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Abstract
Introduction: Rates of chronic diseases will continue to rise in

developing countries unless effective and cost-effective interventions

are implemented. This review aims to discuss the impact of mobile

health (m-health) on chronic disease outcomes in low- and middle-

income countries (LMIC). Materials and Methods: Systematic

literature searches were performed using CENTRAL, MEDLINE,

EMBASE, and LILACS databases and gray literature. Scientific

literature was searched to identify controlled studies evaluating cell

phone voice and text message interventions to address chronic

diseases in adults in low- or middle-income countries. Outcomes

measured included morbidity, mortality, hospitalization rates, be-

havioral or lifestyle changes, process of care improvements, clinical

outcomes, costs, patient–provider satisfaction, compliance, and

health-related quality of life (HRQoL). Results: From the 1,709

abstracts retrieved, 163 articles were selected for full text review,

including 9 randomized controlled trials with 4,604 participants.

Most of the studies addressed more than one outcome. Of the arti-

cles selected, six studied clinical outcomes, six studied pro-

cesses of care, three examined healthcare costs, and two examined

HRQoL. M-health positively impacted on chronic disease out-

comes, improving attendance rates, clinical outcomes, and HRQoL,

and was cost-effective. Conclusions: M-health is emerging as a

promising tool to address access, coverage, and equity gaps in de-

veloping countries and low-resource settings. The results for m-

health interventions showed a positive impact on chronic diseases

in LMIC. However, a limiting factor of this review was the rela-

tively small number of studies and patients enrolled, highlighting

the need for more rigorous research in this area in developing

countries.
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Introduction

C
hronic disease is a leading cause of morbidity and mortality

worldwide. The developing world carries this burden dis-

proportionately, with 80% of deaths attributable to car-

diovascular disease and diabetes mellitus and 90% of

deaths attributable to chronic obstructive pulmonary disease oc-

curring in low- and middle-income countries (LMIC).1 By 2030, it has

been estimated that 23 million people will die annually from car-

diovascular disease, with approximately 85% happening in LMIC.2 In

addition, chronic conditions have become a marker of the increasing

health inequalities in LMIC, highlighting the urgent need to imple-

ment more effective and cost-effective interventions.2

Morbidity and mortality due to chronic disease are largely pre-

ventable through counseling, risk factor modification, and medication

adherence, but implementation of these interventions is difficult in

resource-limited settings.3 These interventions need to be integrated

into primary healthcare systems and tailored for LMIC for them to be

affordable, effective, and accessible, especially for disadvantaged

groups. In this sense, e-health interventions have the potential to

support these aims in an economically viable and sustainable way.4

Mobile health (m-health) refers to the use of mobile telecommu-

nication and multimedia technologies for healthcare delivery.5,6 M-

health has been shown to improve patient–provider communication

and assist in disease management, although most studies have fo-

cused on communicable diseases and/or developed countries.7–9

In 2002, the number of wireless mobile phone owners surpassed

the number of landline telephone owners worldwide, and by 2020

analysts predict 50 billion users worldwide.10–13 Moreover, it has

been predicted that by 2017 there will be ‘‘more mobile phones than

people’’ on the planet,14 and currently three-quarters of the world’s

population have access to a mobile phone.15 The World Health Or-

ganization (WHO) has announced that m-health has the potential to

transform the face of health service delivery across the globe.16

Within continents, there is country-to-country variability, but pen-

etration in some developing countries exceeds 100%.17 With the

basic infrastructure in place, the integration of mobile technology

into the healthcare system may be a feasible way to complement and

improve current chronic disease management strategies in LMIC.3,18

Data from developing countries have highlighted the impact of

mobile technology on communicable diseases, such as tuberculosis,

human immunodeficiency virus, and malaria.19–22 However, to

date most of the data on the use of mobile technology in chronic

disease and risk factor management are from developed countries.

This review aims to study the impact of mobile technology (voice
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communication and short message service [SMS]) on chronic dis-

ease outcomes in LMIC.

Materials and Methods
Systematic literature searches were performed from December 2011

to June 2012 using the following electronic bibliographic databases:

Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE,

EMBASE, and the Latin American and Caribbean Health Science Lit-

erature Database (LILACS), according to MOOSE and PRISMA guide-

lines.23–25 A search strategy for gray literature was included to retrieve

information from relevant sources, like the WHO and the Inter-Amer-

ican Development Bank, reference lists of included studies, and con-

sulting experts related to the topic. In addition, generic and academic

Internet searches and meta-searches were performed. Authors were

contacted to obtain missing or additional information when needed.

Key words used in these searches included the following: tele-

communication, cellular phone, cell phone, mobile phone, short text

message, multimedia message, lifestyle, reminder system, risk re-

duction, patient education, self-management, patient compliance,

primary prevention, outcome assessment, developing countries,

underserved areas, and the specific LMIC.

Details of the search can be found in Supplementary Tables S1–S4

(Supplementary Data are available online at www.liebertpub.com/tmj).

Studies were included if they (1) were randomized controlled trials

(RCTs) or systematic reviews and meta-analyses of RCTs with original

data, conducted in a LMIC as defined by the World Bank published or

reported between 1990 and June 2012,26 (2) included subjects over 18

years of age, (3) addressed the impact of mobile technology, using short

messaging system or cellular telephone interventions on a chronic dis-

ease (asthma, diabetes, hypertension, tobacco use, cardiovascular dis-

ease, chronic respiratory disease, and cancer), and (4) measured outcomes

including morbidity, mortality, hospitalization rates, behavioral or life-

style changes, process of care improvements, clinical outcomes, costs,

patient and provider satisfaction, compliance, and health-related quality

of life (HRQoL). No language requirement was imposed. Data were lim-

ited to studies from the aforementioned databases.

Randomly assigned pairs of reviewers independently evaluated se-

lected abstracts. Articles whose abstracts met the inclusion criteria were

reviewed by a separate, randomly assigned pair of reviewers. If the

article met the inclusion criteria, these reviewers extracted pertinent

data and assessed methodological quality using the Cochrane Risk of

Bias Assessment Tool.27 Discrepancies in article inclusion, data ex-

traction, and bias assessment were solved by team consensus. Early

Reviewer Organizer Software (EROS) version 2.0 was used by reviewers’

for full text evaluations of articles, data abstraction, and quality as-

sessment.28–30 Risk of bias graphs and meta-analysis were performed

using Review Manager (RevMan) software (version 5.1).31

Results
We retrieved 1,709 abstracts using the search terms, and 163 ar-

ticles were selected for full text review. Of these, 154 were excluded

because they were conducted in upper-income countries (n = 54), did

not address m-health (n = 56), were not RCTs, systematic reviews, or

meta-analyses (n = 33), or did not focus on chronic disease (n = 11).

Nine studies with 4,604 participants were included in the sys-

tematic review (Fig. 1). Included studies came from seven countries:

China (n = 1), Taiwan (n = 1), Malaysia (n = 2), Poland (n = 1), India

(n = 2), Croatia (n = 1), and Uruguay (n = 1). All the studies evaluated

more than one outcome. Six studies addressed clinical outcomes, six

addressed processes of care, three addressed costs, two examined

patient–provider compliance, and two examined HRQoL (Table 1).

Risk of bias assessment found that the lack of blinding may have

biased the results of three studies, and unclear allocation conceal-

ment may have affected seven studies. However, the majority of the

risk of bias criteria was classified as low or unclear (Fig. 2).

CLINICAL OUTCOMES
Clinical outcomes are intermediate outcomes or markers of disease

severity, such as hemoglobin A1c in diabetes or peak expiratory flow

rates in asthma and visits to the emergency room or hospitalization.

Clinic outcomes were studied in six articles.

Ostojic et al.32 studied the impact of SMS on asthma; subjects

transmitted home spirometry readings to physicians via SMS and

then received telephone counseling. Intervention subjects had six

more office visits, two more acute respiratory illnesses, and five fewer

hospitalizations than the control group. After 4 months, the study

group’s forced expiratory volume in 1 s was significantly improved

compared with no change in the control group’s forced expiratory

volume in 1 s. Control subjects had significantly higher rates of

cough and night symptoms compared with the SMS group. Liu et al.33

evaluated the effect of a mobile telephone-based interactive self-care

software plus management feedback on pulmonary function, visits to

the emergency department, hospitalization, medications used for

asthma control, and HRQoL. Patients in the intervention group had

improved pulmonary function and HRQoL and decreased unsched-

uled visits to the emergency department and hospitalizations. Re-

garding medication use, mean daily dose of systemic or inhaled

corticosteroids and the proportion of participants who received leu-

kotriene inhibitors increased significantly in the intervention group.

Ramachandran et al.34 studied the impact of mobile technology

counseling on the New York Heart Association functional class, 6-

min walk test distance, physical impairment, and symptoms in

congestive heart failure subjects in India. At the end of the study

period, significantly more study subjects were categorized as New

York Heart Association Class I and II, had a higher mean 6-min walk

test distance, and showed greater improvements in 6-min walk test

distance from baseline, compared with controls. Study subjects had

significantly fewer symptom complaints compared both with ini-

tially reported symptoms and with the control group. Finally, the

intervention group had a significant improvement in physical im-

pairment scores, whereas the control group had no change.

In two of three studies diabetic clinical outcomes improved with m-

health interventions. Wojcicki et al.35 found that patients who trans-

ferred daily glucose readings to physicians using a telematic system and

received telephone medication regimen feedback had better diabetic
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glycemic control, as defined by mean blood glucose and glucose vari-

ability indices, than control subjects. Although there was no significant

difference in number of hyperglycemic or hypoglycemic episodes in the

control or intervention group, the absolute number of either event was

lower in the intervention group. Shetty et al.36 evaluated the use of SMS

to ensure adherence to management prescriptions and clinical outcomes

in type 2 diabetes compared with standard care. This study showed that

patients who received SMS had better glycemic control.

Balsa and Gandelman37 looked at the impact of a Web-based ed-

ucation program with SMS reminders and updates, comparing it with

that of a brochure-educated control group, and found that the in-

tervention had no impact on glucose control.

PROCESS OF CARE
Process of care outcomes are defined as those that affect patient

care by improving healthcare delivery or patient–healthcare inter-

actions. Of the studies included in this systematic review, three

processes of care outcomes were identified: clinic attendance,

chronic disease monitoring system effectiveness, and compliance

with a Web-based and a mobile application.

Four studies included in this review evaluated the impact of text

messaging on attendance rates to clinic appointments. Three studies

demonstrated improvements in clinic attendance with text messaging

reminders versus no reminder.

In three studies,38–40 subjects

were randomized to receive an

appointment reminder by text

message, an appointment re-

minder by mobile telephone

call, or no reminder. Shetty

et al.36 compared the effect of

one SMS reminder sent to type 2

diabetes patients every third day

for 1 year regarding lifestyle

modification, medication ad-

herence, and clinic attendance.

No differences were observed in

this study toward improvement

in frequency of visits and annual

check-ups between groups.

Balsa and Gandelman37

studied the effectiveness of an

Internet-based diabetes educa-

tion program with SMS and

e-mail reminders and found

that only 77 (39%) of the

treatment arm logged-on to

the online education pro-

gram, and of these subjects,

34 (44%) logged-on once, 12

(16%) logged-on twice, and 31

(40%) logged-on more than

three times. When subjects

were asked about the number of times they logged-on, 22 (14%)

stated that they had used the Web site when in fact a log-in was not

recorded. Of the subjects who reported never using the Web site, 8%

stated they were not interested, 12% reported using other sources of

information, 54% claimed they were not frequent Internet users, and

14% believed they already possessed all the diabetes information

they required. Sixty-five percent of the participants received peri-

odic SMS reminders about the project. Liu et al.33 evaluate com-

pliance with the interactive self-care system compared with a

written asthma diary booklet to improve asthma control. At 3 and 6

months, respectively, 81.7% and 71.7% patients were still adherent

to the interactive self-care system and sent data to the Web site

versus 85% and 76.7% in the control group, but differences were not

statistically significant.

COSTS
Several studies have examined the effects of m-health technology

on healthcare costs, and all have found that m-health is cost-

effective. Chen et al.38 and Leong et al.,39 whose studies showed that

SMS and telephone reminders improve appointment attendance

rates, evaluated cost-effectiveness as a secondary outcome. SMS was

found to be 35% and 45% less expensive, respectively, per atten-

dance than telephone reminders. Both noted savings accrued

Fig. 1. Flow of information through the systematic review. HRQoL, health-related quality of life; RCT,
randomized controlled trial.
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Table 1. Details of Included Studies

STUDY (YEAR) COUNTRY INTERVENTION OUTCOMES

Wojcicki et al.35

(2001)

Poland Telematic diabetic intervention (daily

glucose readings transmitted via

cell phone to an MD who makes

adjustments as needed, plus every

3-week clinic appointments,

n = 17) versus control (3-week clinic

appointments only, n = 15)

1st week of treatment (study vs. control): MBG, 153 – 23 vs. 157 – 41 mg/dL,

p = 0.786; J-Index, 52.0 – 15.0 vs. 52.2 – 29.5, p = 0.885

Course of study (study vs. control): MBG, 132 – 13 vs. 137 – 18 mg/dL, p = 0.455;

J-Index, 33.3 – 6.5 vs. 35.5 – 10.9, p = 0.508; HbA1c, 6.8 – 0.9% (from 7.96 – 1.1%)

vs. 6.7 – 0.9% (from 8.1 – 1.7%)

Mean values for study group versus control, by paired t test: mean MBG

index, - 3.2 – 4.3, p = 0.00165; Mean J-Index, - 1.4 – 2.3, p = 0.0065

Ostojic et al.32

(2005)

Croatia SMS study group that sent daily

spirometry readings to asthma center

with weekly adjustments

of therapy (n = 8) versus

usual care (n = 8)

Number of events, study group versus control: ARI, 8 vs. 6; office visits, 21 vs.

15; hospital admissions, 2 vs. 7

Average symptom score, study group versus control: wheezing, 0.80 – 0.77 vs.

0.89 – 0.88; cough, 1.42 – 0.28 vs. 1.85 – 0.43 ( p = 0.028)

Spirometry readings, beginning of study to end (%): FEV1 study, 77.63 to 81.25,

p = 0.014; FEV1 control, 78.88 to 22.02, p = 0.497; FVC study, 88.86 to 87.63,

p = 0.496; FVC control, 86.63 to 89.0, p = 0.292

PEF by time of day, study group versus control (L/min): morning, 380.00 vs. 365.15,

p = 0.721; noon, 405.35 vs. 385.48, p = 0.505; evening, 415.27 vs. 395.60, p = 0.520

Cost per week, per patient (Euro), study group only: patient: 0.67; physician, 1.00

Leong et al.39

(2006)

Malaysia SMS (n = 329), mobile phone (n = 329),

or control (no reminder, n = 335)

appointment reminder 24–48 h

prior to clinic appointment

Attendance rate: SMS vs. control, 59.0% vs. 48.1%, p = 0.005, OR 1.59, NNT = 9;

mobile phone vs. control, 59.6 vs. 48.1, p = 0.003, OR 1.55, NNT = 9; SMS vs.

mobile phone, 59.0 vs. 59.6, p = 0.874, OR 0.98

Cost (Malaysian Ringgit, SMS vs. mobile phone): total cost incurred, 87.66 vs.

160.33; total cost per patient, 0.27 vs. 0.49; total cost per attendance, 0.45 vs. 0.82

Ramachandran

et al.34 (2007)

India Usual care in heart failure clinic (n = 25)

versus intervention with weekly mobile

telephone disease counseling and access

to telephone helpline (n = 25)

Intervention versus control groups, from baseline to follow-up results: HRQoL, 60.0

to 76.3 ( p < 0.05) vs. 62.2 to 63.4; Physical Impairment subscale, 53.9 to 63.3

( p < 0.05) vs. 55.7 to 56.0; Symptoms subscale, 60.2 to 76.7 ( p < 0.05) vs. 63.6 to

66.4; NYHA Class I/II, 19 to 22 ( p < 0.05) vs. 18 to 16; NYHA Class III/IV, 6 to 3 vs.

7 to 6; 6MWT distance (m), 202.2 to 238.1 vs. 193.8 to 179.9

Chen et al.38

(2008)

China SMS (n = 620), telephone (n = 620), or

control (no reminder, n = 619)

appointment reminder 72 h prior to

clinic appointment

Attendance rate: SMS vs. control, 87.5% vs. 80.5, p = 0.001, OR 1.698; telephone vs.

control, 88.3 vs. 80.5, p < 0.001, OR 1.829; SMS vs. telephone, 87.5 vs. 88.3, p = 0.670,

OR 0.928

Cost (Yuan currency, SMS vs. telephone): total cost incurred, 164.37 vs. 258.77;

total cost per patient, 0.27 vs. 0.42; total cost per attendance, 0.31 vs. 0.48

Liew et al.40

(2009)

Malaysia SMS (n = 308), telephone (n = 314), or

control (no reminder, n = 309)

appointment reminder 24–48 h prior

to clinic appointment

Nonattendance rate: control, 23%; telephone reminder, 13.7%, p = 0.003, OR 0.53;

SMS reminder, 15.6%, p = 0.020, OR 0.62

Balsa et al.37

(2010)

Uruguay Diabetic patients were given educational

brochure (control, n = 193) or enrolled in

an Internet-based education program

with e-mail and SMS reminders (n = 195)

for 6 months

39% of subjects in intervention group used Web site, average number of uses 4.5,

and 65% received SMS.

No significant impact seen on healthcare quality, health-related behaviors,

or health outcomes including blood pressure, glucose levels, hospitalizations

Shetty et al.36

(2011)

India Type 2 diabetes patients with HbA1c

between 7% and 10% were randomized

to receive SMS (once in 3 days as a

reminder to strictly follow the regimen of

dietary modification, physical activity,

and drug schedules, n = 110) versus

standard care (appropriate prescriptions

of drugs based on the clinical and

laboratory results and advice on diet

modification and physical activity,

n = 105)

Frequency of visits, intervention group versus control group, at 1 year: 71% vs. 63%

reported an annual check-up.

Adherence, intervention group versus control group: adherence to diet prescriptions,

at baseline 60.3% and 54.5%, respectively, and at 1 year no significant change (58.4% vs.

52%); physical activity compliance, at baseline 47% and 47% but after 1 year 56% and

52% ( p = NS); drugs, no differences observed in the groups.

Laboratory and clinical outcomes, intervention group versus control group: HbA1c < 8%,

at baseline 30.8% vs. 31.8% and at 1 year 55.1% vs. 48.5% ( p < 0.02); TC < 200 mg/dL, at

baseline 79.5% vs. 80.3% and at 1 year 89.7% vs. 92.4% ( p = NS); TG < 150 mg/dL, at

baseline 53.8% vs. 66.7% and at 1 year 75.6% vs.78.8% ( p < 0.007); LDL-C < 100 mg/dL, at

baseline 59.0% vs. 60.6% and at 1 year 78.2% vs. 81.8% ( p < 0.02); BMI < 25 kg/m2, at

baseline 30.8% vs. 31.8% and at 1 year 24.4% vs. 28.8% ( p = NS); HDL-C > 40 mg/dL, at

baseline 55.1% vs. 66.7% and at 1 year 64.1% vs. 74.2% ( p = NS)

continued"
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through reductions in the number of work hours required by re-

search assistants and in telecommunications costs in the SMS

group. Ostojic et al.,32 whose study showed m-health improves

asthma control, found that SMS costs each patient 0.67 Euro and

each physician 1 Euro per week.

PATIENT–PROVIDER COMPLIANCE
Ostojic et al.32 examined the physician or patient compliance rates

and found no significant difference between the SMS group and the

control group when evaluating patients’ compliance with three times

per day peak expiratory flow measurement. Patients in the SMS

group submitted 99% of their daily messages to their physicians.

Shetty el al.36 found that there were no differences in the annual

check-up visit and adherence to diet, physical activity, and drug

prescriptions in type 2 diabetes patients.

HRQOL
Two studies evaluated HRQoL. The first included congestive heart

failure patients in India who underwent an m-health intervention to

adjust congestive heart failure medication, and then HRQoL was

evaluated using the Kansas City Cardiomyopathy Questionnaire.34

The study demonstrated a significant increase in HRQoL in the in-

tervention group and no changes in the control group. Liu et al.33

found that patients using a mobile telephone–based interactive self-

care software for asthma control improved their quality of life. They

improved at 3 and 6 months in the SF-12 physical component score

compared with controls. There was no significant change of the

mental component in the mobile telephone group throughout the

study period. However, in the control group it decreased significantly

at 4 and 6 months from baseline.

Discussion
M-health is emerging as a useful and promising tool to address

several healthcare system constraints in developing countries, such

as a limited healthcare workforce, limited financial resources, high

burden of disease, high population growth, and difficulties in ex-

tending healthcare to hard-to-reach populations.3 Studies using cell

phone voice communication and text messaging were included in our

study, as these are the main mobile phone functions currently used in

LMIC because of the availability of low-cost handsets, reasonable

pricing, and low broadband penetration for interventions that need

Internet.3

Some of the results of this systematic review need to be high-

lighted within the context of low-resource settings such as those in

LMIC. Six articles regarding process of care focused on m-health’s

impact on appointment attendance rates, and two examined the ef-

fectiveness of a mobile application plus feedback advice for disease

management. In all attendance rate studies, SMS and mobile phone

appointment reminders significantly improved attendance rates.

These results are in accordance with two recent systematic reviews

that have described a robust evidence base for the use of text message

reminders to improve attendance at healthcare appointments.9,41 A

Table 1. Details of Included Studies continued

STUDY (YEAR) COUNTRY INTERVENTION OUTCOMES

Liu et al.33 (2011) Taiwan Mobile telephone-based interactive self-

care system (intervention group, n = 60)

versus control group (received a booklet

for written asthma diary and action

plan, n = 60)

Compliance with interactive self-care system versus written asthma diary booklet:

3 months, 81.7% vs. 85%, ( p = NS); 6 months, 71.7% vs. 76.7% ( p = NS)

PEF (L/min) in intervention versus control group: baseline, 350.1 – 7.8 vs. 352.2 – 10.3;

3 months, 376.3 – 9.2 vs. 353.9 – 7.9 ( p < 0.05); 6 months, 382.7 – 8.6 vs. 343.5 – 7.7

( p < 0.05)

FEV1 % pred in intervention versus control group: baseline, 57.9 – 3.0 vs. 58.2 – 3.1;

3 months, 63.7 – 2.9 vs. 60.0 – 3.0 ( p < 0.01); 6 months, 65.2 – 3.2 vs. 56.5 – 2.8

( p < 0.01)

Episodes of exacerbation and unscheduled visits per patient in intervention versus

control group at 6 months: unscheduled visits to emergency room, 0.044 vs. 0.26;

hospitalization, 0 vs. 0.022

Medication use for asthma control in intervention versus control group: increased

mean daily dosage of either inhaled or systemic corticosteroids in intervention

group and no change in control group; percentage of patients treated with

antileukotrienes 60.5% vs. 34.8% at 2 months.

PCS SF-12 in intervention versus control group: baseline, 41.6 – 1.5 vs. 43.2 – 1.4;

3 months, 47.5 – 1.2 vs. 41.3 – 1.4 ( p < 0.01); 6 months, 45.5 – 1.4 vs. 40 – 1.5

( p < 0.01)

MCS SF-12 in intervention versus control group: baseline, 48.6 – 1.1 vs. 48.6 – 1.2; 3 months,

50.7 – 1.1 vs. 47.7 – 1.4 ( p = NS); 6 months, 50.4 – 1.1 vs. 44.4 – 1.4 ( p < 0.01)

6MWT, 6-min walk test; ARI, acute respiratory infection; BMI, body mass index; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; HbA1c, hemoglobin A1c;

HDL-C, high-density lipoprotein cholesterol; HRQoL, health-related quality of life; J-Index, a glucose variability index; LDL-C, low-density lipoprotein cholesterol; MBG,

mean blood glucose; MCS, mental component score; NNT, number needed to treat; NS, not significant; NYHA, New York Heart Association; OR, odds ratio; PCS, physical

component score; PEF, peak expiratory flow; pred, predicted; SMS, short messaging system; TC, total cholesterol; TG, triglycerides.
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teletransmission system associated with an application and SMS to

improve self-care was found to be an effective tool in asthma man-

agement, but no significant impact was seen on diabetes. In fact, de

Jongh et al.42 found limited benefit of mobile phone messaging in

supporting the self-management for long-term illnesses.

Three studies looked at cost-effectiveness, of which two were

clinical trials on appointment reminders and one involved asthma

control via peak expiratory flow reporting. SMS reminders were more

cost-effective than telephone interventions and were equally effi-

cacious. M-health improved asthma control, and the additional cost

of monitoring was minimal.

Four of five trials studying the effect of m-health on clinic out-

comes found that mobile interventions improved outcomes. With

regard to diabetes, two studies found improved glycemic control in

the study group compared with the control. A study of usual heart

failure care compared with weekly mobile telephone disease coun-

seling and access to a telephone helpline showed improved quality of

life, functional capacity, symptoms, and physical impairment. Fi-

nally, transmission of daily spirometry readings with physician

feedback improved asthma control.

These results are in accordance with previous reviews that inves-

tigated the impact of m-health on chronic disease in developed

countries and showed that this intervention improved behavioral and

clinical outcomes, HRQoL, and cost-effectiveness.7,43–48

We decided to include in our review only RCTs, systematic re-

views, and meta-analyses of RCTs, and not intervention trials using

less rigorous methods, such as quasi-experimental studies or re-

views containing nonrandomized studies, because RCTs provide

stronger and more unbiased estimations of the impact of inter-

ventions. This restriction clearly limited the number of articles

eligible for this review as our search criteria returned only nine

RCTs with 4,604 participants from developing countries. However,

despite a recent World Bank report that identified more than

500 m-health pilot studies in LMIC, little evidence was found

about the likely uptake, best strategies for engagement, efficacy, or

effectiveness.49,50

Evidence regarding efficacy, effectiveness, safety, cost, and so-

cial, institutional, legal, and ethical implications of new technology

adoption should guide priority setting, especially among LMIC

where resources are scarce and demand for health services is

unlimited.51

Actually, controversy still exists for scaling up m-health inter-

ventions as they lack a foundation that would permit evidence-based

scale-up.50,52

STUDY LIMITATIONS
When interpreting the results of this study, some limitations

should be taken into consideration.

First, the small number of RCTs using m-health to address chronic

diseases in LMIC underscore the need of more rigorous implementa-

tion research on m-health in these countries, and second, the small

study size of most of the studies included makes it difficult to interpret

the applicability of study results to larger LMIC populations.

Moreover, the appropriateness of extrapolating these data to the

developing world context is unclear as we were only able to find

articles from seven countries, most of them upper-middle-income

countries. Furthermore, we found no studies from low-income

countries, and since the date studies were conducted, Poland

and Croatia were reclassified by the World Bank as developed

economies.

IMPLICATIONS FOR PRACTICE
Developing countries must improve access to and delivery of in-

terventions in order to counter the rising morbidity and mortality of

chronic disease. Cellular phones are an established means of com-

munication in developing countries and have been shown to be an

effective complement to usual chronic disease management in the

developed world.

The integration of mobile interventions into the healthcare sys-

tem in LMIC may be a feasible way to complement and improve

strategies toward prevention and control of chronic diseases, but

success in scaling up and sustainability depends on other factors

besides mobile phone technology, such as the healthcare context,

Fig. 2. Risk of bias of included studies: low (light gray), high (dark
gray), or unclear (white).
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social values, and culture. In fact, public health and/or healthcare

issues vary among LMIC (e.g., the prevalences of diabetes in Poland

and India are similar, but Poland has developed national programs

for chronic disease management making this intervention easier to

implement).53,54

In conclusion, although only nine articles were found addressing

the impact of m-health on chronic disease outcomes in LMIC, m-

health was found to be cost-effective and had positive impacts on

processes of care, clinical outcomes, and HRQoL. These findings are

similar to those found in developed countries and in studies in-

volving communicable disease outcomes in LMIC.

This review suggests that m-health has the potential to use an

existing and growing mobile phone network to provide an accessible

and cost-effective tool to bridge the equity gap and improve current

chronic disease care in developing countries. Further research,

preferably large, multicountry, RCTs focusing on a variety of chronic

diseases with long-term follow-up, is needed to better understand the

impact of mobile technology in LMIC.
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