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Abstract With the rapid adoption of mobile devices, mobile
health (mHealth) offers the potential to transform health care
delivery, especially in the world’s poorest regions. We sys-
tematically reviewed the literature to determine the impact of
mHealth interventions on health care quality for non-
communicable diseases in low- and middle-income countries
and to identify knowledge gaps in this rapidly evolving field.
Overall, we found few high-quality studies. Most studies
narrowly focused on text messaging systems for patient be-
havior change, and few studies examined the health systems
strengthening aspects of mHealth. There were limited litera-
ture reporting clinical effectiveness, costs, and patient accept-
ability, and none reporting equity and safety issues. Despite
the bold promise of mHealth to improve health care, much
remains unknown about whether and how this will be ful-
filled. Encouragingly, we identified some registered clinical
trial protocols of large-scale, multidimensional mHealth inter-
ventions, suggesting that the current limited evidence base
will expand in coming years.
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Abbreviations

NCD Non-communicable diseases
LMIC Low- and middle-income countries
CVD Cardiovascular disease

UN United Nations

WHO-PEN  World Health Organization Package of
Essential NCD interventions

PHC Primary health care

mHealth Mobile health

EMBASE  Excerpta Medica database

CINAHL Cumulative Index to Nursing and Allied
Health Literature

LILACS Latin American and Caribbean Health
Science Literature Database

WHO World Health Organization

RCT Randomized controlled trial

Introduction

The rising disease burden from non-communicable diseases
(NCDs), particularly in low- and middle-income countries
(LMICs), constitutes a major threat to the health and well-
being of communities worldwide. The “big four NCDs”
(cardiovascular disease (CVD), diabetes, cancer, respiratory
disease) account for 87 % of all NCD deaths and 54 % of
NCD disability adjusted life years [1]. The United Nations
(UN) high-level meeting on NCDs in 2011 demonstrated a
historic commitment to NCD control, and in 2012, the World
Health Assembly set in its 2013-2020 Global Action Plan a
voluntary target of 25 % relative reduction in mortality due to
NCDs by 2025 (“25x25 target”) [2]. Recent modeling
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suggests that a 25 % reduction in the prevalence of six NCD
risk factors alone (tobacco, alcohol, salt, blood pressure, obe-
sity, and glucose) could almost achieve the 25x25 target [3].

Although public health interventions will play a critical
role in meeting this target, improved access to appropriate
health care will also make a major contribution [4]. The World
Health Organization Package of Essential NCD interventions
(WHO-PEN) is a systems-oriented framework to tackling
NCDs in low-resource primary health care settings [5]. It
outlines (1) a conceptual framework for improving PHC eq-
uity and efficiency; (2) identification of core technologies,
essential medicines, and risk prediction tools; (3) evidence-
based protocols for implementation of a set of essential cost-
effective NCD interventions; and (4) a technical and opera-
tional outline for integration into PHC and for monitoring and
evaluation purposes [5]. Despite the potential for comprehen-
sive primary health care (PHC) to deliver reductions in NCD
burden, spiraling costs both to system planners and to con-
sumers themselves is making health systems unsustainable to
meet the growing NCD burden. Innovative strategies to
implementing WHO-PEN are urgently needed in order to
meet the 25x25 target.

Such strategies cannot merely duplicate the paths taken to
improve health care quality in high-income countries, which
are beset by rising costs, variation in care, and low uptake of
evidence-based practices. LMICs are looking to “leap frog”
some of the dilemmas experienced by high-income countries
through novel health care delivery models that leverage low-
cost, innovative technologies [6]. Just as mobile phones over-
came barriers to communication caused by limited fixed line
access, these technologies are now being applied to assist in
health care delivery where access to traditional health care
services is limited. mHealth is a multidimensional field
encompassing a wide variety of tools, technologies, and
models of health care delivery. Despite the bold promise of
mHealth to be transformational, delivering high-quality care
at a fraction of the cost incurred in high-income countries,
there is a paucity of evidence to substantiate such a claim.
mHealth is accused of being afflicted with “pilotitis” [7], in
which piecemeal seed projects have been conducted with a
lack of attention to scalability, poor integration into health care
systems, sparse robust studies demonstrating effectiveness,
and few evaluations of costs and benefits [8, 9].

Most reviews into the effectiveness of mHealth interven-
tions have been dominated by studies conducted in high-
income country settings. Although the number of studies
included in these reviews have been few in number, improve-
ments have been observed in health care service delivery
processes [10], behavior change (particularly smoking cessa-
tion) [10, 11], and use of geographic information systems to
support improved health care [12]. In LMIC settings, the
mHealth literature is dominated by interventions in maternal
and child health and sexual health, with a particular focus on

@ Springer

use of mobile phones for data collection [13—15]. Braun et al.
identified 25 studies exploring community health workers’
use of mobile technology [14]. Most studies were small scale
and of the few that reported outcome evaluations, some dem-
onstrated improvements in quality of care. Goel et al. con-
ducted a narrative synthesis of 28 studies to examine the role
of mHealth in bridging human resource gaps [15]. The authors
found mHealth to be widely used in PHC settings for varying
purposes including data collection, health surveillance, health
education, supervision, and monitoring. Despite the breadth of
use, there were little data on the impact of these interventions.
Only one review has specifically looked at mHealth and
NCDs in LMICs, and this focused only on the use of text
and automated voice interventions [16]. Of the nine controlled
studies analyzed, there were significant improvements in clin-
ical outcomes (e.g., glycemic control for diabetics, lung func-
tion for asthmatics, and heart failure symptoms) and processes
of care (e.g., attendance rates for follow-up appointments),
and a limited number of studies showed improvements in
costs and quality of life measures.

Although these reviews have looked at specific compo-
nents of mobile health interventions, they have not examined
the full breadth of mobile interventions as health care system
strengthening tools. In this review, we take a systems-oriented
approach to critically appraising the role of mHealth in im-
proving health care quality for NCDs in LMICs. Specific aims
are to the following: (1) characterize the spectrum of mobile
health interventions that have been used for NCD manage-
ment and prevention in LMICs, (2) evaluate the impact of
mobile health interventions on health care quality, and (3)
identify gaps in knowledge around mHealth research that need
to be addressed.

Methods
Database Search

A systematic search of the literature was performed current
to May 2014 using the following electronic databases:
PubMed, Psychinfo, EMBASE, CINAHL, Cochrane, and
the Latin American and Caribbean Health Science Literature
Database (LILACS). A gray literature search was also con-
ducted examining articles and websites from relevant orga-
nizations including WHO, International Telecommunications
Union, the m-Health Alliance (mhealthalliance.org),
HealthUnbound (healthunbound.org), mHealthKnowledge
(mhealthknowledge.org), Global mHealth Initiative
(jhumbhealth.org), and Google and Google Scholar searches.
We also searched for registered trial protocols in the WHO
International Clinical Trials Registry Platform which in-
cludes 15 approved trial registries and supplementary
searches in Clinicaltrials.gov. Keywords used in these
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searches included the following: cellular phone, mobile
phone, telecommunication, mHealth, telehealth, telemedi-
cine, patient education, point of care system, medical regis-
tries, electronic health records, clinical decision support sys-
tem, data collection, provider-provider communication, pro-
vider scheduling, provider training, human resource manage-
ment, supply chain management, financial transactions, pri-
mary prevention, secondary prevention, developing coun-
tries, underserved areas, and all of the LMIC names. Details
of the search can be found in supplementary Tables S1, S2,
S3, S4, S5, S6, and S7.

Inclusion/Exclusion Criteria

We included articles on any mobile technology health care
interventions used in LMICs that were relevant to NCD man-
agement and prevention. LMICs were defined based on World
Bank criteria [17]. NCDs included CVD, respiratory disease,
cancer, diabetes (“the big four”), and mental health. Articles
were included if they were (1) randomized controlled trials
(RCTs), (2) quasi-experimental empirical studies with or with-
out a comparator group, (3) descriptive studies without any
outcome measures reported, (4) reviews of mHealth interven-
tions (systematic or non-systematic), or (5) registered RCT
protocols. There was no language exclusion to the articles
retrieved. Telehealth, telemonitoring, and telephone coaching
studies were only included if they explicitly drew on mobile
technologies as part of the overall intervention strategy. If
these interventions were delivered via a standard fixed phone
line or via the internet using a desktop computer, they were
excluded.

Classification Framework

The mHealth interventions used in each study were character-
ized using a framework proposed by Labrique et al. in an
analysis of maternal and child health mHealth interventions
(Table 1) [18]. A key strength of this framework is its focus on
health systems rather than specific technologies. The frame-
work was developed in consultation with mHealth stake-
holders including academics and program and policy imple-
menters. It was then applied to illustrate where mHealth
opportunities and health system constraints lie across a con-
tinuum of care for maternal and child health. It is useful in
determining who might be the beneficiary targets of particular
mHealth strategies and making explicit the particular health
system barriers that are being targeted.

Outcome measures were assessed according to the WHO
dimensions of quality of care (Table 2) [19]. These domains
serve as building blocks for identifying tools and strategies
for quality improvement at the level of policy makers,
service providers, and consumers across whole health sys-
tems. Assessing outcomes in these particular domains

allowed us to identify where the gaps were in the evidence
base for mHealth interventions across the whole health
system.

Data Extraction

Two reviewers independently evaluated and excluded articles
at the title/abstract review stage. Full-text articles whose ab-
stracts met the inclusion criteria were then reviewed. An Excel
template was developed which outlined study characteristics,
the mHealth domains, and WHO quality outcome domains.
The reviewers performed test data extractions using this tem-
plate to check for any inconsistency in interpretation of defi-
nitions, and the extraction template was refined following this.
If the article met the final inclusion criteria, reviewers popu-
lated the data extraction template. For the RCTs, methodolog-
ical quality was assessed using the Cochrane Risk of Bias
Assessment Tool. Discrepancies in article inclusion, data ex-
traction, and bias assessment were solved by team consensus.

Results

We retrieved 1,569 articles using the search terms, and 177
articles were selected for full-text review (Fig. 1). Of these,
129 articles were excluded for the following reasons: not
specifically using mobile technology, in particular internet
and fixed line telemedicine interventions (n=86); not
pertaining to LMICs (n=29); not relevant to NCDs (n=12)
and study protocols (n=2) (see supplementary Table S8 for
more details on excluded studies).

The 24 included non-protocol studies, their characteristics
and the mHealth domains are summarized in Table 3. The
majority of studies came from middle-income country settings
with a mixture of urban- and rural-based studies. The most
common disease areas were either diabetes (n=8) [20-27] or
CVD and risk factors for CVD (n=9) [22, 28-35]. Thirteen
studies tested specific mHealth interventions, but only seven
used a RCT design [23, 25, 26, 33, 36-38], with the remainder
using quasi-experimental designs to assess outcomes [24, 27,
28, 34, 39, 40]. Six exploratory studies were identified which
described, validated, or pilot-tested various mHealth interven-
tions but did not provide any substantive outcome data
[29-32, 35-41]. Five reviews were also identified [16,
20-22, 42], of which two systematically appraised the litera-
ture [16, 21].

Of the intervention and exploratory studies (n=19), the
following mHealth domains were identified: client education
and behavior communication (n=13) [23-27, 33, 34, 36-41],
sensors and diagnostics (n=5) [28-30, 32, 35], registries
(n=1) [34], data collection (n=3) [28, 29, 34], electronic
health records (n=1) [28], decision support (n=1) [31],
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Table 1 Common mHealth applications

Domain

Description/Examples

1 Client education and behavior change communication

Consumer-directed strategies to improve knowledge, attitudes, motivations, and

health-seeking actions

Sensors and point-of-care diagnostics
Registries and vital events tracking

Technologies that can store and forward biometric data via a mobile device
Facilities that enable identification and enumeration of populations for specific

services or programs (e.g., pregnancy and birth registration)

Integration of field-based data collection to aggregated data repositories for

monitoring and evaluation purposes

Shared record systems that support multiple users and multiple sites interacting

with patient data

Protocols, algorithms, and checklists to support adherence to a particular standard

of health care

Communication via voice, SMS, and cloud-based systems to support patient care

from multiple providers

Reminders, alerts, and prompts to assist health workers in the prioritization of

workflow tasks

Workforce professional development activities assisted through use of mobile

platforms

Employees’ dashboards to identify, support, and monitor workforce activity
Tools to track and manage stocks and supplies of essential commodities such as

medications

4 Data collection and reporting

5 Electronic health records

6 Electronic decision support

7 Provider-provider communication

8 Provider work-planning and scheduling
9 Provider training and education

10 Human resource management

11 Supply chain management

12 Financial transactions and incentives

Tools to assist in payment for services and supplies. Also includes incentive and

insurance schemes and stock payment systems

Source: Labrique et al. [18]

provider communication (n=3) [28, 29, 34], provider work-
planning (n=5) [28, 36-38, 40], and supply chain manage-
ment (n=1) [28]. There were no studies pertaining to provider
training and education, human resource management, or

Table 2 WHO quality outcome dimensions

Quality dimension Definition

Effective Delivering health care that is adherent to an
evidence base and results in improved health
outcomes for individuals and communities,

based on need

Efficient Delivering health care in a manner which

maximizes resource use and avoids waste

Accessible Delivering health care that is timely,
geographically reasonable, and provided in a
setting where skills and resources are

appropriate to medical need

Acceptable/patient-
centered

Delivering health care which takes into account
the preferences and aspirations of individual
service users and the cultures of their
communities

Equitable Delivering health care which does not vary in
quality because of personal characteristics
such as gender, race, ethnicity, geographical

location, or socioeconomic status

Safe Delivering health care which minimizes risks
and harm to service users

Source: WHO [19]
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financial transactions and incentives. Most studies tested only
one or two mHealth domains (n=16) with only three studies
using multifaceted interventions involving three or more do-
mains [28, 29, 34].

The outcomes of the 13 studies that did test particular
interventions are shown in Table 4. Six studies reported effec-
tiveness of the intervention for clinical outcomes (n=6)
[23-26, 33, 34], and three reported improvements in processes
of care, particularly improved knowledge, attitudes, and be-
haviors such as medication adherence (n=3) [23, 36, 39].
Three studies addressed costs [26, 33, 37], with one study
reporting improvements in health-related quality of life [33].
Four studies reported improvements in clinical attendance
rates [28, 36-38], and four studies reported various self-
reported metrics related to acceptability of the intervention
[24, 25, 27, 36]. No studies reported outcomes related to
equity or safety, and similarly, no studies reported any quali-
tative or process evaluations of the interventions. For the
RCTs, the majority of the risk of bias criteria was classified
as either low or unclear (Fig. 2).

The search of registered clinical trial protocols identified 24
additional mHealth RCT protocols for NCD prevention in
LMICs (Table 5). Although eight of these studies were listed
as being complete, we were unable to find published results
for any of these. As with the published RCTs, the majority of
studies focused on client education strategies using SMS
systems (Table 5).
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Fig. 1 Included/excluded studies
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Discussion

In this review, we examined the ability of mHealth interven-
tions to improve health care quality in LMIC settings for NCD
management and prevention. Specifically, we sought to iden-
tify which mHealth components have been associated with the
greatest impact on health care quality dimensions. We build
on previous reviews by updating searches in a rapidly evolv-
ing field, but more importantly, we examine how mHealth has
been used to strengthen health care systems to address the
growing NCD burden.

A number of key findings were observed from this review.
The first and most important is that mHealth for NCD man-
agement remains a relatively under-explored area. The litera-
ture is characterized by a limited number of high-quality
studies, mainly conducted in middle-income country settings
and mainly focused on two NCDs—CVD and diabetes. De-
spite mHealth having a wide variety of applications, studies so
far are dominated by behavior change interventions through
use of text messaging systems. Few studies have applied

mHealth tools as a means of strengthening health systems.
Although the studies that have reported effectiveness are
encouraging, few have examined outcomes across multiple
dimensions of health care quality, and none have looked at
equity and safety issues. Related to this, there is a dearth of
process evaluations to understand the contextual factors that
promote or hinder effectiveness of the interventions. Conse-
quently, there remains a major gap in our understanding of the
factors that may influence scalability, replication of outcomes
in different settings, and sustainability of outcomes beyond
controlled trial settings.

The paucity of literature suggests that mHealth for NCD
management is still at an early stage of development. There
are, however, several relevant registered studies, all of which
are RCTs, which are actively recruiting. This suggests that the
evidence base will grow substantially in the coming years.
These registered studies generally have larger sample sizes,
longer follow-up periods, and are using designs such as cluster
and stepped-wedge cluster RCTs which are more conducive to
understanding health system impacts. Unfortunately, most of
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mHealth domain

Intervention

Follow-
up

NCD area Population

Setting

Country

Table 3 (continued)

Author

@ Springer

communication, provider training

and education

Client education

Use of mobile phones for

NA

NA

CVD, DM,

Mexico Not stated

Feder 2010 [22]

health care in LMICs

HIV
DM

Decision support

[ 7]
Q
2 =
w 2O
O.Qto—
z28
28
>T 5
1)
;.EQ
2 =
§88
EQ &
o)
L=
%o @
>
«n

NA NA

Urban/Rural

Multiple
LMICs

Ali 2011 [21]

care in LMICs
Systematic review of use of

communication, provider work

electronic decision support
system, provider-provider
planning and scheduling

Client education, data collection,

SMS interventions for
NCDs in LMICs

NA

NA

Multiple
diseases

Urban/Rural

Multiple
LMICs

[16]

Beratarrechea 2014

NA not applicable

these newer interventions remain narrowly focused on behav-
ior change using text messaging systems. However, there are
some notable exceptions which are taking a systems-oriented
approach using mHealth domains such as decision support,
electronic health records, and workforce-oriented strategies
such as provider-provider communication. Several completed
studies have not published results which raises concerns about
publication bias. For high-income countries, the mHealth
research landscape is certainly changing. In 2012, Labrique
and colleagues identified 215 mHealth intervention studies
registered in clinicatrials.gov with 176 involving an RCT
design [7]. Publications arising from these trials will result in
major shifts in the quantity and quality of research evidence
becoming available and may cure mHealth of its chronic
“pilotitis.” Although this will be useful, it may take up to a
decade before there is more clarity on the role of mHealth in
strengthening health systems in LMIC settings.

Limitations

There are a number of limitations to this review. Although the
classification framework we used was very useful, many
studies lacked sufficient detail to characterize them in finer
detail. For example, there may be considerable variation in the
design and delivery of SMS behavior change interventions,
and hence, it is difficult to appreciate differences between
interventions within any particular mHealth domain. Similarly,
we had limited ability to analyze specific technical approaches
used and were unable to make conclusions regarding the
similarities and difference between platforms used. This is
important because there is a clear need for standardized and
approved architectures for mHealth tools. Recent US Food and
Drug Administration guidance on regulatory requirements
may facilitate this [43]. Another limitation was that owing to
the paucity and heterogeneity of RCTs in the review, we were
unable to conduct a quantitative meta-analysis of the out-
comes. This may be addressed in coming years as more
trial results in this field are published. Although we
examined the leading contributors to NCD mortality,
we did not examine other NCD areas such as musculo-
skeletal conditions which are a major contributor to
disability. It is important that research on both disease-
specific and non-disease primary health care strategies
are conducted to enable a more nuanced understanding
of both the disease management and systemic challenges
that mHealth may be able to address.

Conclusion

On balance, despite the promising findings demonstrated
by some mHealth interventions in this review, we
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Fig. 2 Risk of bias for randomized controlled trials

conclude that the current evidence base is insufficient to
guide decisions on policy and practice. There is a lack of
research on end-to-end health care systems where multi-
faceted strategies are taken to improve patient care.
Restricting mHealth to patient-level behavior change ini-
tiatives on its own will not be adequate to promote
reductions in NCD burden in LMICs. Mechael et al.
recommend that mHealth move from single-solution-
focused approaches to become an integrator of health
information across the entire continuum of care [8]. In
particular, the development of mHealth tools to strength-
en workforce capacity, communication, and workflows is
of particular importance. This would lead to better align-
ment with WHO-PEN and support practical links be-
tween the use of mHealth tools and national and inter-
national policy frameworks. It should be noted, however,
that we are not advocating for a departure from “grass-
roots” approaches to intervention development. Such ap-
proaches are critical in maximizing user-responsiveness
and sensitivity to context, and when companioned with
other measures to address system gaps, their likelihood
of lasting success is increased.

We recommend four priority areas to improve the
mHealth research agenda: (1) comparative effectiveness
studies examining mHealth versus other “traditional”
health care improvement strategies; (2) large, multina-
tional studies powered on “hard” clinical endpoints such

as mortality and hospitalizations that enable cross-
country comparisons; and (3) process and economic
evaluations of effective and failed interventions to de-
termine contextual opportunities and constraints for
scale-up. A fourth more complex research priority area
is the need to examine policy-level barriers to large-
scale adoption of promising mHealth interventions. Fac-
tors such as mobile network coverage, data governance
and consumer rights, patient identifiers, inter-operability
and standards, regulatory approval, medical advice lia-
bility, and sustainable business models tend not to be
considered in traditional research studies and yet are of
crucial relevance to delivery of promising interventions
at scale. Greater engagement with policy makers in
study design and implementation is needed to ensure
that research does not occur in a policy vacuum and
that interventions can be integrated with existing nation-
al and local initiatives. Similarly, greater engagement
with the private health care sector, including insurance
providers, is needed. Given private investors are likely
to be major payers for mHealth systems and that a large
proportion of health care in LMICs is sought privately,
it is critical that research and business agendas are
better aligned [6]. While there is every reason to be
optimistic about the transformative power of mHealth to
reduce NCDs in LMICs, there is much work to do to
convert the rhetoric into reality.

@ Springer



677-691

J. of Cardiovasc. Trans. Res. (2014) 7

688

wosAs poddns uoisap
JIUONOId ‘BUIORT) SIUSAD

(MBOH JoMOJ-UT) WIRISAS

poddns uorsoap paseq-ouoydirews

© Jo asn pue sAemuped areo Surziundo
‘uoneONpPo YI[EAY “Surures) 9I0FIOM

ysopeid [eyoewiiy ut [eydsoy
JOLISIP By PUE SISJUD Iy
Arununuos oy Surpuape s1eak )g<

[ENA/SALNSISY ‘UONBINDS UL SUIAJOAUT UONUSAINUI PJRIRIHINIA s1eak ¢ 0S2°02/0ST°0T a3k Jo synpe Sunuasuods'00s‘or  INA ‘AAD eipuy  SwoSuQ €107  AOS's[em[eoI)
JuowaSeuew amssaid poojq pasoidur
jowo1d 0} PI0dI YI[EAY ATUONO[
ue 0} payul| [00} paseq-ouoydirews
woIsAs poddns uoIsap © pue £32)ens UonedIUNUIIOd
“SPI0031 [I[B3Y OIUONIJ[D [IOIARYQQ PaIo[ie) & ym papiaoid
UO1I9I[00 Byep ‘SUNORT) SIUSAD A1e oyM (SMHD) STONIOM ([eay SHWW (6/0 1< dmssaid
[ENA/SALNSISY ‘UONEINPI JUAI[D)  AJUNLILIOD YJIM UOHUIAINUI PAOIRINNIA s1eak ¢ TILTYTILT  Poolq e yim stedk g[< sjuaned $7H's aAd ekuoy  SuoSuQ €107  AOS's[emeoI)
pauuoyrad
Surusaros SUIUAAIOS JOOULD [BOIAIDD PR JOASU
UONEINP JUAI[)  IO0UED [BIIAIAD 10J SIOPUIIAI SIS o[dnnjy  syjuowr g| rl/Erl QABY OYM SIBIA 69—GT ‘SI[BWR) 98T VO eAuoy  SuoSuQ €102 MLOVd
a1ed K1031ns K1931ms judwdoerdar
uoneonpa Jual])  -jsod 10y 9o1A10s poddns suoyded) pue SINS syuowr ¢ (€€ 1109/99 Ju1) €€/€€/€€ oATeA oerpreo-jsod syuaned 66 aad uer]  payprduo) €102 IOMI
ypoddns opraoxd
pue ‘sjo81e) Judunean ‘uoneonpa daoidun % S'O>
UONEONpa JUAI[) 0} UONUSAIdIUT UONEILIPOW KIS SINS seak g STS/STS 01 0'9 OTVAH *s18A GG—GE SINPE 050 Na 3N ‘epu] - SuouQ TI0T  AOS's[eLneoNu[)
Ayanoe
TearsAyd asearour 0y dn-mojjoy suoyd SIBIA ()/—8] ‘SISBISIp
uoneonpa Jual)  pue SINS Kanoe [eorsAyd ur judwdodury syuowr § 81/8/ ey A1euolod jo pasouderp syuaned 96| aad uepiof pajerdwo) 7102 NIIDSI
(IOaHO-A) age jo
S)2qeRIP JO YSLI JO ssoudreme ajowoid S1BOA ()9—(€ £ T< 91008 YSLI SIqRIP
uonEINpa Ul 03 uoneardde sajoqerp suoyduews v SyooM 001/001  *se12qetp jo yjstr y3iy je sjuedionred (g Wa eipu]  pej[dwo) TI0T  d¥IDI OHM
UONUIAIAUI (JUOW-{, JIAO JOIM/SW) €
‘SIAIS A S301040 pooy Ayjeay ST< TIINE *ST8aK (09
uoneonpa JuAl)  pue Ajanoe [eorsyd uo suononnsur SINS syjuowr 4 09/09 —0t ‘uowom [esnedouaw-isod (7| aAd uer]  peprdwo) 2102 JILDI OHM
SHww (9]<
pre uoistoop suoydirewg v g 9110184s 10 ‘sajaqeIp ‘GAD
woysAs poddns uorsioap ‘sprooar Sursn ued jJudtOFEUBW UONEIIPOW PUL s s1eak Op< sjuoned Surajoaur eIpU[
)[E3Y OIUONO[D ‘UOHLINPS JUSL)  A[AISYI] PAIGATOP JHH0M [)[EaY Auntutio) Tedk | €Y0°1/€10°T (erpuy ur 71 J9QLL Ut L7) SITRIIIA 6€ dAD  eueAreq pue ‘euiy) QL SuosuQ 1107 AO's[erneoru[)
JudwaSeuew QA0QE pue s1edA 8| Saj0qeIp sourddryq
uoneonpa JUSID) -J]0s 10 s9essowl SIS PIZI[EUOSIOJ s1eak 7 (0¥7/0¥7) Anunos/ogy  (-01d) Suraey se pasouderp sjuoned 0ze T Nd 9y} pue ‘erpoque)) ‘0Suo)) SuroSuQ 1102 NLDYSI
pouiad yuowr (euidue
-9 B IOAO SITLSSAUI ()[BAY] UOHEOLIPOU J[qejsun pue d[qers 1Dd ‘DgvD
ok1sa1]/03ueyDd J01ARYAq S)0roId Tl [B1BJ-UOU) JUIAD ISITJ T}
Uuoneanps Iy 0} SOBESSOW BIPOWNINW PUE ‘3J10A ‘SINS  SYIUOW §] 0LL/OLL  ynm [endsoy 03 ponrwpe syuoned 00p'¢ dAd uelsed  SulouQ 1102 ALOZNV
uopnonpar amssaid a3uer SHww 68— AP U Jg 10
Sunjoen sjuAd PO0[q pue uoneoyIpow dA1say1| djowoid 9Buer SHwWW G¢[—(OZ] Y Ul sanjeA nJ
[)1A/SOLNSISAT ‘UONBINP JUDID) 0} s[[eo auoydo[o) ou0-0}-0u0 pue SINS  spuowr 81 (901/901) Anunoo 1od 717 dds s1eak 09—(¢ paSe snpe 9¢9 dAD  pue ‘elewdjens) ‘eunuasry SuroSuQ 1107 AoS's[emyestur)
s)[nsal
uoneINpa JUAD) K1oye10qe] uo uoneonpa suoyd pue SINS syuowr ¢ ce/ce sieak ¢6—g1 ‘siuaned onogerp 99 Wa uer]  pajerdwo) 1102 1D¥1
SOLNUNOD OM) UT PAISAI[IP poridd oom Tendsoy
- © 1040 dn-mo[[0J SIS pue suoydaje) QIBD 9)NOE 0) PANIWPE JUIAD JBIPIED
uoneInpa D) SE [[oM SE SUOISSS 908)J-0)-008) IV, SYOIM 4 16/16  ®ynm sieak g1< syuaned onoqep z81  INA ‘AAD erjensny ‘uemre],  pajp[duwo) 1102 MILDZNV
auoyd afiqow L<DIVAH
UOnEInpa I ©IA A[910WT PAIDAT[OP UONEBONPI YIEIH Sstpuonr ¢ 0S/08 ‘s1eak ()L—0¢ ‘syoned dnaqeIp 001 Wa uerp - pajordwo) 110t ILOT OHM
SuLI0)TUOI-J[os 9509N[F
uuoyrad pue (urpnsur joofur 10)
Sn1p onoqerpnue [e1o oxe) o Sulfim
uoneanps Iy BULIOJIUOW-J[9S Paseq-A50[0uyoa) O[IqOI s1eoA ¢ scl/sel is1e0k 0L-0¢ ‘syuoned onaqerp 05z Wa 'uyy ansup 600C ALOIHD
UTBWOp ([ uonuoAu  dn-mofjoq (u) yuoDpup uonendog AadON Anuno)  smejs [eLl],  paIosiSar Jedx aseqere(

Soseqejep S[eL [eorur[o ur padjsiSar sjooojord 1Y S dqeL

pringer

Qs



689

677-691

J. of Cardiovasc. Trans. Res. (2014) 7

911 Jo Aypenb oaoxduur
djowoxd pue WSIAIPIOAT 2dNPAI 0} SIS

JIOPIOSIP SSANS dnjewnel)

uoneonpa JUAI[D)  pue s[[ed dfiqowr Sursn weidord Jursmus|ay, syuowr 9 ce/gg -150d ()M SO[RUI URIOA JEM 99 HA uel| Suro3uQ 10T 1IOI
josuo woydwAs Jo ¥ ¢y
SUOISIOAP JuduLan SISK[oquIoIy) UM 93OI}S OIUAYDST NI (PIM
yoddns opm3 o) uoperd afiqow € Sursn Juountedap AouoSiows o) Sunuosard
UOISIOOP ‘UOnEOIUNWIIOD 19pirold  [endsoy qny e woy 1oddns auorpawsa], syuowr ¢ 0S1/0S1 s1eak 0g—81pase syuaned (¢ aAd eury)  SwoSuQ 107  AOS's[eLnesuI)
uonedIunuIwod
10p1A01d-IOPIAOI] WAISAS uonesuNWod 1apiaoid pue
poddns uoisiap druonde ‘sawnsiSar juoned ‘SoopIA [eUOHEBATIOW
“SPI0221 [}[L3Y] JIUOINIJ[ ‘Surpeojdn pue uond[[0d BEP
uonoa[0o BJR( ‘SUnoRn SIUIAD quowaSeuew-Jjos ‘uoddns juowaSeuew 001 % 8< DIVQH Ue [
[314/SOLISIBAY “UONEONPD JUAI[D) [EQIUI[O UJIAM UONUDAISIUT POJOJBIUNIN  SGIUOW (]  :UOD/00T D) 00T/00T/00T  SIIA G/~8T pase sjuoned onaqerp 00g Wa 00X paro[dwo) ¥10T NLOHUSI
90IAPE UOLEONPS
[I[e3Y 0] UONIPPE Ul dUBPUIIE
OIUIO PUB UONEIIPIW JOJ SIOPUILIAI s1eak 69
uoneINpa D Surpiaoad syyuowr 9 10§ SIS A[req syuowr 9 801/801 —81 ‘uonearpaw uo syudned saeqerp 917 Wa ysope[Sueq amsun €102 Sa
0L°0 uey) ssaf seam oner (YA L)
Ayoedes [eya peoroy/(uonendxo
JO puooas js11y ur swnjoA A1orendxs
JuowoSeurw-Jos Alojeridsar papiaoxd Pa010}) [ A J01e[IpoyouoIq
papiaoid Jou S[IeJ  10J UONUSAINUT JoUIdIUI Paseq-ouoyd J[IqOj  Jou S[IeIe(] 00€/00€  -1sod yum s1eak g/ —( ‘syuedionted 009 far's 'UIYD amsun €10T MIDIHD
% 0t UL} SSI] UonoeIy
QOURIDYPE UWISAI JudU LN uonoafo ue pue anjrey ey |
uonEonpa JUSI[D) YA sisse 0} dn-mojjoy duoydoa) pue NS syuow ¢ (g JUOd/HT W) TI/TI/TT IO I SSEIO YuM SIedA G9—¢¢ ‘sjudned 9¢ aad uerp  SuosuQ €107 1O¥I
Surmnpayos pue Suruueyd
-oM I9p1A0Id ‘UOnROTUNUIOd
1op1aoid-ropraord [#+] dn-moyjox
‘w)sAs poddns uorsioop Juaned 10j SwWISAS JOpUIIAI ‘O18d
‘SPI0J31 [)[BY OIUONIJ[D [eoIpaw 0} sagexul| [eLd)al Jo Sulpng AAD JO S Y31y Je 1o yim s1edk
uonoa[0o BJEp ‘SUNORI) SJUSAD ‘Bururen 1o1oM o1eo yeay ‘poddns —0t paSe syuaned 00O‘9[~ ‘sade[ia
[E)1A/SOLISISAI ‘UONLINPS UL UOISIOAP (M UOHUIAINUI PJRIRINNIA s1eak 7 00091 G ‘s101U90 210 ey Arewtid g aAd eipu]  Suo3uQ €102 L
sagessowt
[eUONBATIOW PUE ‘d3eIul UONRIIPIW
10] SIopUIWal SIS ‘S3UNAAW 998]-0) s1eak g
uoneonpa JuAL[)  -09e] Surajoaur :weidoid juswoSeuew-Jjos SYOIM Ly/LY pue 7] udsamiaq syudned euryise 6 ad uemre],  SwoSuQ €102 MLOZNV
UTBWOP ([ uonuoAu]  dn-mofjoq (u) yuoDpug uonendog adON Anuno)  smejs [ell],  paIosISar Jeox aseqere(|

(panunuod) ¢ IqeL

pringer

As



690

J. of Cardiovasc. Trans. Res. (2014) 7:677-691

Acknowledgments DPe is supported by an Australian National Health
and Medical Research Council Fellowship (ID 1054754). DPr is support-
ed by a scholarship from the Australian Agency for International Devel-
opment (AusAlID).

Conflict of Interest DPe has received research grant(s) number
1047508 and 1040147 from Australia’s National Health and Medical
Research Council to develop and test m-health interventions in Australia
and India. No human studies were carried out by the authors for this
article. There was no funding obtained in the development and writing of
this article.

References

—_

(98}

11.

12.

13.

. Lozano, R., Naghavi, M., Foreman, K., Lim, S., Shibuya, K.,

Aboyans, V., et al. (2012). Global and regional mortality from 235
causes of death for 20 age groups in 1990 and 2010: a systematic
analysis for the global burden of disease study 2010. The Lancet,
380(9859), 2095-128.

. World Health Organisation. (2013). Global action plan for the pre-

vention and control of noncommunicable diseases 2013—2020.
Geneva: WHO.

. Kontis V, Mathers CD, Rehm J, Stevens GA, Shield KD, Bonita R,

et al. (2014) Contribution of six risk factors to achieving the 25x%25
non-communicable disease mortality reduction target: a modelling
study. The Lancet

. Pearce, N., Ebrahim, S., McKee, M., Lamptey, P., Barreto, M. L.,

Matheson, D., et al. (2014). The road to 25x%25: how can the five-
target strategy reach its goal? The Lancet Global Health, 2(3),
el26—e28.

. World Health Organisation. (2010). Package of essential

noncommunicable (PEN) disease interventions for primary health
care in low-resource settings. Geneva: WHO.

. PricewaterhouseCoopers (PwC) (2012). Emerging mHealth: paths

for growth PWC.

Labrique, A., Vasudevan, L., Chang, L. W., & Mehl, G. (2013). H pe
for mHealth: More “y” or “0” on the horizon? International Journal
of Medical Informatics, 82(5), 467—69.

. Mechael, P., Batavia, H., Kaonga, N., Searle, S., Kwan, A.,

Goldberger, A., et al. (2010). Barriers and gaps affecting mhealth
in low and middle income countries: policy white paper: center for
global health and economic development. Earth Institute: Columbia
University.

. World Health Organisation. (2011). mHealth: New horizons for

health through mobile technologies. Geneva: Global Observatory
for eHealth series.

. Free, C., Phillips, G., Watson, L., Galli, L., Felix, L., Edwards, P.,

et al. (2013). The effectiveness of mobile-health technologies to
improve health care service delivery processes: a systematic review
and meta-analysis. PLoS Medicine, 10(1), e1001363.

Krishna, S. B. S., & Balas, E. A. (2009). Healthcare via cell phones: a
systematic review. Telemedicine journal and e-health: the official
Journal of the American telemedicine association, 15(3), 231-40.
Nhavoto, A. J., & Gronlund, A. (2014). Mobile technologies and
geographic information systems to improve health care systems: a
literature review. JMIR Mhealth Uhealth, 2(2), e21.

Aranda-Jan, C., Mohutsiwa-Dibe, N., & Loukanova, S. (2014).
Systematic review on what works, what does not work and why of
implementation of mobile health (mHealth) projects in Africa. BMC
Public Health, 14(1), 188.

. Braun, R., Catalani, C., Wimbush, J., & Israelski, D. (2013).

Community health workers and mobile technology: a systematic
review of the literature. PLoS One, 8(6), e65772.

@ Springer

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Goel, S., Bhatnagar, N., Sharma, D., & Singh, A. (2013). Bridging
the human resource gap in primary health care delivery systems of
developing countries with mhealth: narrative literature review. JMIR
Mhealth Uhealth, 1(2), €25.

Beratarrechea, A., Lee, A. G., Willner, J. M., Jahangir, E., &
Ciapponi, A. A. R. (2014). The impact of mobile health interventions
on chronic disease outcomes in developing countries: a systematic
review. Telemedicine journal and e-health: the official journal of the
American Telemedicine Association, 20(1), 75-82.

. World Bank Group. (2014). Country and lending groups.

Washington DC: World Bank.

Labrique A, Vasudevan L, Kochi E, Fabricant R, Mehld G (2013).
mHealth innovations as health system strengthening tools:12 com-
mon applications and a visual framework. Global Health: Science
and Practice.

World Health Organisation (2006). Quality of care: a process for
making strategic choices in health systems. Geneva.

Ajay, V. S., & Prabhakaran, D. (2011). The scope of cell
phones in diabetes management in developing country health
care settings. Journal of Diabetes Science and Technology,
5(3), 778-83.

Ali, M. K., Shah, S., & Tandon, N. (2011). Review of electronic
decision-support tools for diabetes care: a viable option for low- and
middle-income countries? Journal of Diabetes Science and
Technology, 5(3), 553-70.

Feder, J. L. (2010). Cell-phone medicine brings care to patients in
developing nations. Health affairs Project Hope, 29(2), 259-63.
Goodarzi, M., Ebrahimzadeh, 1., Rabi, A., Saedipoor, B., &
Jafarabadi, M. A. (2012). Impact of distance education via mobile
phone text messaging on knowledge, attitude, practice and self
efficacy of patients with type 2 diabetes mellitus in Iran. Journal of’
Diabetes and Metabolic Disorders, 11(1), 1-8.

Piette, J. D., Mendoza-Avelares, M. O., Ganser, M., Mohamed, M.,
Marinec, N., & Krishnan, S. (2011). A preliminary study of a cloud-
computing model for chronic illness self-care support in an underde-
veloped country. American Journal of Preventive Medicine, 40(6),
629-32.

Shetty, A. S., Chamukuttan, S., Nanditha, A., Raj, R. K. C., &
Ramachandran, A. (2011). Reinforcement of adherence to prescrip-
tion recommendations in Asian Indian diabetes patients using short
message service (SMS)—a pilot study. Journal of Association of
Physicians of India, 59(11), 711-14.

Wong, C. K. H., Fung, C. S. C,, Siu, S. C, Lo, Y. Y. C., Wong, K. W.,
Fong, D. Y. T, et al. (2013). A short message service (SMS) inter-
vention to prevent diabetes in Chinese professional drivers with pre-
diabetes: a pilot single-blinded randomized controlled trial. Diabetes
Research and Clinical Practice, 102(3), 158-66.

Kulnawan, N. J. W.; Suwanwalaikorn, S., Kittisopee, T.,
Meksawan, K., Thadpitakkul, N., & Mongkung, K. (2011).
Development of diabetes telephone-linked care system for
self-management support and acceptability test among type 2
diabetic patients. Journal of the Medical Association of Thailand,
94(10), 1189-97.

Agrawal A, Bhattacharya J, Baranwal N, Bhatla S, Dube S, Sardana
V, etal. (2013). Integrating health care delivery and data collection in
rural India using a rapidly deployable eHealth center. PLoS Medicine
2013;10(6).

Campos Neto CM, Franca FC, Nicolosi D, Moreira D, Akikubo R,
Piegas LS, etal. (2007). Tele-ECG (tele-eletrocardiografia a distancia
via celular). Tele-ECG (tele-echocardiography by distance of cellular
phone). pp 162-69.

Choi, B. G., Mukherjee, M., Dala, P., Young, H. A., Tracy, C. M.,
Katz, R. J.,, et al. (2011). Interpretation of remotely downloaded
pocket-size cardiac ultrasound images on a web-enabled smartphone:
validation against workstation evaluation. Journal of the American
Society of Echocardiography, 24(12), 1325-30.



J. of Cardiovasc. Trans. Res. (2014) 7:677-691

691

31.

32.

33.

34.

35.

36.

37.

38.

Eren, A., Subasi, A., & Coskun, O. (2008). A decision support
system for telemedicine through the mobile telecommunications
platform. Journal of Medical Systems, 32(1), 31-5.

Garcia, K. M., & Perese, S. (2012). Can a handheld handle vascular?
Contemplation of the vascular system in miniature. Journal of the
American Society of Echocardiography, 25(8), 18A.

Grancelli, H. O. (2007). Disease management programs in heart
failure. Findings of the DIAL study. Revista Espaiiola de
Cardiologia, 60(Suppl 3), 15-22.

Kingue, S., Angandji, P., Menanga, A. P., Ashuntantang, G.,
Sobngwi, E., Dossou-Yovo, R. A., et al. (2013). Efficiency of an
intervention package for arterial hypertension comprising
telemanagement in a Cameroonian rural setting: the TELEMED-
CAM study. The Pan African Medical Journal, 15, 153.

Yu, Y., Li, J., & Liu, J. (2013). M-HELP: a miniaturized total health
examination system launched on a mobile phone platform.
Telemedicine journal and e-health: the official journal of the
American Telemedicine Association, 19(11), 857-65.

Lua, P. L., & Neni, W. S. (2013). A randomised controlled trial of an

SMS-based mobile epilepsy education system. Journal of

Telemedicine and Telecare, 19(1), 23-8.

Leong, K. C., Chen, W. S., Leong, K. W., Mastura, 1., Mimi, O.,
Sheikh, M. A., et al. (2006). The use of text messaging to improve
attendance in primary care: a randomized controlled trial. Family
Practice, 23(6), 699-705.

Liew, S.-M., Tong, S. F., Mun Lee, V. K., Ng, C.J., Leong, K. C., &
Teng, C. L. (2009). Text messaging reminders to reduce non-

39.

40.

41.

42.

43.

44,

attendance in chronic disease follow-up: a clinical trial. British
Journal of General Practice, 59(569), 916-20.

Khokhar, A. (2009). Short text messages (SMS) as a reminder system
for making working women from Delhi breast aware. Asian Pacific
Jjournal of cancer prevention: APJCP, 10(2), 319-22.

Lua, P. L., & Neni, W. S. (2012). Feasibility and acceptability of
mobile epilepsy educational system (MEES) for people with epilepsy
in Malaysia. Telemedicine journal and e-health: the official journal
of the American Telemedicine Association, 18(10), 777-84.

Hung SH, Tseng HC, Tsai WH, Lin HH, Cheng JH, Chang YM
(2007). COPD—endurance training via mobile phone. AMIA ...
Annual Symposium proceedings/AMIA Symposium. AMIA
Symposium:985.

Mohammadzadeh, N., Safdari, R., & Rahimi, A. (2013). Cancer care
management through a mobile phone health approach: key consider-
ations. Asian Pacific journal of cancer prevention: APJCP, 14(9),
4961-4.

US Department of Health and Human Services Food and Drug
Administration (2013). Mobile medical applications: Guidance for
Industry and Food and Drug Administration Staff: US Food and
Drug Administration.

Praveen, D., Patel, A., McMahon, S., Prabhakaran, D., Clifford, G.,
Maulik, P, et al. (2013). A multifaceted strategy using mobile tech-
nology to assist rural primary healthcare doctors and frontline health
workers in cardiovascular disease risk management: protocol for the
SMARTHealth India cluster randomised controlled trial.
Implementation Science, 8(1), 137.

@ Springer



	Use of mHealth Systems and Tools for Non-Communicable Diseases in Low- and Middle-Income Countries: a Systematic �Review
	Abstract
	Introduction
	Methods
	Database Search
	Inclusion/Exclusion Criteria
	Classification Framework
	Data Extraction

	Results
	Discussion
	Limitations

	Conclusion
	References


