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Mobile phone interventions to improve health outcomes
among patients with chronic diseases: an umbrella review
and evidence synthesis from 34 meta-analyses

Shufang Sun, Otto Simonsson, Stephen McGarvey, John Torous, Simon B Goldberg

This umbrella review of 34 meta-analyses, representing 235 randomised controlled trials done across 52 countries
and 48957 participants and ten chronic conditions, aimed to evaluate evidence on the efficacy of mobile phone
interventions for populations with chronic diseases. We evaluated the strengths of evidence via the Fusar-Poli and
Radua methodology. Compared with usual care, mobile apps had convincing effects on glycated haemoglobin
reduction among adults with type 2 diabetes (d=0-44). Highly suggestive effects were found for both text messages
and apps on various outcomes, including medication adherence (among patients with HIV in sub-Saharan Africa and
people with cardiovascular disease), glucose management in type 2 diabetes, and blood pressure reduction in
hypertension. Many effects (42%) were non-significant. Various gaps were identified, such as a scarcity of reporting
on moderators and publication bias by meta-analyses, little research in low-income and lower-middle-income

countries, and little reporting on adverse events.

Introduction

The global burden of chronic diseases, defined as “condi-
tions that last one year or more and require ongoing
medical attention”,' such as diabetes, hypertension, and
HIV or AIDS, is high. In 2023, WHO reported that non-
communicable diseases were responsible for seven out
of ten deaths worldwide.? People in low-income and
middle-income countries (LMICs) will have the highest
risk of dying from chronic diseases in the next decade.**
In response, in 2015 global leaders endorsed the UN’s
Sustainable Development Goal 3.4 of a reduction by a
third in premature mortality by non-communicable
diseases by 2030 through prevention and treatment.’ To
achieve this goal, it is imperative to reach the vast patient
populations with chronic diseases and promote optimal
health.

In parallel, the past decade has had rapid development
in the area of mobile health, defined as “medical and
public health practice supported by mobile devices, such
as mobile phones, patient monitoring devices, personal
digital assistants, and other wireless devices”.® In particu-
lar, mobile phone interventions (eg, smartphone apps
and SMSs) have gained global ubiquity’ and have the
potential to reach and engage patients with chronic
diseases, provide health education, monitor symptoms,
promote a healthy lifestyle, and support behavioural
interventions. Research on mobile phone interventions
for patients with chronic disease, with rigorous, gold-
standard designs (ie, randomised controlled trials
[RCTs]), has rapidly expanded. Mobile phone interven-
tions are increasingly integrated into clinical care in the
real world, and this trend has been accelerated by the
COVID-19 pandemic.® Regulators such as the US Food
and Drug Administration and similar organisations
worldwide are piloting approaches to evaluate these
interventions.”” Thus, there is a need to understand the
current risks and benefits to such mobile health inter-
ventions. Given a paucity of research coming from
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mobile health companies themselves," our use of RCTs
to benchmark the state of the science is timely and
relevant to many stakeholders.

There are several key limitations to the current evidence
base that impede dissemination of knowledge about
digital mobile phone interventions and policy efforts.
First, reviews on mobile phone interventions reach
inconsistent conclusions on their effects across chronic
health conditions,*™ making implementation and dis-
semination efforts challenging. Second, despite a
growing number of RCTS, the quality of the available
meta-analyses varies greatly. Methodological limitations,
such as combining active (eg, another intervention
programme) and inactive (eg, usual care without addi-
tional intervention) control conditions, infrequent
reporting of moderators, and little assessment of publica-
tion bias, can produce skewed results and misleading
policy implications.

This Review aims to synthesise the extant literature on
the efficacy of mobile phone interventions for patients
with chronic diseases through umbrella review methods.”
This approach can provide a clear summary of rigorously
conducted meta-analyses of RCTs designed to test mobile
phone interventions for chronic diseases, uncovering the
degree of evidence certainty across subcategories (ie,
differing types of participants, interventions, compari-
sons, and outcomes [PICOs]). In an umbrella review of
mobile phone interventions for mental health, published
in 2022, we found no convincing (class 1) evidence for
efficacy across PICOs despite a large RCT base (145 RCTS,
n=47940 participants).” Mobile phone interventions for
chronic diseases is an older field compared with these
interventions for mental health, based on the history of
funding and the number of digital health startups.”
However, existing umbrella reviews have focused on
specific conditions (eg, text message interventions for
type 2 diabetes).””" A comprehensive umbrella review of
mobile phone interventions for chronic conditions is
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therefore timely and can provide information on what
types of mobile phone interventions are effective for
which chronic conditions and specific health outcomes.
As mobile phone interventions become increasingly
popular, consolidating evidence can offer guidance to the
public, researchers, clinicians, and policy makers on the
utility of these interventions.

Methods

Protocol and registration

This umbrella review was done in accordance with estab-
lished guidelines, methods, and practices for conducting
umbrella reviews in the medical field.” The study was
preregistered through the Open Science Framework
(https://osf.io/s2t67/). There were three deviations from
the preregistration: (1) we did not evaluate attrition due
to the scarcity of reporting in meta-analyses; (2) we
applied an established umbrella review methodology” to
evaluate strength of evidence; and (3) meta-analyses that
reported effect sizes without restriction to a single
chronic condition were excluded (eg, effects on blood
pressure from RCTs that included patients with either
hypertension or diabetes).

Search strategy and selection criteria

The following search terms were used: (“meta-analy*”)
AND (“smartphone*” OR “smart phone” OR “mobile
phone” OR “cellular phone” OR “cell phone” OR “mobile
app*” OR “mobile device” OR “mobile-based” OR
“mobile health” OR “mhealth” OR “m-health” OR
“iphone” OR “android” OR “tablet”). Six databases were
searched: PubMed, CINAHL, PsycINFO, Scopus, Web of
Science, and Cochrane Systematic Reviews. We searched
databases from inception to June 13, 2022. Only studies
reported in English were considered.

Studies were eligible for review if they conducted a
meta-analysis, reported meta-analytical outcomes (ie,
effect sizes) for mobile phone interventions, focused on
populations with chronic diseases (eg, type 1 and type 2
diabetes, hypertension, heart disease, and HIV or AIDS),
reported effect sizes derived from k=4 RCTs, and included
comparison conditions that could be categorised as usual
care or other specific treatment (eg, usual care plus
another behavioural health programme). Usual care
conditions included standard usual care (eg, routine
medical visits) or augmented usual care (eg, patients
were provided a paper handout on medication adherence
or received advice to stay active) without mobile phone
intervention or another behavioural health programme.
Effect sizes needed to be presented with their 95% Cls
and to be based on RCTs that did not combine control
condition types (eg, a mix of usual care and usual care
plus other behavioural health programme conditions),
since they address different scientific questions (ie,
effects of mobile phone interventions vs standard clinical
care or effects of mobile phone interventions vs another
active intervention on top of usual care). If a

meta-analysis included more than one condition (eg,
type 1 and type 2 diabetes, diabetes, and hypertension),
they needed to report effect sizes specific to one type of
chronic condition to be included.

Three scientists with PhDs and expertise in conducting
systematic reviews (SS, OS, and SBG) independently
reviewed abstracts and full texts in duplicate.
Disagreements were discussed until a consensus was
reached. These authors also extracted the data.

Data analysis

We recorded multiple data items. First, eligible effect sizes
and their 95% CIs were extracted, along with the corre-
sponding number of RCTs and participants each effect
size represented, heterogeneity (12), and results of tests of
publication bias. Second, we extracted the results of
moderator tests for eligible effect sizes. Third, to
summarise findings across PICO subcategories, we coded
sample population (eg, older adults or Chinese individu-
als), clinical condition (eg, type 2 diabetes or hypertension),
intervention (eg, mobile apps or SMS), comparison
condition (eg, treatment as usual or another active inter-
vention), and outcome (eg, glycated haemoglobin [HbA, ]
concentration, medication adherence, or weight).

We evaluated the quality of each meta-analysis with the
Assessment of Multiple Systematic Reviews 2
(AMSTAR 2),2 which aims to provide an understanding
of domains of strengths and weaknesses across meta-
analyses. We also coded the risk of bias of the primary
RCTs (eg, Cochrane) and reports of adverse events using
data reported in the meta-analyses. To describe the
primary RCTs, we coded the following items: year of
publication, sample size, chronic condition, and country
where the trial occurred. If an RCT was done across more
than one country, all country locations were included and
recorded accordingly.

We organised our reporting of results by chronic
disease condition and outcomes within each condition,
reviewing effect size magnitude and certainty of the
evidence separated by population, intervention, and
comparison condition. Within each medical condition,
we identified representative effect sizes for unique
outcomes based on the largest sample, which in theory
would provide the most recent and comprehensive
evidence, and the most statistically reliable estimate.” For
instance, among several effect sizes that estimated the
effect of mobile apps for reducing HbA, among people
with type 2 diabetes,”” the one with the larger sample
number was selected as a representative effect size.”

Meta-analyses reported effect sizes as standardised (eg,
Cohen’s d) and unstandardised (eg, percentage HDA
reduction) mean differences. When available, we coded
standardised effect sizes. Odds ratios were converted to
Cohen’s d for ease of comparison. For each effect size, we
calculated an exact p value with 95% CIs.” We interpreted
the magnitude of standardised effect sizes (Cohen’s d)
and heterogeneity (I2) using established guidelines.**
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We applied a previously proposed umbrella review
methodology to evaluate the strength of evidence.”
Evidence grade was determined for each representative
effect size based on the associated sample size, p value,
heterogeneity, and presence of publication bias (panel 1).
For instance, class 1 or convincing evidence requires a
sample of 1000 participants or more, p<1076, 2<50%, and
no publication bias. Class 2 or highly suggestive evidence
requires a sample of 1000 participants or more and p<106
but other class 2 criteria (ie, heterogeneity or publication
bias) are not met. To characterise class 2 effect sizes that
did not test for publication bias (which can occur when
insufficient studies are available for an adequately
powered test®), as shown in panel 1, effect sizes without
an evaluation of publication bias yet meeting all other
criteria for class 1 were categorised as class 2+ or highly
suggestive+.

As additional information on evidence certainty, we
reported meta-analysts’ evaluation of evidence via the
Grading of Recommendations Assessment, Development
and Evaluation (GRADE) approach when it was used. We
did not conduct additional GRADE ratings on extracted
effect sizes due to the Cochrane guideline on overviews
of reviews that suggests the extraction of certainty of
evidence from the systematic reviews themselves and
little reliability in GRADE ratings when made with
meta-analyses.”

Results

Study selection

A total of 6982 citations were retrieved, with 34 meta-
analyses reporting eligible effect sizes (appendix p 1).
Inter-rater reliability for abstract and full-text review was
excellent (k=0-75). The 34 meta-analyses included data
from 235 primary RCTs with 48957 participants. The
appendix (pp 4-24) presents meta-analyses that were
reviewed in full text and excluded, and reasons for
exclusion. A list of reviewed abstracts and reasons for
exclusion for full-text review is available online.

Study characteristics

Characteristics of the included meta-analyses are reported
in table 1. Meta-analyses included a mean of 11-03 studies
(SD=8-23). Meta-analyses examined the following chronic
disease categories: type 2 diabetes (n=11 studies, 32%),
HIV or AIDS (n=6 studies, 18%), hypertension
(n=5 studies, 15%), type 1 or type 2 diabetes (n=3 studies,
9%), cardiovascular disease (n=2 studies, 6%), asthma
(n=2 studies, 6%), type 2 diabetes or hypertension
(n=1 study, 3%), heart disease (n=1 study, 3%), chronic
obstructive pulmonary disease (COPD; n=1 study, 3%),
coronary heart disease (n=1 study, 3%), and osteoporosis
(n=1 study, 3%). In terms of population, 31 meta-analyses
focused exclusively on adults (91%, including one focused
on older adults aged =60 years), three included both adult
and youth (ie, adolescents and children) or adult
samples (9%), and none focused exclusively on youth. All
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Panel 1: Classification of evidence in meta-analysis for
standardised effect sizes

Convincing evidence (class 1)

» >1000 cases

+  p=<10°for random effect models

+ Lowto moderate between-studies heterogeneity (I°<50%)
+  95% Cls excluding the null value

+  No evidence of publication bias

Highly suggestive evidence (class 2)
» =1000 cases

+  p=<10° for random effect models

+ Class 1 was not met

Suggestive evidence (class 3)

» =1000 cases

+  p<10°~ for random effect models
+ Class 2 was not met

Weak evidence (class 4)
* p=<0-05

Non-significant evidence
+ p>0-05

If effect sizes met all class 1 criteria but did not test for publication bias, they were
marked as highly suggestive+ (class 2+).

meta-analyses were published between 2014 and 2022.
Ratings of AMSTAR 2 are reported in the appendix
(pp 25-26). Notably, none of the meta-analyses reported
funding sources of individual RCTs, and a minority of
meta-analyses assessed the potential effect of risk of bias in
individual studies on the results (n=2, 6%), accounted for
risk of bias when interpreting findings (n=10, 29%), and
provided satisfactory explanations regarding heterogeneity
(n=14, 41%).

The 235 primary studies represented in the 34 meta-
analyses had a mean sample size of 209-22 participants
(SD 339-03). The appendix (pp 27-37) has the primary
studies, their full citation, the location (ie, country) of the
RCT, and a matrix on their appearance in each meta-
analysis. A primary study appeared across all included
meta-analyses a mean of 1.57 times (SD=1-29;
median=1, range 1-10). These primary studies were
published between 2004 and 2021, with 2016 being the
median year. The appendix (p 2) presents the regions and
country income of primary RCTs. RCTs were based in
Asia (n=120, 51%), Europe (n=42, 18%), North
America (n=38, 16%), Africa (n=21, 9%), Oceania
(n=12, 5%), and South America (n=>5, 2%). The figure
presents the country locations of the RCTs. The 235 RCTs
reported 243 locations (some RCTs involved more than
one country), with most evidence coming from China
(n=87 studies, 36%) and the USA (n=34 studies, 14%). A
total of 240 country income levels for 235 RCTs were
documented (some studies involved countries with
varied income levels). More than 82% of the trials

See Online for appendix

https://osf.io/s2t67/

reasons for exclusion see

For the reviewed abstracts and
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Condition Intervention Population Outcomes Number of Risk of bias
included  assessment
studies

Al-Arkee etal (2021)*  Cardiovascular Mobile apps Adults Medication adherence 6 Cochrane
disease
Alhussein and Osteoporosis Mobile apps Adults Disability, pain intensity 9 Cochrane
Hadjileontiadis
(2022)*
Aminuddin et al Diabetes, type 2 Smartphone Adults BMI, DBP, HbA,, self-efficacy, self-care 22 Cochrane
(2021)* interventions activities, SBP
Arambepola et al Diabetes, type 2 Automated SMS  Adults BMI, HbA,, 13 Cochrane
(2016)»
Cai et al (2020)* Diabetes, type 2 Mobile apps Adults BMI, bodyweight, waist circumference 14 Cochrane
Cuietal (2016)” Diabetes, type 2 Mobile apps Adults HbA,. 6 Cochrane
Daher et al (2017)* HIV SMS adults ART adherence 4 Cochrane
Deng etal (2017)* Diabetes, type 2 Mobile apps Adults DBP, HbA,, HDL, LDL, total cholesterol, 10 Cochrane
triglycerides, weight, SBP
El-Gayaretal (2021)* Diabetes, type 1or ~ Mobile apps Adults HbA,. 24 Cochrane
type 2
Gandhietal (2017)*  Cardiovascular SMS and apps Adults Adherence to medical therapy, 15 Cochrane
disease adherence to pharmacological
recommendations, reduction in blood
pressure, hospital readmission,
smoking cessation
Han et al (2020)* Hypertension Mobile apps Adults, DBP, SBP 18 Cochrane
Chinese
Hou et al (2016)* Diabetes, type 1or  Mobile apps Adults HbA,, 10 NA
type 2
Jong etal (2017)* HIV Mobile phone Adults and Clinical care attendance 5 NA
reminders adolescents
Liu etal (2020)* Diabetes, type2or  Mobile apps Adults Bodyweight, BMI, DBP, FBG, HbA,, 21 Cochrane
hypertension (or HDL, SBP, LDL, total cholesterol, waist
both) circumference
Manby etal (2022)*  HIV One-way SMS Adultsinsub-  ART adherence behaviour 6 Cochrane
Saharan Africa
Mikulski et al (2022)#  Hypertension Mobile apps Adults Medication adherence 8 Cochrane
Miller et al (2017)* Asthma SMS and apps Adults and Medication adherence, unscheduled 4 Cochrane
youth visits
Enricho Nkhomaetal  Diabetes, type 2 Mobile apps with  Adults BMI, HbA,. 4 Cochrane
(2021)* DSMES principles
Saffari et al (2014)* Diabetes, type 2 SMS Adults HbA,, 6 Cochrane
Shah et al (2019)* HIV SMS Adults Medication adherence 4 Cochrane
Shaw et al (2020)* Chronic obstructive  Mobile apps Adults Physical function, quality of life 10 Cochrane
pulmonary disease
Shen et al (2018)* Diabetes, type 2 Mobile technology Adults HbA, 8 Cochrane
Snoswell et al (2021)*  Asthma Mobile apps Adults and Quality of life 4 NA
youth
Sua et al (2020)" Heart disease Mobile phone Adults Blood pressure, medication adherence 10 Cochrane
interventions
Tam et al (2021)* Hypertension SMS Adults Blood pressure 11 Physiotherapy
Evidence
Database
(PEDro)
Tam etal (2022)* Hypertension SMS Older people  Blood pressure 6 Cochrane
(aged
260 years)
Taylor et al (2019)* HIV SMS Adults and Appointment adherence, HIV 33 Cochrane
adolescents adherence pill count, HIV adherence
(self-reported)
Verma et al (2021)% Diabetes, type 2 SMS Adults, Asian  Fasting blood glucose, HbA,. 6 Cochrane
Wang et al (2019)* HIV SMS Adults Medication adherence 12 Cochrane
(Table 1 continues on next page)
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Condition Intervention Population Outcomes Number of Risk of bias
included  assessment
studies

(Continued from previous page)
Wu etal (2017)* Diabetes, type 1or  Mobile apps Adults HbA,, severe hypoglycaemia 12 Cochrane

type 2

Xuand Long (2020)*  Hypertension Mobile apps Adults Blood pressure, medication adherence 5 Cochrane
Xuetal (2021)* Coronary heart SMS and apps adults BM|, total cholesterol 5 Cochrane
disease
Yang et al (2021)*® Diabetes, type 2 WeChat app adults, fasting plasma glucose, 2-h plasma 38 Cochrane
Chinese glucose, HbA,, self-efficacy (in diet,
exercise, medication adherence,
monitoring blood glucose, and foot
care)
Zhang et al (2022)*° Diabetes, type 2 SMS adults HbA, 6 Cochrane

For meta-analyses that included more than one chronic condition, only those that reported effect sizes corresponding to specific condition were included. NA under the risk
of bias column indicates no available risk of bias assessment from the meta-analysis was reported; Cochrane indicates the meta-analysis used Cochrane Risk of Bias tool to
assess risk of bias. ART=antiretroviral therapy. DBP=diastolic blood pressure. DSMES=diabetes self-management, education, and support. FBG=fasting plasma glucose.

HbA, =glycated haemoglobin. NA=not available. SBP=systolic blood pressure.

Table 1: Characteristics of included meta-analyses

Number of RCTs

=

1 87

Figure: Number of primary RCTs mapped by country
RCT=randomised controlled trial.

occurred in high-income (n=95, 40%) and upper-middle-
income countries (n=100, 42%), with only 37 (15%) taking
place in lower-middle-income countries and eight (3%)
in low-income countries. Interventions lasted a median
6 months (range 0-5-24 months).

Risk of bias within studies

Most meta-analyses (k=30; 88%) used the Cochrane Risk
of Bias tool to evaluate RCTS risk of bias, although
one (3%) used the Physiotherapy Evidence Database, and
three (9%) did not evaluate the risk of bias (table 1). The
appendix (p 3) presents a summary of bias assessment of
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the primary RCTs from meta-analyses that reported data
(e, 193/235 RCTs; 82%). Incorrect or insufficient
masking of personnel and participants (n=125, 53%),
incorrect or insufficient masking of study outcome
assessment (n=52, 22%), and incomplete outcome
data (n=40, 17%) were the three areas with the highest
risk of bias. The appendix (pp 38—46) presents available
Cochrane Risk of Bias for the primary RCTs.

Risk of bias across studies
Of the 64 representative effect sizes, a total of
ten evaluated publication bias (16%) in the
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corresponding analysis, in which nine (14%) of them
reported no publication bias (eg, from Egger’s test).

Representative effect sizes from individual studies

A total of 89 effect sizes were extracted from the 34 eligible
meta-analyses (appendix pp 47-50). A total of 64 unique
representative effect sizes were identified, including
31 standardised effect sizes and 33 unstandardised effect
sizes. Table 2 presents these effect sizes along with corre-
sponding 95% ClIs, PICO categories, heterogeneity (I2),
publication bias, and strength of evidence per umbrella
review methodology.” Additionally, GRADE was reported
when it was evaluated in the meta-analysis.

Moderators

We summarise the results from nine moderator tests
that were done specific to a chronic disease in table 3.
Conditions represented include cardiovascular disease,”
hypertension,”™” and type 2 diabetes.* Significant mod-
erators included sample characteristics (eg, age, baseline
BMI, baseline HbA,, or Asian vs non-Asian population)
and intervention characteristics (eg, study duration, dose,
or SMS vs non-SMS delivery), although many were not
consistently significant across meta-analyses or PICOs.
Full details of all moderation tests are presented in the
appendix (pp 51-53).

Adverse events

Only two of 34 meta-analyses (6%) reported adverse
events. In a meta-analysis focused on type 1 and type 2
diabetes,™ risk of severe hypoglycaemia from four trials,
including three RCTs on type 1 diabetes and one on
type 2 diabetes (risk ratio 1-07; 95% CI 0-23-5-09), and
overall hypoglycaemia from three trials, including
two RCTs on type 1 diabetes and one on type 2 diabetes
(1-62; 0-48-5-40), did not differ between mobile phone
and usual care conditions. A meta-analysis that focused
on type 2 diabetes for Chinese adults® noted that
incidence of hypoglycaemia after 6 months from
five primary studies and incidence of diabetic complica-
tions (eg, diabetic neuropathy or diabetic ketoacidosis) in
three primary studies was lower in the mobile phone
intervention group than usual care group, although an
effect size was not reported.

Discussion
This umbrella review examined the effectiveness of
mobile phone interventions across populations with
chronic diseases. We analysed 34 meta-analyses of
235 RCTs that included a wide range of chronic health
conditions (eg, diabetes, cardiovascular conditions, and
HIV or AIDS) and represented 48957 participants in
52 countries. Major findings are summarised in panel 2.
Among 64 representative effect sizes, only one was
convincing (class 1), four were highly suggestive+
(class 2+), five were highly suggestive (class 3), four were
suggestive (class 4), 23 were weak (class 5), and 27 were

non-significant. The convincing effect, requiring a large
sample (n=1000), low p value (p<10¢), no publication
bias, and low heterogeneity (12<50%), was the effect of
mobile apps in reducing HbA, among adults with type 2
diabetes. This effect was of moderate magnitude
(d —0-44; 95% CI -0-59 to —0-29). The four highly sug-
gestive+ effects met all requirements for the convincing
category (class 1), but publication bias was untested.
These effects involved apps and SMS, and outcomes on
medication adherence (SMS interventions for HIV and
AIDS in sub-Saharan Africa® and app interventions for
cardiovascular disease®), reduction in HbA,. (in type 2
diabetes*), and blood pressure reduction (systolic blood
pressure [SBP] reduction via SMS interventions in older
adults®). Similarly, the five highly suggestive effects
were the effect of SMS and app interventions for HbA,
reduction (in type 2 diabetes”), 2 h plasma glucose and
fasting glucose (in type 2 diabetes®), blood pressure (in
hypertension®), and therapy adherence outcomes (in
HIV or AIDS*).”*** These findings support the conclu-
sion that mobile phone interventions could be especially
effective on outcomes that can be facilitated and
modified by self-management behaviours, such as medi-
cation adherence, glucose management, and blood
pressure control.

Almost half (42%) of the effects were non-significant.
Although mobile apps might be effective for glucose
management for patients with type 2 diabetes,* effects
on BMI*** and bodyweight* were non-significant.
Similarly, one-way SMS had highly suggestive+ effects
for antiretroviral therapy adherence among adults with
HIV in sub-Saharan Africa,” yet two effect sizes for SMS
for medication adherence among people with HIV
(without a specific regional focus) were non-significant
(despite large sample sizes, n >1000).”* Taylor and col-
leagues suggested that findings might vary based on
measurement type (eg, suggestive effect for self-reported
adherence, yet non-significant effect for adherence by pill
count),” which underscores the need for multimodal
assessment in future RCTs. Notably, non-significant
results do not necessarily mean no efficacy. Moreover,
significant effects in one domain do not necessarily
mean effects were reliably larger than another domain.
Non-significant results could be related to smaller study
sizes (eg, for asthma, COPD, and osteoporosis); this
highlights the need for larger clinical trials.

Moderator tests can reveal characteristics of the
intervention and participants that affect efficacy and so
provide a more clinically relevant understanding of
outcomes. Unfortunately, of the 92 effect sizes reviewed,
moderators were tested for only nine (10%). There was
evidence for variation in effect sizes across levels of some
moderators examined. Significant moderators included
intervention type (eg, SMS delivery had better outcomes
than apps on self-efficacy for adults with type 2 diabetes
than usual care*) and frequency (SMS interventions that
delivered messages >1 per week compared with
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Condition Population Intervention  Outcome Moderators tested Significance Description (for significant
effects)
Gandhietal Cardiovascular Adults SMSandapps  Medication Publication language Not significant
(2017)* disease adherence
Aminuddin  Diabetes, Adults SMSandapps  Self-efficacy Delivery method; study duration; baseline All three moderators Patients who had SMS delivery,
etal (2021)* type2 HbA, were significant <6 months of study duration, and
<8% baseline HbA, had larger
effect sizes on self-efficacy
improvement
Caietal Diabetes, Adults Mobile apps BMI Baseline BMI; Asian vs non-Asian population; Agewas asignificant  Age was associated with BMI
(2020)* type 2 app functionalities (exercise recording, diet moderator; all other changes (p=0-03, populations with
recording, weight recording, and glucose moderators were not  older age had a bigger BMI
recording); sample age; glycaemic control; significant reduction)
proportion of male to female participants;
diabetes duration; intervention duration
Caietal Diabetes, Adults Mobile apps Bodyweight Baseline BMI; Asian vs non-Asian population;  Baseline BMIand Patients with obesity (BMI >30,
(2020)*° type 2 app functionalities (exercise recording, diet ethnicity were compared with those BMI <30,
recording, weight recording, glucose significant moderators; p=0-001) and non-Asian
recording); sample age; glycaemic control; all others were not population (compared with Asian,
proportion of male to female participants; significant p=0-001) had higher bodyweight
diabetes duration; intervention duration reduction
Caietal Diabetes, Adults Mobile apps Waist Baseline BMI; Asian vs non-Asian population; ~ None were significant
(2020)* type 2 circumference  app functionalities (exercise recording, diet
recording, weight recording, glucose
recording); sample age; glycaemic control;
proportion of male to female participants;
diabetes duration; intervention duration
Tametal Hypertension  Adults SMS DBP reduction  Trial duration (<6 months or =7 months); SMS  Frequency of SMSwas ~ SMS interventions that had
(2021)* intervention characteristics, including asignificant frequency of >1 per week were
directionality (one-way or two-way), moderator; all others ~ more effective in DBP reduction
frequency (>1 per week or <1 per week), and were not significant compared with those with a
with or without health education content frequency of <1 per week
(subgroup difference p=0-01)
Tametal Hypertension  Adults SMS SBP reduction  Trial duration (<6 months or =7 months); SMS  Frequency of SMSwas  SMS interventions that had
(2021)* intervention characteristics, including asignificant frequency of >1 per week were
directionality (one-way or two-way), moderator; all others ~ more effective in SBP reduction
frequency (>1 per week or <1 per week), and were not significant compared with those with a
with or without health education content frequency of <1 per week
(subgroup difference p=0-02)
Tametal Hypertension ~ Older adults  SMS DBP reduction  Trial duration (3 months or 6 months); SMS None were significant
(2022)* intervention characteristics, including
frequency (>1 per week or <1 per week), and
with or without health education content
Tametal Hypertension ~ Olderadults  SMS SBP reduction  Trial duration (3 months or 6 months); SMS None were significant
(2022)* intervention characteristics, including

DBP=diastolic blood pressure. HbA, =glycated haemoglobin. SBP=systolic blood pressure.

frequency (>1 per week or <1 per week), and
with or without health education content

Table 3: Summary of moderator tests in included meta-analyses

e866

<1 per week were more effective in diastolic blood
pressure [DBP] and SBP reduction than usual care).”
Some sample characteristics also showed moderating
effects (eg, age, ethnicity, and baseline biomarkers).*
Mobile phone interventions probably do not work equally
for everyone even within the same PICO. These
approaches have the advantage that they can, in theory, be
customised to better support the unique needs of each
person at scale. Testing moderators in meta-analyses
(especially in individual patient data meta-analyses),”
conducting pragmatic clinical trials, and engaging in
dissemination and implementation-focused studies could
all help optimise delivery.

Close to half of the evidence came from the literature
focused on type 2 diabetes (29 of 64 representative effect
sizes; 45%), reflecting the uneven level of research
maturity across chronic diseases. The effect sizes for
type 2 diabetes outcomes are similar to previous umbrella
reviews,”” yet the representative effect sizes and hetero-
geneity tended to be smaller in our review, with a larger
number of studies available in the current analysed litera-
ture. Given that previous summaries of the area of
mobile phone health interventions focused on diabetes-
related conditions, this umbrella review provides key
information on the utility of mobile health interventions
across conditions, medical outcomes, and populations.

www.thelancet.com/digital-health Vol 6 November 2024



Review

Results also highlight an uneven distribution of study
settings. The majority of primary RCTs were based in
high-income (40%) and upper-middle-income (42%)
countries, with fewer than 20% conducted in LMICs.
More than 85% of the evidence comes from Asia, Europe,
and North America, with little research in the global
south. As low-income countries have been experiencing
an epidemiological transition from communicable
diseases to non-communicable diseases,’ these findings
represent an important missed opportunity to address
the global burden of chronic diseases.** Epidemiological
data suggest there will be drastic increases in disability
and premature death due to chronic diseases by 2040 in
LMICs and the global south (eg, Ethiopia, Bangladesh,
Myanmar, and Brazil), regions that also lack resources
and preparedness.* Investment in research for these
regions, infrastructure (eg, satellite connectivity, free
internet hotspots, and low-cost mobile phones), and
education (eg, digital literacy training) will support the
success of mobile phone interventions in areas where the
effect could be greatest.

As mobile phone interventions become increasingly
used in routine medical care, evaluating safety is
essential. A review of safety concerns with consumer-
facing health apps also suggests the need for rigorous
and standardised reporting of adverse events.” However,
only two meta-analyses in our review evaluated adverse
events, and both focused on diabetes.*** Compared with
usual care, neither meta-analysis found increased risk
for adverse events with mobile phone interventions, and
Yang and colleagues provided a narrative summary
showing that there was a lower incidence of medical
complications for patients in mobile app interventions,”
indicating the potential of mobile phone interventions in
preventing some negative outcomes. However, the
scarcity of data on adverse events makes it challenging to
assess the clinical risks and benefits of mobile phone
interventions.

There are several limitations to the current review and
gaps in the meta-analytical and RCT literature (panel 2).
First, as an umbrella review, our evaluation of evidence
is limited by the available meta-analyses. Although we
evaluated 34 meta-analyses, there is an uneven maturity
in evidence across chronic diseases. For instance,
results for several conditions that had few participants
included in the primary RCTs (eg, osteoporosis and
coronary heart disease) were graded as weak. The effects
of interventions should be further evaluated when
larger clinical trials and updated meta-analyses are
available. Second, to avoid combining comparison con-
ditions, we excluded effect sizes that mixed control
types (ie, combining active and inactive control
condition types). Future meta-analyses should carefully
review and categorise comparison conditions to support
a clear understanding of the efficacy of mobile phone
interventions in the context of specific comparisons.®
Third, the scarce testing for publication bias could have

www.thelancet.com/digital-health Vol 6 November 2024

Panel 2: Key gaps identified in the umbrella review and potential solutions

Meta-analytical level

+ Mixof control conditions (eg, usual care vs other active interventions) in analysis: do
separate analyses to calculate aggregated effect sizes for RCTs that compared mHealth
to usual care or augmented usual care vs those that compared mHealth to other active
interventions (eg, other mobile phone programmes or health education
interventions); use a typology system® to code the strength of control condition in
large meta-analysis with variations of primary RCTs.

« Scarcity of publication bias testing: test and report publication bias (eg, Egger’s test) in
all meta-analyses.

« Little testing for moderators: explore moderators in future meta-analyses with
enough studies, including sample demographics (age, gender or sex, race and
ethnicity, education, etc); sample disease characteristics at baseline (eg, duration of
disease and relevant baseline health characteristics such as weight); study
characteristics such as region (eg, LMIC vs non-LMIC settings) and study duration;
intervention characteristics including use of theory, features such as motivation, self-
monitoring, goal setting, and dosing or frequency.

» Little evaluation on AEs: code RCT studies’ reporting of AEs (eg, whether AEs were
evaluated and the ratio it was reported to not reported) and include AEs in systematic
reviews and meta-analyses.

Primary RCT study level

» Little evidence in low-income and lower-middle-income countries and the global
south: allocate research funds in these regions; foster research networks related to
mHealth for addressing the burden of global chronic disease in LMICs and the global
south; establish task forces or commissions to accomplish research goals in this area.

+ Scarcity of research focused on youth: encourage RCT research on mHealth for youth
affected by chronic disease (eg, asthma, diabetes type 1, and epilepsy).

»  Little research focused on several chronic conditions (eg, cancer, stroke, chronic lung
disease, Alzheimer’s disease, and chronic kidney disease): encourage research
development on mHealth for patients with these conditions and understand their
efficacy in relevant outcomes (eg, health outcomes, self-management, and quality of
life).

« Little assessment of long-term effect of mobile phone interventions: design RCT
studies with follow-up assessments that go beyond post-intervention timepoint and
include long-term assessments (eg, a year and beyond).

»  Needto increase RCT quality and reduce risk of bias: report study protocols on
allocation concealment and masking of outcome assessment; masking of personnel
might be possible when compared with other active interventions; preregister RCTs
and all outcomes; use intent-to-treat analysis.

» Little reporting on AEs: gather data on AEs during and after the RCT and describe
incidences of them, including those associated with the intervention or app and
phone usage; incidence of medical complications and other adverse medical outcomes
should also be recorded and reported to evaluate the safety of mobile phone
interventions and their potential in preventing complications.

AE=adverse event. LMIC=low-income and middle-income country. mHealth=mobile health. RCT=randomised controlled trial.

caused an underestimation of evidence certainty for
some effects. Although it is suggested that publication
bias should be routinely done in meta-analyses, issues
such as small sample size and substantial heterogeneity
can negatively affect the power to detect publication
bias.”** Fourth, we used the Fusar-Poli and Radua”
method for this umbrella review, which does not
consider risk of bias and “optimal size information
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Framework repository see
https://osf.io/s2t67/

criterion” when evaluating the strength of evidence
from meta-analyses.® We could not convert mean differ-
ences to standardised mean differences in instances in
which SDs were not reported. Although mean differ-
ences might have more clinical relevance (eg, percentage
change in HbA,), the reporting of only mean differences
introduces challenges in interpreting the magnitude of
effects. Fifth, the search strategy could have been more
exhaustive. For instance, we did not use Medical Subject
Headings terms. In addition, as we used “meta-analy*”
as one of the terms to identify studies, reviews that
conducted meta-analyses but did not report this term in
the title or abstract could have been missed. Only meta-
analyses available in English were included, which
might have not captured the full literature. Sixth, few
meta-analyses tested moderators. Future meta-analyses
will ideally examine various aspects of the sample and
intervention characteristics, including the use of theory
in intervention development as moderators. Relatedly,
as mobile phone interventions can involve multiple
components (eg, in-person counselling, phone calls,
and supplemental materials), it is possible that these
features affect results yet were not captured in
moderator tests. In addition, little reporting on adverse
events limits understanding of the safety of mobile
phone interventions. Various gaps also exist on the
primary RCT level, including (as noted previously) little
evidence in LMICs and the global south, research
focused on youth, and other prevalent chronic diseases
(eg, cancer, stroke, or chronic kidney disease). There is
also a scarcity of knowledge on the sustainability of
mobile phone interventions’ effects, which warrants
RCTs assessing outcomes in long-term follow-ups (eg,
1year or longer).

This umbrella review included ten chronic conditions
and a wide range of physical (eg, blood pressure, weight,
and HbA, ), behavioural (eg, medication adherence), and
psychological (eg, quality of life) health outcomes.
Strengths of this approach include capturing a broad
range of conditions and health outcomes, categorisation
of the strength of the evidence, and assessment of mod-
erators. In summary, current evidence suggests that
mobile phone interventions could support various health
outcomes amenable to self-management (eg, medication
adherence). The magnitude of effects tends to be
moderate compared with usual care alone. In real-world
clinical care, the add-on effect of mobile phone interven-
tions in combination with routine medical care could
make clinically relevant differences for patients. This
possibility presents a promising view of mobile phone
interventions in the future of medical care for patients
with chronic diseases.
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