed for eligibility

143 Reports excluded:
12 Wrong study design

50 Not delivered by mHealth
71 Missing contents on PA, diet,    
or mental health

3 Clinical trial registers merged

via 
other methods: 

200 Google Scholar 
1361 Reference lists  

43 Reports of included studies
(34 studies included in review

14 Studies included in m

noitacifitnedI
Sc
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g
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Fig. 1: PRISMA (Preferred Reporting Items for Systematic Reviews and M
process for the systematic review and meta-analysis. It describes the n
methods, the number of studies excluded based on title and abstract scre
The reasons for exclusion at each stage are also specified.

www.thelancet.com Vol 66 December, 2023
reporting 34 studies were eligible for data extraction and
narrative synthesis; 14 provided sufficient data for in-
clusion in the meta-analysis.

Characteristics of the included studies
Description of studies
Table 1 summarises the main characteristics of studies
included in this review. Supplementary Table S1 shows
the characteristics of individual studies. Of the 34
studies, 26 (76.5%) were published between 2017 and
2023; 25 studies were RCTs and 9 were NRSIs (pre-post
design). The studies were mainly conducted in high-
income countries, primarily in the United States
(n = 10)24,39–47 and Australia (n = 6).25,48–52 Only three
studies were conducted in middle-income countries,
and two were located in Asia: Thailand and Iran.53,54 No
identified studies were conducted in low-income coun-
tries. Nineteen studies recruited participants from the
general adult population,26,38,39,41,48–51,55–65 and 15 studies
recruited individuals at risk of NCDs or mental
disorders,24,25,42–47,52–54,66–69 particularly participants with
overweight or obesity (n = 12).24,25,42,43,45,46,52,53,66–69 Baseline
eta-analysis

Update search: 996
via databases and registers:

56 MEDLINE
390 Embase
293 Cochrane library 
185 Scopus
40 PsycoINFO
32 CNKI 

218 Duplicates

778 Records screened

757 Records excluded:
5 Duplicates
752 Irrelevant 

22 Reports sought for retrieval:
21 from databases and registers
1 from Google Scholar 

8 Reports not retrieved:
8 Ongoing studies

14 Reports assessed for eligibility

8 Reports excluded:
2 Wrong study design
3 Not delivered by mHealth
3 Missing contents on PA, diet,   
or mental health

200
via Google Scholar 

eta-analyses) flow diagram. The figure outlines the study selection
umber of studies identified through database searches and other
ening, and the number of studies excluded after full-text assessment.
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Category Number of studies (%) (n = 34) Randomised controlled
trials (n = 25)

Non-randomised studies
of interventions (n = 9)

Publication date

2011–2016 8 (23.5) 7 1

2017–2023 26 (76.5) 18 8

Study typea

Pilot study 16 (47.1) 10 6

Main trial 18 (52.9) 16 2

Country/setting by incomeb

High-income country 31 (91.2) 23 8

Middle-income country 3 (8.8) 2 1

Low-income country 0 (0.0) 0 0

Country/setting by region

Europe 6 (17.6) 4 2

Asia 7 (20.6) 4 3

Oceania (Australia and New Zealand) 8 (23.5) 8 0

North America (United States and Dominican Republic) 13 (38.2) 9 4

Targeted population

Adults at risk of non-communicable diseases or mental disorders 15 (44.1) 15 0

Adults from the general population 19 (55.9) 10 9

Participant characteristics

Age (mean ± SD), years 39.1 ± 12.5 40.2 ± 13.0 35.5 ± 9.6

Female (%) 63.2 (n = 27) 62.7 (n = 21) 64.9 (n = 6)

Male (%) 36.8 (n = 27) 37.2 (n = 21) 35.1 (n = 6)

Higher than secondary school (%) 71.6 (n = 20) 70.9 (n = 15) 61.9 (n = 5)

Body mass index (mean ± SD), kg/m2 30.0 ± 3.8 (n = 18) 30.0 ± 3.8 (n = 18) –

Intervention duration

<3 months 12 (35.3) 7 5

3–6 months 22 (64.7) 18 4

Sample size

<100 17 (50.0) 10 7

100–200 11 (32.4) 10 1

>200 6 (22.6) 5 1

Mode of delivery

Single delivery mode 18 (52.9) 13 5

Multiple delivery modes 16 (47.1) 12 4

Human support

With human support 17 (50.0) 13 4

Without human support 17 (50.0) 12 5

Theory-based 17 (50.0) 13 4

aThe study type was self-reported from studies. bClassification by income based on World Bank Country and Leading Groups. https://datahelpdesk.worldbank.org/knowledgebase/articles/%20906519-
world-bank-country-and-lending-group.

Table 1: Summary of main characteristics of all included studies.
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sample sizes ranged from 15 to 1280 participants, and
17 studies (50.0%) had a sample size of less than
100.26,40–42,44,45,48–51,53,55–57,62,63,69 The 34 studies included a
total of 5691 participants with a mean age of 39 years
(SD 12.5). Four studies exclusively targeted females
(n = 2)40,46 or males (n = 2).25,48 In the remaining 27
studies with reported sex distributions, the percentage
of females ranged from 26.0% to 94.3%, with a median
of 63.2%.24,26,39,41–43,45,47,49–58,60,61,63–69 Out of the 20 studies
that reported education levels, 71.6% of participants had
at least a secondary school education.24,25,39,40–
42,45,48,49,51,52,56,57,60,62,63,67–70

Description of interventions
The core interventions ranged in duration from 7 days to
6 months, with a median of 3 months. Eight studies
(23.5%) included post intervention follow-up data at 6, 9,
or 12 months (Table 1 and Supplementary Table
S1).25,43,44,50,52,59,66,69 Table 2 provides the details of holistic
mHealth interventions and control groups. For
www.thelancet.com Vol 66 December, 2023
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Study Intervention
purpose

mHealth
delivery
mode

mHealth component Other components Behaviour change
technique
category (from
BCTTv1)a

Theory Comparison groups

Targeted adults from the general population

Ahtinen 2013 Stress
management

App (Oiva) 1. Text and audio exercises for
healthy body and mind with
immediate graphical feedback

2. Progress tracking
3. Diary writing to encourage self-

reflection and emotional
awareness

Not reported 2. Feedback and
monitoring

4. Shaping
knowledge

6. Comparison of
behaviours

8. Repetition and
substitution

9. Comparison of
outcomes

10. Reward and
threat

11. Regulation

Acceptance and
commitment
therapy theory

None

Van
Drongelen
2014; 2016

Sleep
improvement
and fatigue
reduction

App (More
energy);
Project
website

1. App: personalised advice on
physical activity, diet, and sleep
based on flight schedule
characteristics

2. Project website: educational
videos and audio files

Not reported 4. Shaping
knowledge

17. Personalisation

Not reported Project website

Du 2016 Healthy
lifestyle
promotion

App (Fittle) 1. Team or individual challenges on
physical activity, diet, and stress
with progress tracking

2. Feedback on daily activities
provided by an automated
conversational agent

Not reported 1. Goals and
planning

2. Feedback and
monitoring

3. Social support
6. Shaping

knowledge

Theory of
planned
behaviour;
Social cognitive
theory

1. ePaper solo condition: a
PDF version of the
wellness programme

2. ePaper Team condition:
a pdf version of the
programme and
grouped participants
into 3 teams

Zhang 2017 Coronary heart
disease
prevention

App
(Care4Heart);
SMS

1. App: educational content on
heart disease, physical activity,
diet, smoking, and stress; tools
including BMI and daily caloric-
intake calculation, and 10-year
coronary heart disease risk pre-
diction; demonstrative relaxation
video clips

2. SMS: educational content on
coronary heart disease
prevention

Not reported 4. Shaping
knowledge

7. Association
11. Regulation

Health belief
model

Website links for health
information

Comulada
2017; 2018

Healthy
lifestyle
promotion

App
(Ohmage)

1. Four daily Ecological Momentary
Assessment prompts for diet,
physical activity, sleep, and mood
self-monitoring

2. Food photo diaries

Face-to-face support from
researchers to review the progress
at 3 and 6 months

2. Feedback and
monitoring

17. Personalisation

Not reported None

Ashton 2017 Healthy
lifestyle
promotion

Website;
App (UP);
Wearables
(JAWBONE);
Social media
(Facebook)

1. Website: educational content on
physical activity, diet, and stress

2. Wearables and the associated
app: goal setting and physical
activity, diet, sleep, and mood
self-monitoring; motivational
messages and educational con-
tent to improve step counts and
sleep patterns

3. Social media: weekly interactions
with other participants and the
research team

Weekly face-to-face support from
reseachers and physical education
teachers on tailored dietary goals
and physical activity;
Resistance training band;
Dinner disc, a visual guide to
assists in controlling the portion
size of food

1. Goals and
planning

2. Feedback and
monitoring

3. Social support
4. Shaping

knowledge
6. Comparison of

behaviours
8. Repetition and

substitution
10. Reward and

threat
11. Regulation
17. Personalization

Self-cognitive
theory;
Self-
determination
theory

Wait-list control

(Table 2 continues on next page)
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mHealth
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(Continued from previous page)

Baek 2018 Stress
management

App 1. Personalised psychoeducation
content and behavioural
techniques based on mental
health status, stress level, and
lifestyles (smoking, physical
activity, diet, and sleep)

2. Daily mood and lifestyle
self-monitoring

3. Forum function for anonymous
sharing of problems and
discussion of topics related to
common stressors among
employees

4. A tool for nearby mental health
professionals;

5. Voice-guided relaxation training

Not reported 2. Feedback and
monitoring

3. Social support
4. Shaping

knowledge
6. Comparison of

behaviours
5. Natural

consequences
17. Personalisation

Not reported None

Podina 2018 Weight
management

App
(SIGMA);
Wearable
(Pedometer)

1. App: psychoeducational content
on diet, physical activity, and
weight; games for coping
strategies; breathing exercise;
feedback report based on self-
monitoring data and progress

2. Pedometer: physical activity and
diet tracking

Not reported 2. Feedback and
monitoring

11. Regulation
17. Personalisation
18. Gamification

Cognitive
behavioural
therapy’s
cognitive ABC
model
(Antecedents—
Beliefs—
Consequences)

None

Gleen 2019 Alzheimer’s
disease
prevention

App
(Nuerotrack
MHP)

1. Psychoeducational content on
lifestyle behaviours related to
cognitive decline and general
behaviour change concepts

2. Physical activity and diet self-
monitoring

3. Audio-guided meditation in-
structions: mindfulness, stress,
and sleep

4. In-app chat with a health coach
for participants’ inquiries

Not reported 2. Feedback and
monitoring

3. Social support
4. Shaping

knowledge
11. Regulation

Not reported None

Jiang 2019 Coronary heart
disease
prevention

App
(Care4Heart);
SMS

1. App: educational content on
heart disease, physical activity,
diet, smoking, and stress; tools
including BMI and daily caloric-
intake calculation, and 10-year
coronary heart disease risk pre-
diction; demonstrative relaxation
video clips

2. SMS: educational content on
coronary heart disease
prevention

Not reported 4. Shaping
knowledge

7. Association
11. Regulation

Health belief
model

None

Mhurchu
2019

Healthy
lifestyle
promotion

App (OL@-
OR @);
Website

1. App: personalised goal setting
and physical activity, diet, and
sleep self-monitoring; in-app
notifications for behaviour
change reminders and culturally
tailored messages on physical
activity, diet, stress, sleep,
weight, and smoking; referrals to
friends-family members to join
the programme

2. Website

Not reported 1. Goals and
planning

2. Feedback and
monitoring

3. Social support
17. Personalisation
18. Gamification

Theoretical
domain
framework

Sham control: a control
version of the OL@-OR@
app for data collection

(Table 2 continues on next page)
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mHealth
delivery
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technique
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BCTTv1)a
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(Continued from previous page)

Oftedal 2019 Healthy
lifestyle
promotion

App
(Balanced);
SMS

1. App: educational content and
goal setting on physical activity,
diet, and sleep with immediate
feedback; physical activity,
diet, sleep, and weight self-
monitoring

2. SMS: weekly educational content
on weight loss

Participant handbook;
Weekly email summaries based
on app entries

1. Goals and
planning

2. Feedback and
monitoring

4. Shaping
knowledge

11. Personalization

Self-cognitive
theory;
Self-regulatory
theory

Wait-list control

Brindal 2019 Weight
management

App
(MotiMate)

1. Weight, diet, physical activity
self-monitoring with immediate
feedback

2. Weekly summaries of self-
monitoring data in terms of
success and areas for
improvement

3. Mood monitoring with a
workshop feature to develop
relevant coping skills

Phone support from registered
dietitian and/or psychologists if
participants classified as weight
gain and/or highly negative
mood

1. Goals and
planning

2. Feedback and
monitoring

3. Social support
11. Regulation
17. Personalisation

Conservation of
resources; Self-
regulation theory

Sham control: a control
version of MotiMate app
with limited feedback and
no encouraging features

Lyzwinski
2019

Weight
management

App (My
Student
Mindfulness)

1. Educational content on stress,
healthy lifestyles, mindfulness,
breathing, and meditation

2. Daily informal mindfulness
practice and journaling

3. Games for stress reduction
4. App notifications during eating

times to maximise mindful
eating opportunities

Not reported 4. Shaping
knowledge

6. Comparison of
behaviours

7. Association
8. Repetition and

substitution
11. Regulation

Not reported 1. An electronic diary for
self-monitoring

2. Website links to the
World Health
Organization’s
guidelines on physical
activity and diet

Torres 2020 Employee
wellness
promotion

Wearables
(Fitbit);
Website
(Qualtrics)

1. Wearable: physical activity and
sleep tracking

2. Website: daily meal logging

Not reported 2. Feedback and
monitoring

Not reported None

Bonn 2022 Healthy
lifestyle
promotion

App (Health
Integrator)

1. Six domains: diet, physical
activity, sleep, stress, alcohol, and
tobacco use

2. Weekly personalised goal setting
with health coaching and
progress tracking

3. Free offers for different apps
based on different domain topics

Phone support from a health
coach every 4 weeks throughout
the intervention

1. Goals and
planning

8. Repetition and
substitution

17. Personalisation

Not reported Wait-list control

Cantisano
2022

Healthy
lifestyle
promotion

Social media
(WhatsApp,
YouTube
channel);
App
(Headspace,
Insight
timer,
Fabulous)

1. WhatsApp: reminders,
challenges, or continuation
messages on physical activity,
diet and psychological wellbeing

2. YouTube channel: informative
capsules or videos on healthy
eating and physical activity

3. Apps: options including healthy
eating, mindfulness, and physical
activity

Three sessions of mindful practice
via Zoom

3. Social support
4. Shaping

knowledge
7. Association
8. Repetition and

substitution

Not reported None

Yuan 2022 Healthy
lifestyle
promotion

App (My
Wellness
Coach)

1. Personalised goal setting for
lifestyle behaviour change

2. Educational content on physical
activity, diet, spirituality,
resilience, relationships, sleep,
and environment

Five people used the app in the
group setting led by a health
coach; 36 people used the app
individually with one onboarding
session and one Q&A session

1. Goals and
planning

3. Social support
4. Shaping

knowledge
17. Personalisation

Health belief
model; Theory of
planned
behaviour;
Transtheoretical
model

None

(Table 2 continues on next page)
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(Continued from previous page)

Wilson 2023 Cardiovascular
disease
prevention

App
(TeamBuildr)

1. Personalised physical activity
programme by a novel evidence-
based allocation algorithm.

2. Weekly education content on
healthy eating, physical activity,
and sleep hygiene

3. Daily goal setting for healthy
eating and sleep hygiene

Not reported 1. Goals and
planning

4. Shaping
knowledge

8. Repetition and
substitution

17. Personalisation

Not reported Wait-list control

Targeted people at risk of non-communicable diseases and mental disorders

Napolitano
2013

Weight
management

Social media
(Facebook);
SMS;
Wearables
(Pedometer)

1. Social media: education content
on self-monitoring, physical ac-
tivity, diet, stress, social support
and relapse prevention; healthy
activity event invitations

2. SMS: diet, physical activity, and
weight self-monitoring with im-
mediate feedback; educational
content on high risk behaviours;
weekly personalised feedback
report on weight, calories intake,
and physical activity

3. Wearables: physical activity
tracking

Face-to-face support from
researchers on weight loss;
Weekly support from support
buddy to boost self-monitoring
compliance

1. Goals and
planning

2. Feedback and
monitoring

3. Social support
4. Shaping

knowledge
11. Regulation
17. Personalisation

Not reported Wait-list control

Norton 2015;
Hartin 2016;
Schiwal 2020

Alzheimer’s
disease
prevention

App (The
Grey
Matters);
Wearables
(Nike
monitor);
Website

1. App: educational content and
daily self-report on physical ac-
tivity, diet, social, sleep, cogni-
tive, and stress; feedback on
performance

2. Wearables: physical activity
tracking

3. Website: educational content as
the app provided and supporting
materials for the use of study
technologies

Weekly email or text message
support from a health coach
(student intern)

1. Goals and
planning

2. Feedback and
monitoring

3. Social support
4. Shaping

knowledge
5. Natural

consequences
10. Reward and

threat
11. Regulation
17. Personalisation
18. Gamification

Transtheoretical
model of change

Wait-list control

Block 2015 Diabetes
prevention

Website
(Alive-PD);
SMS;
App (Alive-
PD)

1. App and website: weekly
personalised goals setting and
progress tracking on diet,
physical activity, and
psychosocial; interactions with
other participants by sending
motivational and personalised
messages or inviting them to
receive weekly emails with
educational content

2. SMS: bi-weekly educational con-
tent with quizzes covering phys-
ical activity, diet, stress, and sleep

Interactive Voice Response
technology: personalised phone
coaching every 2 weeks;
Personalised education materials

1. Goals and
planning

3. Social support
6. Comparison of

behaviour
10. Reward and

threat
11. Regulation
17. Personalization
18. Gamification

Learning theory;
Models centreing
on cues and
triggers;
Social cognitive
theory;
Theory of
planned
behaviour;
Behavioural
economics;
Positive
psychology

Wait-list control

Lin 2015 Weight
management

SMS 1. Goal setting on physical activity
and diet

2. Educational content on
cognitive, behaviours, and
emotions

3. Daily interactive messages for
self-reporting current weight,
motivation level, or a specific
health behaviour with immediate
feedback

Face-to-face support from
registered dietitian-physicians
(baseline and at 6 months) on
weight control plan, feedback, or
health status

1. Goals and
planning

2. Feedback and
monitoring

3. Social support
7. Association
17. Personalisation

Health belief
model;
Transtheoretical
model of change;
Self-regulation
theory

Standard care: two dietitian
visits and one study
physician visit; education
materials; a digital
pedometer

(Table 2 continues on next page)
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Study Intervention
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mHealth
delivery
mode

mHealth component Other components Behaviour change
technique
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BCTTv1)a

Theory Comparison groups

(Continued from previous page)

Mattila 2016;
Jarvela-
Reijonen
2018; Jarvela-
Reijonen
2020

Psychological
flexibility
improvement

App (Oiva) 1. Text and audio exercise on
healthy body and mind with
immediate graphical feedback

2. Progress tracking
3. Diary writing to encourage self-

reflection and emotional
awareness

Not reported 2. Feedback and
monitoring

4. Shaping
knowledge

6. Comparison of
behaviours

8. Repetition and
substitution

9. Comparison of
outcomes

10. Reward and
threat

11. Regulation

Acceptance and
commitment
therapy theory

After intervention, one
group session about
acceptance and
commitment therapy and
Internet-based lifestyle
coaching programme

Stahl 2020 Depression
prevention

App (diary-
like app)

1. Personalised goals on physical
activity, diet, and sleep

2. Physical activity, diet, and sleep
self-monitoring with feedback

Weekly phone support from
researchers to boost confidence
and intrinsic motivation;
Printed educational materials

1. Goals and
planning

2. Feedback and
monitoring

3. Social support
8. Repetition and

substitution
17. Personalisation

Not reported Standard care: medical or
grief specialty care as
needed

Puntpanich
2020

Cardiovascular
disease
prevention

App (Chicken
LOF)

Physical activity, mood, sleep, and
diet self-monitoring via a virtual
chick

Face-to-face support from
physicians at baseline to provide
personalised advice on diet and
physical activity

2. Feedback and
monitoring

11. Regulation

Not reported Standard care: general
physical consultation on
diet and physical activity

Duncan 2020;
Fenton 2021

Weight
management

App
(Balanced);
Wearables
(Fitbit);
SMS;
Calorie
counting
platform

1. App: educational content and
goal setting on physical activity,
diet, sleep with immediate
feedback; physical activity, diet,
sleep, and weight self-
monitoring

2. SMS: weekly educational content
on weight loss (other
intervention group only had
contents on physical activity and
diet)

Face-to-face support from
registered dietitian at baseline to
get personalised dietary advice;
Body weight scale;
Participant handbook;
Weekly email summaries

1. Goals and
planning

2. Feedback and
monitoring

4. Shaping
knowledge

7. Association
11. Personalisation

Self-cognitive
theory;
Self-regulatory
theory

Wait-list control

Nezami 2021 Weight
management

App (PATH,
Fitbit);
Wearable
(Fitbit);
SMS

1. App: educational content on
physical activity, diet, sedentary
behaviour, stress management,
and relapse prevention; daily self-
monitoring data with goal
tracking and automated feedback

2. Wearable: physical activity and
diet goal setting and tracking

3. SMS: motivation, feedback, and
reminders (3–4 times per week)

Body weight scale 1. Goals and
planning

2. Feedback and
monitoring

10. Reward and
threat

11. Regulation
17. Personalisation

Social cognitive
theory

Shame control: the only
difference, compared to
intervention group was the
dietary self-monitoring
tool

Drew 2021;
Young 2021;
Drew 2022

Weight
management

Website
(SHED-IT);
SMS;
App
(MyFitness
Pal) *
optional

1. Website: educational content on
weight, physical activity, diet,
sleep, and cognitive behaviour
therapy-based mental fitness

2. SMS: weekly educational
messages related to website
content

Phone support from registered
psychologists if they had
symptom exacerbation or any
suicidal ideation (7 times
maximum);
Programme handbook;
Logbook for recoding the
progress

2. Feedback and
monitoring

3. Social support
17. Personalisation

Social cognitive
theory

Wait-list control

(Table 2 continues on next page)
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mHealth
delivery
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technique
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BCTTv1)a

Theory Comparison groups

(Continued from previous page)

Napolitano
2021

Weight
management

App
(BeFAB);
Social media
(Facebook);
SMS

1. App: educational content and in-
app messages on physical activ-
ity, diet, weight, stress; weight
self-monitoring with feedback;
weekly goal setting on physical
activity and diet

2. Social media: interactions with
other participants and the
research team

3. SMS: weekly motivational
messages and reminders on
educational content or weekly
goal update

Not reported 1. Goals and
planning

2. Feedback and
monitoring

3. Social support
4. Shaping

knowledge
6. Comparison of

behaviours
11. Regulation
18. Gamification

Not reported Standard care: educational
materials on healthy
behaviours and weight
monitoring

Didehban
2022

Metabolic
syndrome
prevention

SMS Daily messages on physical activity,
diet, or stress

Not reported 4. Shaping
knowledge

5. Natural
consequences

Not reported No-intervention

Nakata 2022 Weight
management

App (CALO
mama Plus)

1. Daily tracking of weight, diet,
exercise, mood, and sleep quality
with graphic trends and app
feedback

2. Weight-loss courses and auto-set
weight-loss goals and targets of
energy, nutrient, and physical
activity based on user data.

3. Meal logging with AI detection
and nutrient calculation.

Not reported 1. Goals and
planning

2. Feedback and
monitoring

4. Shaping
knowledge

17. Personalisation

Not reported Wait-list control

Thorgeirsson
2022

Weight
management

App
(Sidekick)

1. Gamification tasks in diet,
physical activity, and stress
management

2. Visual representation of the
users’ performance and progress

3. Social interactions with the
group members

Weekly or bi-weekly fitness
coaching and monthly nutrition
and health education class

2. Feedback and
monitoring

3. Social support
6. Demonstration

of the
behaviour

11. Regulation
18. Gamification

Not reported Standard care: weekly or bi-
weekly fitness coaching
and monthly nutrition and
health education class

Jensen 2023 Weight
management

SMS 1. Self-monitoring: # of servings of
red foods consumed, # of
servings of green foods
consumed, mins of physical
activity engagement, current
weight, hours of sleep

2. Four messages per day on diet,
physical activity, and sleep
utilising motivational
interviewing principles

Face-to-face support from a
clinical psychology doctoral
student and a clinician at baseline
to provide motivational
interviewing and skills of weight
control and sleep improvement

2. Feedback and
monitoring

3. Social support
4. Shaping

knowledge

Not reported Sham control: the only
difference, compared to the
intervention group, was
the control group did not
receive any content on
sleep component.

aThe numbers in the "Behavior Change Technique Category" column correspond to the categories defined in the Behavior Change Technique Taxonomy version 1 (BCTTv1) with two supplementary
categories: personalisation and gamification.

Table 2: Descriptions of intervention and control groups.
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12
interventions that recruited adults from the general
population, the main focus was mostly on healthy life-
style or wellness promotion (n = 7),39–41,48,49,60,61 followed by
weight management (n = 3),50,51,57 mental health
improvement (n = 3),26,55,65 and NCD prevention
(n = 3).56,58,59 Of the 15 studies targeting people at risk of
NCDs or mental disorders, 9 interventions were focused
on weight management,25,42,43,45,46,52,67–69 4 on NCD
prevention,24,47,53,54 and 2 on mental health improve-
ment.44,66 Apps (n = 27), SMS (n = 11), and mobile device-
compatible websites (n = 8) were the top 3 mHealth de-
livery modes utilised in the interventions, followed by
wearables (n = 7) and social media (n = 4). Notably, 16
(47.1%) studies adopted multiple delivery modes, using
combinations of apps, wearables, SMS, and/or mobile
device-compatible websites.24,25,41,42,45–49,52,56,57,59,60,62,65 Among
the 18 single-mode interventions, 15 were app-
based26,39,40,44,50,51,53,55,58,61,63,64,66–69 and 3 used SMS.43,54,69 SMS
provides simple functions like health education content,
reminders, and communication (feedback or
www.thelancet.com Vol 66 December, 2023
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Articles
motivational messages), while apps and websites have
more features and functions, such as gamification ele-
ments, self-monitoring, and progress tracking.

In addition to mHealth, 18 interventions included
other components, such as face-to-face human support,
printed materials, weighing scales, and email
summaries.24,25,40,42–45,47–50,52,53,61–63,68,69 Interventions applied
a median of 5 (range 1–9) behaviour change tech-
niques.33,34 Approximately 85% of interventions (n = 29)
applied three or more behavioural change
techniques.24–26,39,40,42–52,55–64,66–69 The most common tech-
niques employed were feedback and monitoring (n = 23),
social support (n = 17), regulation (n = 16), and goals and
planning (n = 16). Among the 17 interventions that cited
a theoretical grounding,24,25,39,43,45,47–50,52,55–57,59,60,63,66 social
cognitive theory was the most often used (n = 7), followed
by the health belief model (n = 4) and self-regulation
theory (n = 3).

The studies included various comparison groups:
wait-list control (i.e., receiving the intervention after the
active intervention group, n = 10),24,25,42,47–49,52,61,64,67 stan-
dard care (e.g., physician or specialist consultation,
n = 5),43,44,46,53,68 sham control (same mHealth interven-
tion with different or limited features, n = 4),45,50,60,69 no-
intervention control (n = 1),54 and other controls (e.g.,
education materials and website links, n = 5).39,51,56,65,66

Outcome measures and effects
Feasibility-related outcomes
In total, 24 studies reported outcomes related to user
engagement, adherence, usability, and/or satisfaction, as
detailed in Supplementary Table S3. These measure-
ments varied widely among studies, making outcome
aggregation challenging. In a subset of five studies, an
average of 82% of participants reported being satisfied
with or finding the interventions acceptable or
helpful.42,46,51,65,67 Conversely, seven studies noted low
engagement or adherence,40,43–46,51,71 with four indicating
that these metrics decreased over time.40,42,43,45 For
instance, one study reported that 54% of participants
accessed the app at least once46; two other studies re-
ported adherence rates of 14%–17% of the intended us-
age.51,65 In addition, four studies reported significant
positive associations between engagement or adherence
and behavioural and health outcomes.26,58,71–73

Behavioural and health outcomes
Among 31 studies that assessed behavioural and health
outcomes, most studies (n = 28) measured various
outcomes across domains (Supplementary Table
S2).24–26,39,41,42,44–53,56,58–67,69 Four studies reported out-
comes from all five domains.25,48,52,64 Specifically, 17
studies assessed anthropometric outcomes, such as
body weight, body mass index (BMI), and waist
circumference.24,25,42,43,45,46,48,50–53,61,63,64,67–69 Furthermore, 22
studies measured PA-related outcomes (e.g., different
PA intensities),25,26,39,41,44,46–52,55,56,58–60,62–67 20 measured
www.thelancet.com Vol 66 December, 2023
diet-related outcomes (e.g., diet quality scores, fruit and
vegetable intake),25,26,39,41,44–46,48–52,58,60,62–67 21 reported
mental health outcomes (e.g., stress and
depression),25,26,39,41,44,46–52,55,56,58,59,62–65,69 and 9 reported
biomarker-based outcomes (e.g., blood pressure and
lipids).24,25,48,52,53,61,64,66,67

The effect direction plot (Table 3) presents the most
frequently reported measures from five outcome domains
and their direction of effects. Weight change, the most
frequent measure from the anthropometry domain,
appeared in 15 studies,24,25,42,43,45,46,48,50–53,61,64,67,68 with 60%
showing significant weight loss favouring the
interventions.24,25,42,43,48,61,64,67,68 PA intensity was assessed by
14 studies, using either questionnaires39,42,46,49,51,52,60,62–65

and/or devices.25,48,52,67 Four studies found significant in-
creases in PA intensity,25,48,63,64 two of which were
measured by devices.25,48 For dietary outcomes, 13 studies
examined specific food intakes, including vegetable/fruit/
snack intake46,48,58,60,64,65,74 and/or diet quality
scores.48–50,52,62,66 Half of the studies reported significant
beneficial effects in food intakes,46,48,64,65 while diet quality
scores improved only in two studies.49,62 In the mental
health domain, perceived stress level was the most com-
mon outcome measure (n = 10)39,46,48,51,52,55,56,59,64; four
studies reported significant reductions after
interventions.26,51,55,64 Lastly, blood lipids were most often
measured in the biomarker domain (n = 5),24,48,53,67,74 with
two observing significant improvements.24,48

Meta-analysis results
Fourteen RCTs reported results in suitable formats for
inclusion in the meta-analysis.24,42,43,45,46,48–50,52,56,64,66,67,74

Of these studies, 11 studies reported weight change,
including a total of 1106 participants (578 intervention,
528 control). Participation in holistic mHealth in-
terventions led to a mean weight loss of 1.70 kg (95%
CI −2.45 to −0.95) (Fig. 2). The heterogeneity was
substantial, with an I2 of 89%. We did not detect the
publication bias based on the Eggers’ test (p = 0.95),
and therefore the trim and fill method was not applied.
Six studies including 480 individuals (268 intervention,
212 control) showed significant reductions in perceived
stress levels (Fig. 3), with small heterogeneity
(SMD −0.32; 95% CI −0.52 to −0.12; I2 = 14.52%). The
overall effect size of diet quality scores was pooled from
five studies, comprising 428 individuals (209 inter-
vention, 219 control) (Fig. 4). Overall, there was no
significant effect on diet quality scores with a SMD of
0.21 (95% CI −0.15 to 0.56). Fig. 5 shows a similar
result (SMD 0.21; 95% CI −0.25 to 0.67) for self-
reported MVPA in a meta-analysis of 5 RCTs
involving 330 participants (188 intervention, 142
control).

Subgroup analysis
Studies using wait-list or standard care control groups (9
RCTs; MD −2.00 kg; 95%CI −2.01, −1.99, I2 = 0%)
13
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Study Study 
design

 Risk 

of biasa 

Anthropometry

domain

Physical activity domain Diet domain Mental health 

domain

Biomarker

domainPhysical activity intensity Food intake

Weight 

change

Measured by 

questionnaires

Measured 

by devices

Vegetable/fruits

/snack intake

Diet 

quality 

scores

Perceived 

Stress levels

Blood 

lipids b

Napolitano 

2013# 

Parallel 

RCT
▲ ◄►

Block 2015#  
Parallel 

RCT
▲ ▲

Lin 2015#  
Parallel 

RCT
▲

Ashton 2017 
Parallel 

RCT
▲ ▲ ▲ ◄► ◄► ▲

Drew 2021;,

Young 2021;

Drew 2022#  

Parallel 

RCT
▲ ▲ ◄► ◄►

Bonn 2022 
Parallel 

RCT
▲

Nakata 2022#  
Parallel 

RCT
▲ ◄► ◄►

Thorgeirsson#  

2022 

Parallel 

RCT
▲

Wilson 2023 
Parallel 

RCT
▲ ▲ ▲ ▲

Puntpanich 

2020#  

Parallel 

RCT
▼# ▲c

Van Drongelen

2014; 2016 

Parallel 

RCT
◄► ▲

Du 2016 
Factorial 

RCT
◄► ◄►

Zhang 2017 
Parallel 

RCT
◄►

Mattila 2016; 

Järvelä-

Reijonen 2018;

Järvelä–

Reijonen 2020#  

Parallel 

RCT
◄►

Brindal 2019 
Parallel 

RCT
◄► ◄►

Mhurchu 2019 
Cluster 

RCT
◄► ◄►

Oftedal 2019 
Parallel 

RCT
◄► ▲

Lyzwinski 2019 
Parallel 

RCT
◄► ◄► ▲

Napolitano 

2021 

Parallel 

RCT
◄► ◄► ▲ ◄►

Duncan 2020;

Fenton 2021# 

Parallel 

RCT
◄► ◄► ◄► ◄► ◄►

Nezami 2021#  
Parallel 

RCT
◄►

Ahtinen 2013 NRSI ▲

Baek 2018 NRSI ▲

Jiang 2019 NRSI ◄►

Gleen 2019 NRSI ◄►

Cantisano 2022 NRSI ◄► ▲

Yuan 2022 NRSI ▲

Total 28 15 11 4 7 6 10 5

Table 3: Effect direction plot summarising the direction of intervention impacts in holistic mHealth interventions. The most frequent measures of five outcome domains are
shown.
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11.29

15.50

(%)
Weight

Random-effects REML model

Fig. 2: Forest plot of holistic mHealth interventions on weight change (kg). The figure presents a forest plot depicting the effects of eleven
holistic mHealth interventions on weight change, measured in mean difference (kg). Participation in holistic mHealth intervention led to a
statistically significant weight loss of 1.70 kg (95% CI −2.45 to −0.95). The heterogeneity was substantial with an I2 of 89%. The error bars in
the plot signify the 95% confidence interval, providing insights into the range within which the true effect size is expected to lie. Each square
within the plot corresponds to the mean difference in weight change observed across different studies. The size of the squares corresponds to
the relative weight of each study in the analysis, with smaller squares indicating studies that contribute less significantly to the overall effect
size. The hollow diamond represents the overall effect size, accounting for all the studies included in the analysis. The red reference line denotes
the absence of an effect. If the error bar or the hollow diamond intersects or crosses the red reference line, it suggests that the observed effect is
not statistically significant.

Articles
demonstrated greater weight loss as compared to
studies using sham controls (2 RCTs; MD 0.86 kg; 95%
CI −0.94 to 2.67; I2 = 32.77%). Also, a stronger effect on
diet quality scores was observed for interventions tar-
geting adults from the general population (3 RCTs;
SMD 0.51; 95% CI 0.18 to 0.85; I2 = 0%) compared to
those targeting adults with overweight or obesity (2
RCTs; SMD 0.10; 95% CI −0.36 to 0.16; I2 = 4.54%).

Risk of bias
Figs. 6 and 7 summarise the risk of bias assessments for
RCTs and NRSIs, respectively. Information for individ-
ual studies is provided in the supplementary document
(Supplementary Figs. S1 and S2).

Overall, none of the RCTs were rated as
having a low risk of bias; 14 RCTs had some
concerns24,25,42,43,45,47,48,50,52,53,61,64,67,69; and 11 were rated
as having a high risk of bias (Fig. 6).39,44,46,49,51,54,56,60,65,66,68

Most bias resulted from insufficient reporting of details
related to the randomisation process (allocation sequence
concealment) and selection of the reported result. Addi-
tionally, bias often occurred due to deviations from
www.thelancet.com Vol 66 December, 2023
intended interventions (unblinding of participants) and
in measurement of outcomes (unblinding of study as-
sessors). The risk of bias for all NRSIs was serious
(Fig. 7).26,40,41,55,57–59,62,63 All included NRSIs were pre-post
study designs without control groups, significantly
contributing to bias due to confounding, bias in outcome
measurement, and in selection of reported outcomes.
Discussion
This is the first systematic review and meta-analysis to
synthesise the evidence from 34 studies and provide an
overview of the characteristics of holistic mHealth in-
terventions and assess their effectiveness on related
behavioural and health outcomes among adults. It is
unique in its focus on interventions that address PA,
diet, and mental health in an interconnected and holistic
manner. Identified interventions primarily involved
young and middle-aged participants from high-income
countries; applied various delivery modes included
apps, SMS, mobile device-compatible websites, and
wearables; and covered diverse intervention
15
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Heterogeneity: 2 = 0.01, I2 = 14.52%, H2 = 1.17

Test of i = j: Q(5) = 4.45, p = 0.49

Test of  = 0: z = -3.12, p = 0.00
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N
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N
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-0.75,
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-0.78,
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0.26]

0.23]

0.36]

-0.29]

-0.12]

17.49

11.17

13.64

22.03

11.11

24.57

(%)
Weight

Random-effects REML model

Fig. 3: Forest plot of holistic mHealth interventions on perceived stress levels. The figure presents a forest plot depicting the effects of six mHealth
interventions on perceived stress levels, measured in standardised mean difference (SMD) as Hedges’ g. The interventions led to a statistically
significant stress reduction, with small heterogeneity (−0.32; 95% CI −0.52 to −0.12; I2 = 14.52%). The error bars in the plot signify the 95%
confidence interval, providing insights into the range within which the true effect size is expected to lie. Each square within the plot corresponds to
the SMD in perceived stress levels observed across different studies. The size of the squares corresponds to the relative weight of each study in the
analysis, with smaller squares indicating studies that contribute less significantly to the overall effect size. The hollow diamond represents the
overall effect size, accounting for all the studies included in the analysis. The red reference line denotes the absence of an effect. If the error bar or
the hollow diamond intersects or crosses the red reference line, it suggests that the observed effect is not statistically significant.
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components and outcomes measures. The narrative
syntheses showed that in about half of the studies, a
significant intervention effect was found for weight loss.
However, other investigated outcomes showed
improvement in only a minority of studies. Our meta-
Ashton 2017

Jarvela- Reijonen 2018

Oftedal 2019

Brindal 2019

Fenton 2021

Overall

Heterogeneity: 2 = 0.10, I2 = 62.27%, H2 = 2.65

Test of i = j: Q(4) = 9.99, p = 0.04

Test of  = 0: z = 1.15, p = 0.25
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-2Random-effects REML model

Fig. 4: Forest plot of holistic mHealth interventions on diet quality scores.
interventions on diet quality scores, measured in standardised mean diffe
on diet quality scores with an overall effect size of 0.21 (95% CI −0.15 to 0
plot signify the 95% confidence interval, providing insights into the range
the plot corresponds to the SMD in diet quality scores observed across d
weight of each study in the analysis, with smaller squares indicating stu
hollow diamond represents the overall effect size, accounting for all the
absence of an effect. If the error bar or the hollow diamond intersects or cr
statistically significant.
analysis results demonstrated that holistic mHealth in-
terventions could be beneficial for weight loss and stress
reduction, while non-significant intervention effects
were observed for diet quality scores and self-reported
MVPA.
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Fig. 5: Forest plot of holistic mHealth interventions on self-reported moderate-to-vigorous physical activity (MVPA). The figure presents a forest
plot depicting the effects of five mHealth interventions on MVPA, measured in standardised mean difference (SMD) as Hedges’ g. The analysis
of self-reported MVPA revealed a non-significant overall effect size (0.21; 95% CI −0.25 to 0.67). Substantial heterogeneity was observed, as
indicated by an I2 value of 74.28%. The error bars in the plot signify the 95% confidence interval, providing insights into the range within which
the true effect size is expected to lie. Each square within the plot corresponds to the SMD in self-reported MVPA observed across different
studies. The size of the squares corresponds to the relative weight of each study in the analysis, with smaller squares indicating studies that
contribute less significantly to the overall effect size. The hollow diamond represents the overall effect size, accounting for all the studies
included in the analysis. The red reference line denotes the absence of an effect. If the error bar or the hollow diamond intersects or crosses the
red reference line, it suggests that the observed effect is not statistically significant.
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In previous reviews, mHealth interventions have
been associated with significant weight loss, ranging
from 1 kg to 2 kg, which aligns with our findings.75–79

Similarly, our results on perceived stress levels are
consistent with other studies on mHealth mental health
interventions, though they tended to show slightly
stronger effect sizes, ranging from 0.35 to 0.46.80–82

Results on MVPA, on the other hand, were
inconclusive.19,76,79,83–85 Of the three reviews specifically
reporting MVPA outcomes, two reported moderate ef-
fects, while the other reported non-significant results
that are similar to ours.19,79,85 Limited evidence was
Fig. 6: Risk-of-bias assessment summary for randomised controlled tria
randomised controlled trials (RCTs). The green colour indicates a low risk
colour signifies some concerns, indicating that certain aspects of the stud
colour represents a high risk of bias, implying significant methodological
The figure also includes the percentage of studies associated with each b
tribution within in included RCTs.

www.thelancet.com Vol 66 December, 2023
found regarding meta-analyses of mHealth in-
terventions’ impacts on diet quality scores. Scarry et al.
reported that two out of five mHealth interventions
showed significantly improved diet quality scores,86

whereas in our review, only one out of five studies
reported a significant effect. We also observed a
non-significant, small-pooled effect of holistic mHealth
interventions on diet quality scores in the meta-analysis.

Taken together, our findings appeared to demon-
strate less substantial effects on perceived stress levels,
self-reported MVPA, and diet quality scores compared to
prior reviews. One possible explanation is that each
ls. The figure presents the risk-of-bias assessment summary for 25
of bias, suggesting that the study is less prone to bias. The yellow
y design or implementation may introduce potential biases. The red
limitations that may compromise the validity of the study findings.
ias domain, providing an understanding of the prevalence and dis-
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Fig. 7: Risk-of-bias assessment summary for non-randomised studies of interventions. The figure presents the risk-of-bias assessment summary
for 9 non-randomised studies of interventions (NRSIs). The green colour indicates a low risk of bias, suggesting that the study is less susceptible
to bias. The yellow colour signifies a moderate risk of bias, indicating that certain aspects of the study design or conduct may introduce
potential biases. The red colour represents a serious risk of bias, implying significant methodological limitations that may compromise the
validity of the study findings. The blue colour represents a lack of information on bias, indicating that relevant details were not reported or
available. The figure also includes the percentage of studies associated with each bias domain, providing an understanding of the prevalence and
distribution within in included NRSIs.
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individual intervention component may be less inten-
sive in a holistic intervention compared to interventions
focused only on one aspect of health. Nevertheless,
greater effects on more distal and multifactorial health
outcomes, such as weight change, may still emerge as a
result of synergistic effects of various components. It
has also been reported that mHealth interventions were
less effective in changing behaviours compared to their
impacts on anthropometric or biomarker-based out-
comes.87 This may be attributable to the short duration
of interventions and the challenges of evaluating health
behaviours.87 For example, over 90% of included studies
evaluated an intervention that was less than 6 months in
duration. The lack of long-term effectiveness appears to
be one of the most significant limitations of current
mHealth interventions.77,82,83 This could be related to the
challenge of maintaining participants’ long-term
engagement with mHealth interventions, which is
important given that higher engagement has been
associated with better outcomes.88 Unlike traditional
face-to-face interventions, participants engage with
mHealth interventions independently, without over-
sight, they may need intrinsic motivation to sustain
their interest.89 In our review, we found studies reported
low engagement and a decline in engagement over time.
These findings echo previous research describing tran-
sient and casual use of apps, and suggest that people
may value such interventions with minimal effort.90

Future studies should focus on strategies to boost
engagement and sustain the long-term effects of
interventions.

Further, evaluating behaviours can be challenging,
particularly when considering the various methods for
measuring PA and diet. For example, diet can be
assessed as frequency of intake, quality, pattern, or
certain dietary behaviours. Similarly, PA can be
evaluated as frequency, intensity, and duration, using
self-reported or devices-based measures. In our meta-
analysis, we aimed for data comparability by only
combining studies that used similar measurements,
such as diet quality scores and self-reported MVPA.
Some previous reviews of mHealth interventions com-
bined different PA outcomes, including both self-
reported and device-based measures, which is likely to
increase the heterogeneity in results.76,83,84 Our effect
direction plot (Table 3) reveals that this choice may also
affect the significance of outcomes: 2 out of 4 studies
using device-based measurements reported significant
improvements in PA, while only 2 out of 11 studies
replying on self-reported measures showed significant
effects. Given these observations, it is plausible that
device-based measurements might offer more favour-
able evaluations of intervention efficacy. To enhance the
robustness and comparability of future studies, re-
searchers should consider adopting either device-based
measurements or standardised reporting of behav-
ioural outcomes (e.g., MVPA in minutes per week or
identical diet quality scores).

Although some researchers have argued that multi-
component interventions yield more robust health ef-
fects than standalone mHealth interventions, the
optimal choices of delivery modes and components in
holistic mHealth interventions to improve efficacy
remain uncertain.77,79,89 When designing holistic
mHealth interventions, it is important to undertake
more careful selection and integration based on specific
health domains and target populations.89,91 For example,
apps are emerging as a dominant mHealth delivery
mode due to their ability to provide multiple and com-
plex functions simultaneously, as well as convenient
access to participants.92 Some evidence supports the
inclusion of wearables (reducing participant burden),
www.thelancet.com Vol 66 December, 2023
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SMS (acting as reminders), and a human support
component to increase intervention effectiveness.75,89,91

By examining the features of interventions with signif-
icant effects on weight change and self-reported MVPA,
we found that almost 80% of studies included a human
support component. This is consistent with other re-
views that suggest effective technology-driven diabetes
prevention interventions featured various forms of hu-
man support (online, face-to-face, and phone), and
mHealth interventions with human-to-human in-
teractions produced better outcomes.75,93,94 However, the
necessity of human support raises concerns about
scalability, as mHealth interventions that involve human
interactions are likely to be more resource-intensive and
challenging to scale.75,94 Future research should investi-
gate whether conversational agents or artificial intelli-
gence can provide comparable support and guidance to
participants.

Another important aspect of holistic mHealth in-
terventions is the inclusion of a mental health compo-
nent. We set broad criteria for this component, resulting
in the identification of diverse topics. The top three
topics included sleep, stress management, and relaxa-
tion. Our meta-analysis included 6 stuides focusing on
stress, sleep, and/or mood monitoring. Reviews with
larger effect sizes for stress primarily emphasised
mindfulness or cognitive behavioural therapy
approaches.80–82 Subgroup analyses confirmed that apps
based on cognitive behaviour therapy yielded greater
effects compared to those that did not.82 Future research
could delve deeper into this area, investigating which
specific mental health topics are optimal for health
outcomes in holistic mHealth interventions.

This review applied a comprehensive search strategy
covering six electronic databases, Google Scholar, and
manual searches of reference lists from relevant papers
over the past 10 years. We also supplemented the
intervention descriptions with information from proto-
col papers and registrations during data extraction. This
review emphasises the importance of early prevention
and the adoption of healthy lifestyles, recognising that
healthy ageing is a continuous and lifelong endeavour.

This study also has several limitations. First, the
included studies were quite diverse, with variations in
intervention components, mHealth delivery modes,
control groups, and outcome measures. This made it
challenging to directly compare the studies. Second,
only 14 studies were included in the meta-analysis, and
there was substantial heterogeneity in weight change,
self-reported MVPA, and diet quality scores. Subgroup
analyses lacked sufficient power to determine true
interaction effects. Third, only immediate post-
intervention outcomes were included due to inade-
quate and unsuitable long-term follow-up data. This
highlights the need to evaluate long-term effectiveness
in future studies. Lastly, all studies included in the meta-
analyses were rated as having some concerns or a high
www.thelancet.com Vol 66 December, 2023
risk of bias, limiting the quality of evidence. Lack of
blinding was identified as a key source of bias. Imple-
menting blinding techniques, such as sham procedures,
concealing the study hypothesis from participants, or
conducting a blinded assessment of outcomes, will
improve the quality of evidence.95

Our review highlights the rapid accumulation of evi-
dence in recent years and provides directions for future
research on holistic mHealth interventions. First, it is
worth noting that the majority of included participants
were from high-income countries. Future studies should
focus on bridging the evidence gap by including pop-
ulations with lower socioeconomic status, residing in
remote areas or developing countries, who often have
limited knowledge of and access to preventive care. Sec-
ond, given the complexity of holistic mHealth in-
terventions, further research should investigate the
intervention components or features that influence
intervention efficacy. This may involve examining the
optimal dose, frequency, timing, and combination of
different delivery modes and components; comparing
holistic mHealth interventions to lifestyle (PA and diet)
interventions; and exploring the possible role of conver-
sational agents and artificial intelligence to supplement
human support and enhance scalability. Lastly, future
studies should aim to address the methodological limi-
tations of the current evidence, such as the lack of long-
term effectiveness and the need for high-quality evidence.

In summary, this systematic review and meta-analysis
synthesised the characteristics of holistic mHealth in-
terventions and suggested that these interventions had
beneficial effects on weight loss and perceived stress
reduction. The effects on diet quality scores and self-
reported MVPA were less clear and require more
research, preferably using device-measured assessments.
These findings should also be interpreted with caution,
however, due to the small number of studies included,
substantial heterogeneity, and low methodological qual-
ity. While the existing evidence needs to be strengthened,
this review provides valuable insights into the character-
istics and effectiveness of holistic mHealth interventions
in adults from the general population. It highlights the
potential for such interventions to improve physical and
mental health outcomes and lays the groundwork for
future research on the development and scaling of
effective holistic mHealth interventions.
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