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ARTICLE INFO ABSTRACT

Keywords: Objective: This review aimed to examine how mobile health (mHealth) to support integrated people-centred
mHe_alth health services has been implemented and evaluated in the World Health Organization (WHO) Western Pa-
mobile health cific Region (WPR).

digital health

Health Methods: Eight scientific databases were searched. Two independent reviewers screened the literature in title and
eneal

integrated care abstract stages, followed by full-text appraisal, data extraction, and synthesis of eligible studies. Studies were

primary care extracted to capture details of the mhealth tools used, the service issues addressed, the study design, and the

person-centred care outcomes evaluated. We then mapped the included studies using the 20 sub-strategies of the WHO Framework on
Integrated People-Centred Health Services (IPCHS); as well as with the RE-AIM (Reach, effectiveness, adoption,
implementation and maintenance) framework, to understand how studies implemented and evaluated
interventions.
Results: We identified 39 studies, predominantly from Australia (n=16), China (n =7), Malaysia (n =4) and
New Zealand (n=4), and little from low income countries. The mHealth modalities included text messaging,
voice and video communication, mobile applications and devices (point-of-care, GPS, and Bluetooth). Health
issues addressed included: medication adherence, smoking cessation, cardiovascular disease, heart failure,
asthma, diabetes, and lifestyle activities respectively. Almost all were community-based and focused on service
issues; only half were disease-specific.
mHealth facilitated integrated IPCHS by: enabling citizens and communities to bypass gatekeepers and directly
access services; increasing affordability and accessibility of services; strengthening governance over the access,
use, safety and quality of clinical care; enabling scheduling and navigation of services; transitioning patients and
caregivers between care sectors; and enabling the evaluation of safety and quality outcomes for systemic
improvement.
Evaluations of mHealth interventions did not always report the underlying theories. They predominantly re-
ported cognitive/behavioural changes rather than patient outcomes. The utility of mHealth to support and
improve IPCHS was evident. However, IPCHS strategy 2 (participatory governance and accountability) was
addressed least frequently. Implementation was evaluated in regard to reach (n=30), effectiveness (n = 24);
adoption (n = 5), implementation (n =9), and maintenance (n=1).
Conclusions: mHealth can transition disease-centred services towards people-centred services. Critical appraisal
of studies highlighted methodological issues, raising doubts about validity. The limited evidence for large-scale
implementation and international variation in reporting of mHealth practice, modalities used, and health do-
mains addressed requires capacity building. Information-enhanced implementation and evaluation of IPCHS,
particularly for participatory governance and accountability, is also important.
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1. Introduction
1.1. Background

The global move towards achieving Universal Health Coverage
(UHC) and the Sustainable Development Goals (SDGs) requires a
fundamental shift towards integrated healthcare systems. [1] This vision
of ‘Integrated care’ has been defined as a “coherent set of methods and
models on the funding, administrative, organisational, service delivery and
clinical levels designed to create connectivity, alignment and collaboration
within and between the cure and care sectors.” [1] To guide the transition
towards this care model, the World Health Organization (WHO)
Framework on Integrated People-Centred Health Services (IPCHS)
called for five critical shifts in health system: empowering and engaging
people, strengthening governance and accountability, reorienting the
model of care, coordinating services within and across sectors, and
creating an enabling environment. [2] Each shift includes further
sub-strategies (Table 1).

Digital Health includes the use of mobile health (mHealth) appli-
cations, social media and health information systems and data. With the
Internet of Things (IoT), it improves the data flow and interface between
self-care, home-based services, primary care, ambulatory care, outreach
services, and hospital-based curative and palliative services. This can
empower patients and caregivers to transition easily between care sec-
tors, with patient-centred models of care. An overarching framework for
digital health is described in the WHO National eHealth Strategy Tool-
kit, [3] supported by a WHO Global Strategy on Digital Health
(2020-2024) [4], WHO Classification of Digital Health Interventions [5]
and WHO Guideline on Digital Health implementation [6]. These doc-
uments set the stage for the broader work undertaken in this review.

A 2018 practice brief for implementation of the IPCHS framework on
the ‘continuity and coordination of care’, described the important role of
mHealth in “technology-enabled care”, “home and mhealth moni-
toring”, and “self-management platforms”. [7] mHealth has a significant
role in ensuring the continuity of care through the use of synchronized

Table 1
Strategies and sub-strategies of the IPCHS Framework [2]

IPCHS Strategy IPCHS sub-strategies

1.1 Engaging and empowering individuals and
families

1.2 Engaging and empowering communities
1.3 Engaging and empowering informal carers
1.4 Reaching the underserved & marginalized
2.1 Bolstering participatory governance

2.2 Enhancing mutual accountability

3.1 Defining service priorities based on life-
course needs, respecting social preferences
3.2 Revaluing promotion, prevention and

Strategy 1: Engaging and
empowering people &
communities

Strategy 2: Strengthening
governance & accountability

public health
Strategy 3: Reorienting the model 3.3 Building strong primary care-based
of care systems

3.4 Shifting towards more outpatient and
ambulatory care
3.5 Innovating and incorporating new
technologies
4.1 Coordinating care for individuals
4.2 Coordinating health programmes and
providers
4.3 Coordinating across sectors
5.1 Strengthening leadership and
management for change
5.2 Strengthening information systems and
knowledge
Strategy 5: Creating an enabling 5.3 Striving for quality improvement and
environment safety
5.4 Reorienting the health workforce
5.5 Aligning regulatory frameworks
5.6 Improving funding and reforming
payment systems

Strategy 4: Coordinating services
within and across sectors
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shared health records (informational continuity) to enable and support
shared care among carers (management continuity); is a key component of
care coordination, where it acts as a ‘system enabler’ that promotes
information transfer, data sharing and governance to enable shared care
among settings (sequential coordination); and, through its ubiquity,
ensure that decision support and risk prediction tools are available at the
point of care to inform care decisions. Labrique et al identified 12
common mHealth applications for health systems strengthening in the
reproductive health continuum [8]; however, this did not specifically
include integration or coordination of care.

1.2. The Digital Health ecosystem in the Western Pacific Region

The 2018 report on Primary Healthcare in the Western Pacific
described mHealth as an “important strategy to promote patient-centred
care, especially in lower-income countries where large-scale ICT infra-
structure may be less common.” [9] mHealth is anticipated to play a
significant role in healthcare in the Western Pacific [10], and regional
leadership is progressing the groundwork for this growth [11]. Using the
Control OBjectives for Information and related Technologies 5 (COBIT
5) guidelines, the Asian eHealth Information Network (AeHIN), Asian
Development Bank (ADB) and WHO have established the Health Infor-
mation Governance Architecture Framework 2.0 (HIGAF 2.0) [12]. to
guide governance of digital health enterprises that grow and ‘institu-
tionalise’ mHealth innovations [13]. The WPR has a mixture of
high-income, lower-and-middle income and low-income countries. It is
believed that mHealth implementation in the WPR will offer lessons of
relevance to nations of all development stages/groups. Lessons learned
from digital health implementation in the WPR can inform similar
programs in other global regions.

1.3. Objective

This international review aimed to inform the WHO initiative on
‘Harnessing eHealth for Integrated Service Delivery in the Western Pa-
cific Region (WPR)’ [14] with a focus on the needs of the countries in the
western pacific.

The research questions are:

1 How has mHealth been implemented and evaluated for IPCHS in the
WPR?

2 What lessons were learned to guide mhealth implementation for
IPCHS in the WPR?

2. Methods

The review methods were developed by adapting PRISMA systematic
review guidelines for reviewing complex interventions through iterative
discussion among the authors. The following selection criteria were
applied (Table 2):

To identify relevant studies, we searched the Medline, PubMed,
EMBASE, Cochrane, CINAHL, Global Health, SCOPUS and Web of Sci-
ence databases. Keywords, search strategy, and search strings used can
be found in Appendices S1 and S2. After combining search results in
EndNote X7, we searched for and removed duplicates. [15] Subse-
quently, two independent reviewers examined the title, abstract and full
text to identify studies that met the inclusion criteria. Screening of titles
and abstracts were performed together, and abstracts that were
approved by either of the two reviewers were moved to full-text
screening stage. In full-text screening, both reviewers had to approve
for a study to be included. Disagreements were resolved through
consensus by discussion or through arbitration by a third reviewer.
Included studies were critically appraised using tools based on the study
design; details on the critical appraisal of included studies, tools, and
outcomes may be found in Appendix S3.

Evaluating complex interventions requires attention to the contexts
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Table 2
Selection criteria

Inclusion criteria Exclusion criteria

Primary research studies

Studies conducted in countries within
the WPR only.

Studies published between 1 January
2008 and 31°* December 2018
Literature which describes the
implementation and evaluation aspects
of mHealth, including those which
describe capability maturity and
readiness

mHealth used in either prevention,
treatment, rehabilitation, palliative
care or health promotion

Studies of wearables, point of care
devices, Interactive voice response
systems (IVR), General Packet Radio
Service (GPRS), Bluetooth, global
positioning system (GPS) etc.

Non-English literature

Editorials, commentaries,
perspective/debate articles, Review
protocols

Grey literature (i.e. papers not
published in academic, peer-
reviewed journals)

Literature which describes design
and development aspects of mHealth
such as feasibility, technical
evaluations, usability testing, design
process studies

Studies where the key intervention
was email reminders

in which they are implemented. [16] This is because an intervention
may work by different mechanism in different contexts. As integrated
care is a complex intervention, [17] our data extraction used the ‘CIMO’
(Context-Intervention-Mechanism-Outcome) framework. We have
experience with this recommendation for systematic reviews of complex
interventions [16,18]. This data extraction framework was pilot tested
on exemplar studies and revised iteratively to extract the following
details:

- Context: (i.e. the country, study setting, relevant clinical speciality)
- Intervention (i.e. The mHealth modality used, and health problem
and service issue addressed)
- Mechanism: (i.e. which strategies and sub-strategies of the WHO’s
IPCHS framework were addressed;(2)
- Outcome:
o Outcomes as reported by the study
o Methodological approach for evaluating outcomes: study design,
number of participants, which processes/outcomes were studied,
any use of theory-based approaches to evaluation, and which
components of the RE-AIM framework were addressed by the
study. [19]

Critical appraisal and data extraction were performed by two re-
viewers working independently; disagreements were resolved through

International Journal of Medical Informatics 142 (2020) 104259

consensus by discussion, and/or arbitration by a third reviewer where
required. Assignment of value judgements (e.g. which strategies/sub-
strategies of the IPCHS framework were addressed; and which compo-
nents of the Reach, Effectiveness, Adoption, Implementation, Mainte-
nance (RE-AIM) framework were addressed by the study) were
performed by two reviewers working independently; disagreements
were resolved through consensus by discussion, and/or arbitration by a
third reviewer where required. In this way, we ensured that determi-
nation of how an IPCHS strategy/RE-AIM component was addressed was
not arbitrary, but verified and agreed through consensus by multiple
reviewers. The findings were synthesised and reported according to
categories determined by to the CIMO framework.

3. Results

As illustrated in Fig. 1, 1063 abstracts were screened after the
removal of duplicates. Following the two stages of screening, 39
research articles were finally included. The study characteristics of
included studies are outlined in Table 3.

3.1. CONTEXT: Country and setting in the Western Pacific Region

Almost all studies were conducted in the community setting; only
two were hospital based. [21,56] Studies were conducted across various
WPR countries (Table 3), with most being conducted in Australia
(n=16), followed by China (n=7). Notably, Mongolia, Brunei Dar-
ussalam, Laos, Japan, and most of the Pacific Island Countries were not
represented in the literature reviewed. Details may be found in Sup-
plementary File B.

o Australia: Australian research comprised over a third of the studies
in this review. Studies were mostly RCTs (n=7), and qualitative
(n=4). There was emphasis on non-communicable diseases (NCDs)
such as smoking (n = 4), cardiovascular disease (CVD) (n = 3). Text
messaging (n =7), mobile applications (n=5), and voice calling
(n = 3) were frequently used.

e China: Research focused primarily on NCDs (e.g. CVD, diabetes,
HIV, haemophilia), using both mobile applications and text
messaging. Study designs were mainly experimental and cross-
sectional in nature.

e Malaysia: Malaysian mHealth research emphasised text-messaging
services to address issues of epilepsy, and (demand-based) service
issues of patient compliance, exclusively using experimental study
designs.

Records identified through database searching: (n = 1219)

}

Records after duplicates removed: (n = 1063)

.

Records screened (Title/Abstract): (n = 1063)

A 4

Records excluded (Title/Abstract): (n =

A 4

Full-text articles assessed for eligibility:
(n=10321)

Full-texts excluded:

|

Full-texts included:

Y

Fig. 1. PRISMA diagram illustrating the screening process.
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Table 3
Included studies by country, and the health issues, services issue and mHealth
tools
Country Study ID mHealth Health problem  Service issue
N) tool/ addressed addressed
modality
used
Balmford .
etal., 2013 Text . Smoking Behavioural
h messaging change
[20]
Sharing
Bangash Mobile app / patient info
et al., 2016 NS
. web portal among health
[21]
workers
Bensink et al., . . L. Self-
2009 [22] Video calling Palliative care management
Boland et al., Text Smokin Behavioral
2017 [23] messaging oking change
. . Mobile
Elliott et al., Mobile app / NS medication
2016 (24) web portal
management
Transition
from
Gunn et al., Mobile app / -
2016 [25] web portal NS paediatric to
adult
healthcare
Halcomb e
et al., 2015 Voice calling ~ Smoking Task-shifting
to nurses
[26]
Australia Haller et al. Text
’ N h
(n=16) 2009 [27] messaging s Researc
Partridge ;zxstsa in, Lifestyle
etal,, 2016 BBING - Gbesity e
Mobile app / modification
[28]
web portal
Tonkin et al., Mobile app / Cardiovascular Task-shifting
2009 [29] web portal disease to nurses
Varnfield Text . .
messaging, Cardiovascular Self-
etal., 2014 . .
[30] Mobile app / disease management
° web portal
Worringham Mobile app / .
web portal, Cardiovascular Self-
et al., 2011 N
[31] GPS/ disease management
Bluetooth
Wright et al., Text . Behavioral
Alcohol
2016 [32] messaging conotism change
Xu et al., IVR, Text Asthma Self-
2010 [33] message management
Yelland et al., Point of Care Cardiovascular Diagnostics
2010 [34] Testing disease 3
Young et al., . . . Task-shifting
2008 [35] Voice calling Smoking to nurses
Dai et al., Text Glaucoma Self-
2017 [36] messaging management
Fang et al., Text Cardiovascular Medication
2016 [37] messaging disease adherence
Hartman .
et al., 2014 Mobile app / NS Diagnostics
. web portal
China L8]
=7 Ma et al., Text Haemonhilia Self-
N 2012 [39] messaging P management
Tian et al., Mobile app / Cardiovascular Lifestyle
2012 [40] web portal disease modification
Wong et al., Text . Lifestyle
2013 [41] messaging Diabetes modification
Xiao et al., Text HIV Medication
2014 [42] messaging adherence
Khonsari Text Cardiovascular Self-
etal., 2015 . .
[43] messaging disease management
Malaysia Liew et al., Text NS 231}; iﬁzce to
m=4) 2009 [44] messaging P
plan
Lua et al., Text Epilens Self-
2012 [45] messaging priepsy management
Epilepsy
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Table 3 (continued)

Country Study ID mHealth Health problem Service issue
N) tool/ addressed addressed
modality
used
Lua et al., Text Self-
2013 [46] messaging management
Dale et al., Text Cardiovascular Self-
2015 [47] messaging disease management
Larkin et al., Text NS Medication
New 2015 [48] messaging adherence
Zealand Wells et al., Point of Care Cardiovascular Diagnostics
(n=4) 2017 [49] Testing disease
Whittaker Text .
. . Behavioural
et al., 2011 messaging, Smoking change
[50] Video calling
Training
Vietnam Gill et al., Text NS Community
(n=2) 2016 [51] messaging Health
Workers
Nguyen et al.,  Text Maternal & Behavioural
2015 [52] messaging child health change
. gg?gg[ggt; L, Voice calling Cleft palate 2:111}:, e‘::;;e to
Cambodia
=z  JanoOlmen . Self-
et al., 2017 . Diabetes
messaging management
[54]
Shin et al., Multimedia Skin disease Diagnostics
Republicof 2014 [55] Messaging
R Kot ¢
2016 [56] Bluetooth
care
Prabhakaran Interactive Self-
Singapore et al., 2010 Voice Asthma management
[571 Response
Kurumop Guideline
Papufl New etal, 2013 Text ‘ Malaria adherence by
Guinea messaging Health
[58]
Workers

Note: NS = Non-specific

New Zealand: mHealth research in New Zealand has focused on
using text-messaging services, in addition to point-of-care devices
and mobile-based video to address issues of cardiovascular care,
smoking and medication adherence, exclusively using randomised
controlled trials.

Vietnam: Vietnamese research focused on addressing health prob-
lems in service areas such as educating community-based physician’s
assistants and for maternal and child health. Studies are experi-
mental in design.

Cambodia: Cambodian research focused on addressing diabetes and
cleft palate issues, using text messaging and ensuring follow-up.
Study designs employed were experimental.

Republic of Korea (South Korea): mHealth research in the Re-
public of Korea has addressed skin disease diagnostic systems, pa-
tient navigation and tools for service procurement. Study designs
were experimental and observational.

Singapore: This RCT used text messaging to address the health issue
of Asthma.

Papua New Guinea: This study used text messaging to ensure
adherence to management guidelines.

Philippines: The Van Olmen et al (2017) study was conducted in the
Philippines as well as in Cambodia. [54]

3.2. INTERVENTIONS: mHealth modalities addressing health problems
and service issues

3.2.1. Health problems

Most interventions specified the health problem they addressed,

although seven interventions (denoted by ‘NS’ in Table 3) were not
directed at a health problem (Table 3). Where health problems were
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specified, these included Cardiovascular disease, [29-31,34,37,40,43,
47,491, smoking, [20,23,26,35,50], Epilepsy [45,46], Asthma, [33,57],
diabetes /pre-diabetes. [41,54], amongst others. Nineteen studies (49%)
were non-specific to a clinical specialty [20,23,28-32,37,40-43,45-47,
50,54,56,57], and nine (23%) focused on primary care.
[262734354449515258]

3.2.2. Service issues

All studies specified a service issue they addressed (Table 3), sug-
gesting that mHealth technolgies were applied across specialties/clin-
ical areas in transdisciplinary ways.

mHealth tools push and pull information as part of interactive de-
cision support systems, providing feedback and guidance to the indi-
vidual as well as the network of providers (e.g. clinicians and coaches),
patients, carers, and families. These may be automated as in the example
of automated and structured telephone supports; and automated text
messaging (either SMS or MMS) daily, weekly or monthly acting as re-
minders, motivators, counsellors/advisors, health coaches, and exercise
facilitators. The vast majority of mHealth interventions used automated
text messaging. Some papers reported on more than one category,
resulting in them being classified among the other categories as well.
[28,30,31,33,50] These mHealth functions contribute to service de-
livery through communication, sharing of personal and health infor-
mation, motivational counselling, feedback, coordination of care,
supporting self-management and timely decision support.

3.3. MECHANISMS: mHealth enabling Integrated People-Centred Health
Services

Several studies illustrated how mHealth addressed the strategies and
sub-strategies of the IPCHS framework with varying degrees of fre-
quency and through different mechanisms (Table 4). IPCHS Strategies 1,
2, 3, 4 and 5 were addressed by 27, 12, 37, 22 and 21 studies respec-
tively. With a focus on systemic supply and demand, usability and
workflow issues associated with implementing mHealth programs,
mHealth tools can support the move away from disease-centred services
towards people-centred services.

To illustrate how mobile technologies can enable IPCHS, we present
two exemplar cases of mHealth for integrated care:

e Yoo et al. (2016), described a ‘Mobile Patient Guide System’ for a
‘Patient-Centred Smart Hospital’. [56] This system employed
Bluetooth-based indoor navigation (with access points), an
Android-based mobile application, and interfaces with the hospital
information system. The system delivered personalised information
to users; and provided scheduling services, information services, an
indoor and outdoor navigation service, and questionnaire surveys.
The study reported that participants reported good usability (67.4%)
and high satisfaction ratings (80%).

A mobile app, ‘Transitionmate’, was used to help young people
(adolescents) with chronic illnesses make the transition from pae-
diatric to adult care. [25] This transition requires patients to assume
greater autonomy and responsibility, typically resulting in deterio-
ration of illness management during adolescence. The smartphone
application was developed to support better self-management
through this intermediate period. The study found that 90% of par-
ticipants would recommend the application to other young people
with a chronic illness (p=0.04), and described it being useful for
tracking medications and health progress, and “creating routine.”

3.4. OUTCOMES: how were mHealth interventions evaluated?

Table 5 outlines which study designs were used to evaluate mHealth
modalities, their evaluative focus, sample size and which components of
the RE-AIM framework were addressed. The first two elements of the RE-
AIM framework were far more frequently evaluated than the last three.

International Journal of Medical Informatics 142 (2020) 104259

Table 4

mHealth tools enabling IPCHS, mechanisms and illustrative studies

IPCHS Sub-strategy

Mechanisms/reasoning for addressing IPCHS

1.1 Engaging and empowering
individuals and families

1.2 Engaging and empowering
communities

1.3 Engaging and empowering
informal carers

1.4 Reaching the underserved &
marginalized

2.1 Bolstering participatory
governance

2.2 Enhancing mutual
accountability

3.1 Defining service priorities
based on life-course needs,
respecting social preferences

3.2 Revaluing promotion,
prevention and public health

3.3 Building strong primary care-
based systems

3.4 Shifting towards more
outpatient & ambulatory care

3.5 Innovating and incorporating
new technologies

4.1 Coordinating care for
individuals

4.2 Coordinating health
programmes and providers
4.3 Coordinating across sectors

5.1 Strengthening leadership and
management for change

5.2 Strengthening information
systems and knowledge

5.3 Striving for quality
improvement and safety

5.4 Reorienting the health
workforce

5.5 Aligning regulatory
frameworks

5.6 Improving funding and
reforming payment systems

Individual responsibility for self-management
[20] [28,30-32,35,43,47,48,57] ; Provision of
education/information/tools (e.g. e-learning)
to enable self-management [32,33,37,46,54,
56,57] ; Engaging families in pediatric care
[22]; Removing unnecessary gatekeepers [30,
31,39]

Battling stigma through messaging [23],

Parents as informal carers [22,33,53]

Low-socioeconomic status [23,53]; at risk
populations [41,42,50] ; children/
adolescents/ young adults [22,25,28,32,33] ;
rural and remote patients [29,39,40,51,52]
Ownership of interventions; [52] ;
Participatory development of interventions
[32]

Accountability of providers to ensure care
quality [51,58] ; Accountability in
self-regulation [23,50] ; Accountability in
illness management [33,37,44,48,57]
Respecting patient preferences [21,22,25,28,
36,39,42,50,53] ; Disease-specific
requirements [37,45,47,57]

Preventing disease & complications [20,23,29,
32,33,41-45,47,50,54,57]

Empowering community health workers [51,
58] ; Empowering primary care nurses [26,33,
35,39]; Primary care research [27,34,41,49,
54]; Managing GP prescriptions [24]

End of life care at home [22]; Outpatient
diagnostics [34,49,55] ; Rehabilitation at
home [29,30,47] ; Outpatient management of
chronic conditions [25,33,37,40,41,43,54,57]
Sharing images to accelerate diagnosis and
management [21,55] ; New technology
augmenting routine management [24,30,31,
34] ; Functional Integration of systems [31,38,
39] ; New technology engaging care recipients
[56]

Arranging follow-up [44,53];
Personalized/tailored management [20,22,25,
28,30-33,50,56,57]

Coordinating programs/providers [26,27,35,
39,40,47,51,52]

Health & social care [51]; Health & education
[52]

Staff trained for leadership & management
[40,52] ; Managing workloads through
leadership & communication [35] ; Changing
approach to outreach [23] ; Performance
incentives for behavioral change by
practitioners [49]

Health management information systems [52]
; Prescribing management systems [24] ;
System security [38] ; ICT systems for relaying
information & feedback [30,31] ; Information
sharing between care providers [21]

Quality improvement measures [27,31,51] ;
Process evaluation [28] ; Testing accuracy [49,
55]

Health worker re-training [30,33,34,40,49,51,
57,58] ; Task shifting to nurses [26,33,35,39,
57] ; Trainings for full ownership of
intervention [49,52] ; Simplified processes for
task shifting to lower skilled providers [49,55]
Changes to CVD guideline: national
performance targets for CVD risk assessment
[49]

Paying staff undertaking shifted tasks [26,39] ;
Integrating payment systems [24]
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Table 5
Details of evaluation of mHealth tools, by study design.

Study Design Study ID mHealth tool(s) N Evaluation Focus RE-AIM
Balmford et al., 2013 Text messaging 3530 CBO R
Dale et al., 2015 Text messaging 123 CBO R
Fang et al., 2016 Text messaging 280 CBO R, E
Gill et al., 2016 Text messaging 638 CBO R, E
Haller et al., 2009 Text messaging 402 CBO R
Khonsari et al., 2015 Text messaging 62 CBO E
Larkin et al., 2015 Text messaging 180 CBO and technical factors R, E
Liew et al., 2009 Text messaging 931 CBO E

. . Lua et al., 2013 Text messaging 136 CBO R, E

Randomised controlled trials (RCT) Prabhakaran et al., 2010 Interactive Voice Response 497 CBO & health outcomes E
Tian et al., 2012 Mobile app / web portal 2236 Health outcomes R, E
Van Olmen et al., 2017 Text messaging 480 Health outcomes R, E
Varnfield et al., 2014 Mobile app / web portal, Text messaging 120 CBO R, E
Wells et al., 2017 Point of Care Testing 7421 CBO and technical factors R, AL
Whittaker et al., 2011 Text messaging, Video calling 226 CBO R, E
Wong et al., 2013 Text messaging 104 Health outcomes R, I
Xu et al., 2010 Interactive Voice Response, Text message 121 Health outcomes & service use R, E
Young et al., 2008 Voice calling 318 CBO R, E
Foong et al., 2012 Voice calling 36 CBO R, E
Gunn et al., 2016 Mobile app / web portal 10 CBO, technical outcomes R, E
Hartman et al., 2014 Mobile app / web portal NA Technical factors 1
Kurumop et al., 2013 Text messaging 42 CBO and technical factors R.E

Quasi-experimental studies Lua et al., 2012 Text messaging 51 CBO R
Ma et al., 2012 Text messaging 700 CBO and technical factors R,E I
Nguyen et al., 2015 Text messaging CBO R AT
Tonkin et al., 2009 Mobile app / web portal 136 Health outcomes E
Worringham et al., 2011 Mobile app / web portal, GPS/ Bluetooth 6 CBO, technical and health outcomes R,E I
Wright et al., 2016 Text messaging 42 CBO R
Bangash et al., 2016 Mobile app / web portal 150 CBO R
Bensink et al., 2009 Video calling 17 Not evaluated R, A

Cross-sectional studies Dai et al., 2017 Text messaging 1487 CBO R
Xiao et al., 2014 Text messaging 801 CBO R
Yoo et al., 2016 GPS/ Bluetooth 43 Technical Factors E
Boland et al., 2017 Text messaging 24 CBO R

Qualitative studies Elliott et al., 2016 Mobile app / web portal 7 CBO REA, I
Halcomb et al., 2015 Voice calling 2390 CBO A LM
Partridge et al., 2016 Mobile app / web portal, Text messaging 214 CBO, technical and health outcomes R

Diagnostic Test Accuracy studies Shin et al., 2014 Multimedia Messaging 100 Technical Factors E
Yelland et al., 2010 Point of Care Testing 572 Technical factors E

Notes: R = Reach; E = efficacy; A = adoption ;I = Implementation ;M = Maintenance. CBO = Cognitive & behavioural outcomes

Thirty studies evaluated intervention reach, such as uptake and
coverage, and some studied barrier and facilitators to this element.
Twenty-four studies evaluated the efficacy of interventions. However,
only five studies evaluated intervention adoption, nine evaluated
implementation, and one evaluated maintenance. Only three studies
explicitly mentioned conducting a process evaluation, [26,28,54] and
one study described the use of a formative evaluation [47]. Of the 39
studies, 28 studies evaluated cognitive and behavioural outcomes; 10
studies assessed technical factors of the mHealth intervention; seven
studies measured health outcomes, and one study measured health
service utilisation. The outcomes reported by each study may be found
in Supplementary file A (Appendix S4 and S5), and Supplementary file
B.

Of the 23 studies which evaluated text messaging, study designs
included RCTs (n=14), quasi-experimental studies (n=>5), cross-
sectional studies (n = 2), and qualitative studies (n = 2). With respect
to components of the RE-AIM framework that were addressed, the
studies evaluated Reach(n =21), Efficacy (n=13), Adoption (n=1),
and Implementation (n=4). Of the 9 studies of Mobile apps / web
portals, study designs included RCTs (n = 2), qualitative studies (n = 2),
quasi-experimental studies (n=4), and one cross-sectional study.
Regarding components of the RE-AIM framework that were addressed,
the studies evaluated Reach(n =7), Efficacy (n=6), Adoption (n=1),
and Implementation (n=3). Of the 3 studies of voice calling in-
terventions, study designs included one RCT, one qualitative study, and
one quasi-experimental study. These three evaluated the following
components of the RE-AIM Framework: Reach(n = 2), Efficacy (n = 2),

Adoption (n = 1), Implementation (n = 1), Maintenance (n = 1).

Theory-based evaluation requires that the researcher explicitly out-
lines the theory/rationale and assumptions being tested in their study (i.
e. the processes by which the outcomes are produced), including how
the outcomes being measured relate to variables within the theory. [59]
This is of particular importance in complex interventions where an un-
derstanding of an interventions’ program logic is essential for devel-
oping a comprehensive evaluation approach (i.e. process as well as
outcome evaluation). Of the 39 studies included, only 10 employed a
theory-based evaluation approach; of which nine were randomised
controlled trails and one was a quasi-experimental trial. Four were from
Australia, two from New Zealand, and one each from Malaysia, China,
Vietnam and Cambodia. Text-messaging was the most utilised mHealth
modality, being used in seven of the trials. Some studies named specific
theories that their program theory and evaluation was based on (e.g.
social cognitive theory, stages of change model), while others only
outlined the program and underlying hypotheses without naming spe-
cific theories. However, all 10 explained the theoretical logic of their
intervention (i.e. how the intervention was expected to produce the
outcomes of interest).

3.5. Study designs and critical appraisal of studies

The 39 studies comprised of 18 randomized controlled trials (RCTs),
10 quasi-experimental studies, two studies of diagnostic tests, five cross-
sectional studies, and 4 qualitative studies. Using the Risk of Bias tool,
16 of the 18 Randomised Controlled Trials scored as ‘high’ risk on at
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least one domain, and 13 scored as ‘unclear’ on at least one domain. [60]
Using the AXIS checklist, none of the five cross sectional studies justified
their sample sizes (question 3) with a power calculation; and it was
unknown if any of the results were internally consistent (question 15)
[61]. The CASP appraisal of Diagnostic Test studies found that one study
was uncertain if all patients got the diagnostic test, but both studies had
potential to generate knowledge that was impactful [62]. Using the
CASP checklist, three of four qualitative studies lacked an in-depth
description of the analytical process, and two did not have a clear
statement of the study findings [63]. However, all studies were found to
be either ‘valuable’ or ‘fairly valuable’. Seven of 10 quasi-experimental
studies were found to have a serious risk of bias (e.g.), [25,29,31,32,39,
53,58] and three did not provide sufficient information to make a
judgement. Details on the critical appraisal of included studies may be
found in Appendix S3 (Supplementary material A).

4. Discussion

We found willingness to adopt mHealth tools despite the lack of
robust evidence from the studies reviewed. There were also no large-
scale implementation and/or evaluation studies reported.

Most publications originated from Australia, China, Malaysia, and
New Zealand. This may be because these countries are focused on in-
tegrated health service delivery. It may also be publication bias due to
the lack of publication outlets in languages other than English.
Addressing this geographical, cultural and socioeconomic variation in
the publication and dissemination of mHealth research and evaluation
activities should be a global priority for the WHO, not just in the WPR.

The health and care issues addressed and reported on varied in di-
versity: chronic health problems, maternal and child health, improving
patients’ hospital experience, and navigation assistance and facilities for
service procurement, and professional education. These variations may
reflect national priorities or, more likely, enthusiasm from local cham-
pions. Coupled with the increased range of use of mHealth, this also
highlighted the increasing emphasis being placed on patients’ experi-
ence, especially in higher income countries like Australia and South
Korea.

We will discuss some details in priority areas of interest below:

4.1. Implementing mHealth for IPCHS in the Western Pacific Region

The WHO Global eHealth Observatory’s third global survey on
eHealth reported that the Western Pacific Region, (together with the
South-East Asian Region) had the fewest countries reporting at least one
type of mHealth intervention in each of the 3 mHealth program cate-
gories (i.e. accessing/providing health services; accessing/providing
health information; collecting health information). [64] However, only
14% of countries conducted any evaluation of government-led mHealth
initiatives [64]. Additionally, addressing the implied lack of evaluation
of mHealth initiatives for IPCHS in Mongolia, Brunei Darussalam, Laos,
Japan, and most of the Pacific Island countries should be a priority.

Our findings that SMS-based interventions were the most frequently
used is broadly reflected across the international literature. [65] While
we found evidence to indicate that mHealth can support IPCHS, quan-
tifiable evidence of the additional efficiencies it brings to the overall
delivery system is lacking. With recent reviews drawing similar con-
clusions [66], more attention needs to be paid to the various factors
required for the integration of mHealth interventions into health sys-
tems [13]. As outlined in the WHO’s “mHealth Assessment and Planning
for Scale” (MAPS) toolkit [67], establishing the scientific basis for an
intervention’s effectiveness is only the first step. We did not assess
cost-effectiveness of mHealth interventions in this review, but an eco-
nomic evaluation would be central to building a solid business case for
the intervention. Decision-makers need cost-effectiveness evidence to
fund scale-up of mHealth interventions for IPCHS [68,69].

Beyond essential financial management and modelling, laying the
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foundation for a sustainable mHealth intervention for delivering IPCHS
requires that sustainable partnerships be forged with the various
stakeholder groups in the development and aid domain. mHealth pro-
jects need to meet standards for data and system interoperability to
enable seamless operations across platforms for all stakeholders. [67]
Cost-effective implementation of mHealth interventions relies on effec-
tive and efficient workforce management along with multidimensional
and iterative monitoring and evaluation protocols. [70]

The 3 studies that addressed IPCHS strategy 2 (strengthening
governance and accountability by bolstering participatory governance
and enhancing mutual accountability) focused on ensuring health
worker’s adherence to guidelines, [58] education of health workers
[51], and prescribing/medication management [24]. Mobile platforms
that facilitate citizen reporting, provider score cards, or grievance
redressal systems can all enable participatory governance and
accountability [71]. Health and mHealth literacy along with citizen and
community engagement are essential to improve access to, and equity
of, care, particularly among vulnerable and underserved populations.
Activated patient and community groups (demand-side) will comple-
ment an activated multidisciplinary health care team (supply-side) to
ensure the access, equity, safety and quality of health services [72].

4.2. mHealth in workforce management for IPCHS in the Western Pacific
Region

We found that mHealth interventions were used for management and
training of the healthcare workforce; specifically for the sharing of pa-
tient information among healthcare workers, [21] the education of
community-based Physician Assistants (i.e. e-learning) [51], and for
ensuring healthcare worker adherence to updates in established man-
agement guidelines [58]. These thematic areas are similar to those
identified by a recent scoping review of Low and Middle Income coun-
tries, which found digital interventions enabled “health worker training,
provider-to-provider communication and professional networking, and
supervision of and performance feedback to health workers.” [73] The
rapid growth of digital literacy, and the entrance of a generation of
‘digital natives’ into the workforce has considerably reduced the ‘digital
divide’, reducing resistance to mHealth approaches and resulting in
more prompt data collection, greater data completeness, fewer errors,
and improved adherence to treatment algorithms. [74]

4.3. Monitoring and Evaluation of mHealth for IPCHS in the Western
Pacific Region

All countries used experimental, descriptive and observational
methodologies, with the higher income countries such as Australia and
South Korea reporting the use of a greater range of methodologies.
Critical appraisal of study quality in this review highlighted issues with
methodological rigour and the validity of findings. More mixed quali-
tative and quantitative methods are essential to address usability, user
and implementation challenges, such as barriers and facilitators,
acceptability in the translation of mHealth policies into implementation.
[75] Research methodologies that incorporate diverse data types into
holistic assessment of systems (e.g. case studies) should be prioritised
[76], and would be a useful indicator of research and evaluation capa-
bility maturity generally. These methods enable a deeper understanding
of the socio-technical mechanisms by which mHealth generally im-
proves context-specific care coordination and continuity processes for
IPCHS. In particular, quantitative measures and metrics that enable
rigorous monitoring offer considerable value for troubleshooting in
quality and efficiency. [7]

4.4. Implications for Practice & Policy

It is important to remember that mHealth itself is not a solution and
should be situated within the broader philosophy of integrated people-
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centred health services (IPCHS). Each nation’s progress towards trans-
formation of their model of health service delivery should be evaluated
regularly in accordance with the strategies of the IPCHS framework. [2]
Regional networks, including digital health expertise, can be formalised
to help design, implement, monitor and evaluate the integration and
people-centredness of health service delivery, while maintaining
comprehensive country digital health profiles on ongoing projects and
lessons learned to facilitate knowledge transfer between projects. Such
an approach has been tried and tested in other WHO regions, and could
be contextualised for application in the WPR. [77]

4.5. Study Limitations

This review did not include non-English, grey and unpublished
literature and non-peer-reviewed studies. This is particularly important
in the WPR where there are multiple non-English speaking countries
with their own digital health journals such as China, Japan, Korea, Laos,
Cambodia and other remnants of the colonial past. The linguistic di-
versity is similar globally, especially in Africa, South America and
Europe. While this paper addresses the role of eHealth and mHealth in
integrated services delivery from a Western Pacific perspective, the
literature surveyed was global.

5. Conclusions

mHealth can transition disease-centred services towards people-
centred services. Critical appraisal of studies highlighted methodolog-
ical issues, raising doubts about validity. The limited evidence for large-
scale implementation and international variation in the reporting of
mHealth practice, modalities used and health domains addressed re-
quires capacity building to address this gap. Information-enhanced
implementation and evaluation of IPCHS, particularly for participa-
tory governance and accountability, is also important.

Tools and training are required to assist health system policy makers,
administrators, managers and clinicians to assess their digital health
maturity, current eHealth initiatives and make informed decisions about
developing, implementing and evaluating new mHealth programs to
support the implementation and evaluation of national health priorities.
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The framework for implementation and evaluation need to be standards-
based to enable systems interoperability and valid comparisons to be
made across different participating health services and systems region-
ally, nationally and internationally. More mHealth interventions should
address improving participatory governance and mutual accountability
in IPCHS. While reach and efficacy are commonly evaluated, more work
needs to focus on the adoption, implementation and maintenance of
mHealth interventions. This should be addressed in future research.
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