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A B S T R A C T

The advances in mobile technologies and applications are driving the transformation in health services delivery
globally. Mobile phone penetration is increasing exponentially in low-and middle-income countries, hence using
mobile phones for healthcare services could reach more people in resource-limited settings than the traditional
forms of healthcare provision. The review presents recent literature on facilitators and barriers of implementing
mHealth for disease screening and treatment support in low-and middle-income countries. We searched for
relevant literature from the following electronic databases: MEDLINE; CINAHL with full text via EBSCOhost;
Science Direct; PubMed; Google Scholar and Web of Science using the keywords for relevant studies. We searched
for published studies from 2015 to August 2020 with no language limitations. A total of 721 articles identified,
125 articles met the inclusion criteria and were included in the qualitative synthesis. The review demonstrates
relevant facilitators for the implementation of mHealth, which includes knowledge, attitudes, and perceptions of
stakeholders on the use of mHealth and the performance of mHealth for disease diagnosis in low and-middle-
income countries. Barriers and challenges hindering the implementation of mHealth applications were also
identified. We proposed a framework for improving the implementation of mHealth for disease screening and
treatment support in low-and middle-income countries.
1. Introduction

The advances in mobile technologies and applications are driving the
transformation in health services delivery globally. Mobile health
(mHealth) is defined as the use of voice calls, short message service
(SMS), wireless transmission of data, and mobile phone applications to
support healthcare provision [1]. Other forms of technologies being
employed to support healthcare delivery are telehealth, telemedicine,
telecare, virtual health, digital health, and others. Telehealth is defined
as the use of medical information that could be exchanged from one point
to another via electronic communication to promote the health condi-
tions of patients [2]. It also includes a wide range of technologies and
services to give patient care and enhance the healthcare delivery system
entirely. Telemedicine is also defined as the provision of remote clinical
services to patients without an in-person visit through the use of elec-
tronic communication (computers, video, phone calls, messaging) in
both audio and virtual means [3]. Telecare refers to the provision of
healthcare at-a-distance via the use of technology to support vulnerable
people [4]. Telecare provides a 24-hour connection between individuals
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in their homes and trained Carelink call-handlers at a 24-hourmonitoring
center [4]. Digital health could also be referred to as the use of wearable
devices, mobile health, health information technology, telehealth, tele-
medicine to improve healthcare access, reduce costs and inefficiencies,
and increase quality care for patients [5]. Virtual health involves clinical
care and professional partnership via telehealth, telemedicine, and
collaboration at-a-distance to link physicians, patients, care teams, and
other healthcare professionals to give clinical services, assist patient
self-management and co-ordinate care [6].

Mobile health technologies have been recognized as a cheaper and
easier approach to provide high-quality healthcare services to patients in
low-andmiddle-income countries (LMICs) with its fragile health systems,
high prevalence of tropical diseases, high rate of infectious diseases, high
mortality rate, and many others [7]. Although mHealth activities are
mostly predominant in high-income countries (HICs) for transforming
healthcare [7], there is a rise in the integration of mobile health into the
existing eHealth services in LMICs [8]. Mobile phone penetration and its
acceptability are increasing exponentially in low-and middle-income
countries [9], hence using mobile phones for healthcare services could
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reach more people in resource-limited settings than the traditional forms
of disease control. The conventional way of using cell phone text message
components for communication has now shifted, and it's being used to
support healthcare provision [10].

Mobile health technology has been identified as a means to help
achieve universal health coverage, particularly in resource-limited set-
tings of HICs [11, 12]. Prior studies have shown that mobile health ap-
plications have been extensively used in transforming healthcare services
in HICs in terms of screening and diagnoses of infectious and
non-infectious diseases such as COVID-19, HIV/AIDS, Tuberculosis,
cancer, hypertension, and many others [13, 14, 15]. Other studies con-
ducted in some HICs focused on mobile health applications to support
treatment and management of patients' conditions in terms of medication
adherence, appointment reminders, disease surveillance, tracking of
emergencies, and others [11, 16, 17, 18]. Recent studies have demon-
strated that mobile devices have improved regular communication and
monitoring between healthcare workers and their patients in HICs [19,
20, 21]. These have led to an increase in the quality of healthcare pro-
vision and a reduction in the cost of accessing healthcare services in HICs,
especially in this era of COVID-19 pandemic [16, 18]. Hence, this review
seeks to present an overview of recent literature on the use of mHealth,
facilitators, and barriers of implementing mHealth for disease screening
and treatment support in LMICs.

1.1. Aim

The purpose of this study is to review recent literature that highlights
the use of mHealth applications, facilitators, and barriers and challenges
of implementing mHealth for disease screening and treatment support in
LMICs.

2. Materials and methods

2.1. Design

A narrative review approach was employed to allow a comprehensive
analysis of published literature from electronic-based journal articles,
grey literature, and books. In situations where data aggregation is diffi-
cult due to the several different studies that are being examined, a
narrative review method is considered to be effective.

2.2. Literature search strategy

For this narrative review, we searched published studies from 2015 to
August 2020 with no language limitations. A thorough electronic search
was conducted to identify relevant literature from the following data-
bases: MEDLINE and CINAHL with full-text via EBSCOhost; Science
Direct; PubMed; Google Scholar and Web of Science. The search terms
used were: ‘‘mobile health applications’’, ‘‘disease screening’’, ‘‘disease
diagnosis’’, ‘‘treatment support’’ and ‘‘low-and middle-income coun-
tries’’. These keywords were used to include published articles on
knowledge, attitudes, and perceptions of users of mHealth, the accuracy
of disease diagnosis with mHealth, screening of diseases with mHealth,
treatment support of patients’ conditions using mHealth, and others. The
searches yielded 721 articles. Two hundred and six duplicates were
removed, and 312 articles were also excluded. Seventy-eight articles did
not meet the eligibility criteria. Leaving 125 articles for review. For the
included studies, 40 articles were quantitative, 35 qualitative articles, 4
mixed method articles, 40 review articles, and 6 grey literature articles.

3. Overview

3.1. Use of mHealth for pandemic management in HICs

Recently, during the outbreaks of Ebola and Severe Acute Respiratory
Syndrome (SARS), mHealth applications exhibited its potential in
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screening, detecting, and monitoring such global epidemics [14, 22, 23].
Mobile health technologies and applications have been utilized in this
current COVID-19 pandemic and other infectious diseases in most HICs
as compared to LMICs [24, 25, 26]. Currently, a study in Canada has
revealed that mHealth applications have been utilized for screening,
diagnosis, and monitoring of COVID-19 cases [14]. In some HICs,
mHealth applications are being used for contact tracing of COVID-19
cases to support the global fight against this outbreak [24, 27, 28].
Other studies in China have identified mHealth as a tool for screening
and treatment of COVID-19 patients to help reduce the risk of trans-
mission to other patients and healthcare professionals [28, 29]. Re-
searches showed that mHealth applications have the potential to enhance
the early detection of this highly infectious COVID-19 disease compared
to the traditional form of disease diagnosis and treatment [30, 31].

Studies in the US and China have found that mHealth applications are
being deployed currently to assist preliminary screening and early
identification of possible COVID-19 infected persons [25, 32]. Again, a
survey in the US illustrated that mHealth applications have been inte-
grated into the healthcare delivery system to screen health workers of
symptoms of COVID-19 to support the global fight against this pandemic
[26]. Research has shown that in Switzerland, mHealth applications
assisted medical professionals to screen COVID-19 cases for early
detection and isolation of infected persons to slow the transmission and
reduce the rate of infection [33]. In Singapore, an mHealth app was used
as an essential tool by public health officials to screen and track down
individuals exposed to COVID-19 infected patients to help break the
infection chain [34].

3.2. Use of mHealth applications in healthcare in LMICs

The advent of mHealth interventions has a significant transformative
effect on healthcare delivery, particularly in treatment support, diag-
nostic purposes, health monitoring, data accuracy, and many others [1,
35, 36, 37]. The integration of mobile health technology into the current
clinical services is providing new different channels of quality healthcare
delivery [37]. This new technology can engage the health system, health
workers, and patients in promoting quality healthcare services [37]. The
following are some of the significant benefits of mHealth in LMICs:
mHealth for screening infectious diseases, non-infectious diseases, dis-
ease surveillance, medication and treatment compliance, appointment
reminders, communication between health providers and patients, and
maternal and child health [38, 39, 40, 41, 42, 43].

3.2.1. mHealth for screening infectious diseases
Mobile health technologies and applications have been recognized as

an avenue that could support the screening of infectious diseases such as
COVID-19, Ebola, Severe Acute Respiratory Syndrome (SARS), HIV, and
others [44, 45, 46]. In Brazil, a study revealed that healthcare authorities
have encouraged the use of digital health such as mHealth for remote
screening and detection of COVID-19 suspected cases [38]. A similar
study in India has demonstrated that mHealth solutions are being used by
frontline health workers to screen potential COVID-19 cases to support
early identification [47]. Recently, during the Zika virus outbreak in
Brazil, mHealth applications were deployed as tools for diagnosing and
screening potential cases to help control the rapid spread of the virus
[48].

The recent Ebola and Zika virus epidemics in West Africa and
Southern America have illustrated the utility of mHealth applications for
promoting early screening and testing of infected patients [48, 49]. In
sub-Saharan Africa, during the Ebola outbreak mHealth technologies and
applications helped frontline health workers in screening and diagnosing
potential cases [22, 23]. Sutcliffe et al. reported that mHealth in-
terventions could improve the early infant diagnosis of HIV infections in
Zambia [45]. In addition, a study in South Africa found that mHealth
interventions have improved HIV testing rates among vulnerable pop-
ulations in rural communities [50]. Furthermore, a similar study
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conducted in Malaysia showed that mHealth applications supported the
diagnosis or detection of tuberculosis (TB) diseases in real-time [51]. In
Southern America and some of parts of Asia, mHealth applications have
been utilized to screen infectious diseases a lot more as compared to
sub-Saharan Africa due to their higher advancement in technology.

3.2.2. mHealth for screening non-infectious diseases
Mobile health applications are been utilized to could support the

screening of non-infectious diseases like hypertension, diabetes, cancer,
and several others [52, 53]. Studies in LMICs suggested that mHealth
applications supported the screening of cancer conditions in rural com-
munities [52, 54, 55]. Other studies in LMICs illustrated that mHealth
applications were useful in screening cardiovascular disease conditions
among the people living in remote areas [53, 56]. Similar studies con-
ducted in Latin America and India indicated that mHealth applications
were deployed to help diagnose cardiometabolic conditions and
non-communicable diseases [57, 58]. In Brazil, mHealth applications
have been used for supporting the diagnosis of chest pain among patients
[59]. Moreover, a survey in Nigeria found that frontline health workers
used mHealth applications for diagnosing diseases as well as making
differential diagnoses of diseases on patients' conditions [44]. The higher
advancement of technology in India has made the use of mHealth ap-
plications for the screening of non-infectious diseases more prevalent as
compared to other countries like Nepal, Tanzania, Nigeria, and Brazil.

3.2.3. mHealth for disease surveillance
In LMICs, surveillance of infectious and non-infectious disease out-

breaks is fragile due to logistical, financial, and infrastructural con-
straints [60]. However, the advent of mHealth interventions has
decreased the costs associated with disease surveillance to a larger extent
and have given a more effective way to perform surveillance in such
countries [60]. For instance, in the current COVID-19 global pandemic,
mHealth applications have been deployed for surveillance activities to
help control the transmission rate [61]. Watkins et al. suggested that
mHealth interventions have the potential to provide lifesaving informa-
tion to the most remote and resource-limited settings in LMICs [62]. It is
essential to note that early access to disease reports by health workers
could lead to rapid and timely identification as well as control of disease
outbreaks [62]. In LMICs, mHealth interventions have widely been used
to promote surveillance initiatives for both infectious and non-infectious
diseases [63].

A study in India demonstrated that mHealth applications were uti-
lized for contact tracing procedures which are a globally adopted sur-
veillance system [47]. A similar study has revealed that countries such as
Ghana, Czech Republic, Columbia, Iceland, Hungary, and others have
deployedmHealth applications for robust surveillance of COVID-19 cases
to help control this pandemic [64]. Research indicated that in Zambia,
mHealth used by health workers have the potential to enhance surveil-
lance activities and improve outreach services in hard-to-reach commu-
nities [60]. Studies have shown that disease surveillance has been
strengthened with the introduction of mHealth designed for data
collection, data analysis, and responding timely to emergency outbreaks
[65, 66]. Again, studies in Kenya and India found that mHealth tech-
nologies were deployed for disease surveillance purposes to promote
healthcare delivery [66, 67]. The available evidence presented shows
that mHealth applications have improved disease surveillance across
these several countries.

3.2.4. mHealth for medication and treatment compliance
Poor treatment and medication compliance could lead to an increase

in mortality rates, highmulti-drug resistance, and several others [60, 68].
Research has demonstrated that one of the effective ways to overcome
non-compliance to treatment and medication procedures is the use of
mHealth applications [60]. There are several cases where mHealth ap-
plications in medication and treatment compliance have enhanced
adherence in most LMICs. In LMICs, mHealth interventions promoted
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adherence to cardiovascular disease medications and treatment proced-
ures [40]. Also, a study in Asia illustrated that text message reminders
from healthcare professionals improved medication adherence in bipolar
1 disorder patients [69]. Studies in Mexico, Argentina, India, Vietnam,
Kenya, and South Africa demonstrated that mHealth reminders sup-
ported healthcare workers in ensuring that HIV infected patients com-
plied with antiretroviral adherence [70, 71, 72, 73, 74].

A similar study in Pakistan showed that mHealth applications
encouraged stroke patients to adhere to medication procedures [75].
Researches have shown that in sub-Saharan Africa, medication adher-
ence, and compliance with antiretroviral therapy (ART) improved
significantly by introducing mHealth interventions [76, 77]. Moreover,
in Thailand, mHealth applications deployed by health professionals
assisted tuberculosis patients to observe treatment and medication
adherence [78]. Similar studies have also demonstrated that mHealth
interventions had increased compliance to the treatment procedure of
tuberculosis (TB) in Southern Africa [77, 79]. In addition, a survey in
Nigeria revealed that mHealth interventions helped hypertensive pa-
tients adhere to medication procedures [80]. The results of the studies
presented from these countries show that mHealth applications have
equally enhanced medication and treatment compliance.

3.2.5. mHealth for appointment reminders
Studies have found that mHealth applications were used to encourage

appointment adherence among patients [77, 79, 81]. In LMICs, mHealth
applications such as SMS were sent to HIV-positive pregnant women to
remind them of their appointment in promoting quality healthcare pro-
vision [41]. A study conducted in Nigeria demonstrated that text message
reminders were sent to women to attend postpartum care after delivery
to enhance PNC visits [82]. Researches found that in Southern Africa,
mHealth interventions were utilized to decrease missed clinic appoint-
ments [79, 83]. In Palestinian, mHealth solutions promoted adherence to
clinic appointments particularly for non-communicable disease patients
[84].

Moreover, in Mozambique, a study illustrated that mHealth applica-
tions helped HIV/TB patients to avoid missing their medical appoint-
ments to promote quality healthcare delivery [77]. Also, cancer patients
were interested in receiving appointment reminders via mHealth appli-
cations to help them adhere to their clinical appointments in South Africa
[81]. In Guatemala, patients were willing to use cellular phones for their
clinic appointment reminders to promote adherence to ART treatment
[85]. Another study in India found that mHealth reminders supported
cardiovascular disease patients to adhere to their clinical appointments
[86]. Again, in Argentina, patients suffering from Chagas disease
received appointment reminders via mHealth applications from health-
care workers [87]. Furthermore, a survey conducted in Kenya indicated
that mHealth applications such as SMS and phone calls improved the
uptake of HIV tests by increasing appointment attendance among pa-
tients [88]. The findings from these countries suggest that mHealth ap-
plications have improved appointment reminders of patients.

3.2.6. mHealth for communication between healthcare providers and
patients

Recent studies have revealed that the use of mHealth applications has
improved significantly the relationship between healthcare providers
and their patients [33, 77]. For instance, studies conducted in LMICs
illustrated that mHealth interventions could enhance patient-health
provider communication aimed at improving self-management of dia-
betes [42, 63]. Research has shown that mHealth has the potential to
strengthen postnatal care in several rural communities in LMICs [89].
Again, in LMICs, regular communication via mHealth between health
professionals and their patients has improved the quality of treatment
support given to patients and increased patient-clinician relationships
[37]. A study in India suggested that mHealth applications were used for
communication with tuberculosis patients during care and treatment
procedures [90].



E. Osei, T.P. Mashamba-Thompson Heliyon 7 (2021) e06639
In South Africa, mHealth applications assisted in coordinating care,
speed-up patients referrals, encouraged medication, and clinic appoint-
ment adherence via communication [62]. Moreover, in Saudi Arabia,
mHealth communication helped patients to constantly engage their
healthcare providers remotely in managing their mental health condi-
tions [91]. A survey conducted in Nigeria illustrated that mHealth ap-
plications could provide cost-effective solutions to communication
barriers between patients and their healthcare providers in rural clinics
[92]. Furthermore, in Malawi, mHealth could help improve the avail-
ability of scientific and medical research to physicians, enhancing
communication between physicians and their patients, and encouraging
networking among physicians [93]. The findings from these countries
demonstrate that mHealth applications promoted communication be-
tween healthcare providers and their patients.

3.2.7. mHealth for maternal and child health
The consistent provision of quality maternal and child health services

is a significant challenge for LMICs where most of the population dwells
in rural communities [94, 95]. Low utilization of antenatal care (ANC),
delivery services, and postnatal care (PNC) have been identified as major
contributing factors for high maternal and child mortality rates in LMICs
[94]. Mobile health applications are recognized as tools that could
address some of these challenges to help improve quality health services
rendered to expectant mothers and neonates [95, 96, 97]. For instance,
studies conducted in some LMICs revealed that mHealth interventions
are one of the practical solutions needed to improve maternal, neonatal,
and child health services [8, 43]. Other studies conducted in LMICs found
that mHealth applications are considered as tools that could strengthen
PNC given to mothers and neonates in rural areas to promote quality
healthcare [89, 96]. Research has shown that in LMICs, mHealth appli-
cations have the potential to enhance ANC and PNC services particularly
targeted at changing the behavior of pregnant women and mothers in the
postnatal period [98].

According to Atnafu et al., mHealth interventions on maternal and
child health services have increased the number of antenatal care visits
by expectant mothers and the percentage of delivery attended by
healthcare workers in Ethiopia [94]. A study in Ghana demonstrated that
mHealth applications improved maternal and neonatal care among the
rural poor by providing themwith information on postpartum depression
and education on essential vaccinations and management of critical
childhood diseases [60]. Studies conducted in India and Bangladesh
showed that mHealth applications promoted quality maternal, neonatal,
and child health services, particularly in hard-to-reach communities [99,
100]. In Nigeria revealed that mHealth applications could change the
behavior of pregnant women and improve the quality of maternal and
child health services provided by frontline community health workers
[101]. The results from the studies across these countries identified
mHealth applications as solutions that could improve maternal and child
health, particularly for resource-limited settings.

3.3. Risk of mHealth applications in healthcare in LMICs

Although research available indicates the potential benefits of
mHealth applications, there are some risks associated with the use of
these technologies. A study conducted in LMICs revealed that some pa-
tients are non-adherent to medication procedures though they are using
mHealth applications for self-management [102]. Also, patients
receiving text messages only without follow-ups are unable to get the
necessary medical assistance to actively manage their health conditions
at home [102, 103]. Other studies further demonstrated that the use of
mHealth applications alone may not be as effective in promoting patient
self-management as anticipated [104, 105]. In LMICs, a study found that
the use of mHealth technologies by some HIV patients indicated a
higher-risk of non-adherence to antiretroviral treatment [106]. Research
has demonstrated some potential risks associated with mHealth appli-
cations are the wrong amount of medications administered by patients
4

and inaccurate interpretation of data by both patients and healthcare
professionals [107].

Other risks associated with the use of mHealth interventions could be
data transmission problems and wrong insertion of data by patients that
may affect their health conditions when medical decisions are taken
based on such data [108, 109]. Also, a study in LMICs has shown that
using mHealth applications remotely could pose a risk in situations
where are drug-drug interactions and patients suffering from hypogly-
cemia that could lead to complications [110]. A similar study conducted
in LMICs has illustrated that some mHealth apps designed for the opioid
conversion of dosage or detection of melanoma showed poor accuracy as
they did not follow evidence-based guidelines [111]. Also, poor security
of patients' data could pose a major risk for patients and healthcare
professionals using mHealth apps to support healthcare delivery [110].
In addition, research has shown that mHealth apps that carry out com-
plex tasks such as drug dosage calculations may have a greater risk po-
tential because of programming errors [112]. Furthermore, mHealth
apps that have out-of-date content or contain inaccurate content could
increase the risk of causing harm to potential users [113].

3.4. mHealth patient pathway in LMICs

Currently, the hospital setting is becoming a dynamic environment
where clinical staff, patients, and healthcare systems are constantly in
motion. The daily operations of healthcare depend on a complex archi-
tecture of information, clinical staff, processes as well as physical assets
[114]. In such an environment where clinical information is siloed and
clinical processes occur independently, duplication and waste are un-
avoidable [114]. This affects quality, efficiency, patient satisfaction, cost
of care, and others. Healthcare systems or hospitals are being
re-engineered with knowledge and technologies in promoting quality
care delivery [115]. mHealth technology is one of the key strategies
needed in finding clinical solutions across the range of operations in
hospitals. With the integration of mHealth applications, health facilities
are creating new patient-provider interactions, sharing and capturing
clinical knowledge at point-of-care, and addressing issues of cost and
quality [115]. mHealth innovations are being driven by systemic gaps in
healthcare delivery such as inadequate health infrastructure, insuffi-
ciently skilled health professionals, lack of specialty physicians, and
others [116]. Patients are now able to use mHealth for point-of-care di-
agnostics, disease screening, and treatment procedures of conditions due
to the uniqueness of wireless technology and the imperative desire to
transform healthcare delivery [117]. Patients could access healthcare
services such as diagnostics, screening, medication adherence, appoint-
ment reminders, follow-ups, and others with mHealth innovations due to
the advancement of technologies. Figure 1 demonstrates a patient
pathway of using mHealth for healthcare delivery.

3.5. Facilitators for implementing mHealth applications

Facilitators of mHealth applications in LMICs are associated with
financial support, sound policy decision, leadership abilities, connectiv-
ity, capacity building, and others [118]. Facilitators identified toward
implementing mHealth applications for disease screening and treatment
support in LMICs are knowledge, attitudes, and perceptions of stake-
holders on the use of mHealth and the performance of mHealth for dis-
ease diagnosis [119, 120, 121].

3.5.1. Knowledge, attitudes, and perceptions of stakeholders on mHealth
applications

Knowledge, attitudes, and perceptions of stakeholders on the use of
mHealth applications to support the provision of quality healthcare are
essential. In this review, healthcare stakeholders are referred to health
workers, patients, health managers, health insurance companies, em-
ployers, pharmaceutical firms, non-government organizations, govern-
ments, and others involved in healthcare services [7]. A survey



Figure 1. A proposed patient pathway of using mHealth for accessing healthcare services.

E. Osei, T.P. Mashamba-Thompson Heliyon 7 (2021) e06639
conducted in an LMIC revealed that health professionals believe that
mHealth interventions can promote accuracy and efficiency in healthcare
delivery [37]. Studies have demonstrated that health professionals and
other users of mHealth generally had positive attitudes toward the use of
mHealth to promote quality healthcare delivery in sub-Saharan Africa
[122, 123].

A study conducted in Ghana found that some healthcare stakeholders’
knowledge on the use of mHealth interventions to support healthcare is
low [124]. In Mozambique, research showed that healthcare workers and
patients have considerable expertise in using mHealth interventions to
support healthcare delivery [77]. Atnafu et al. reported that health
extension workers exhibited good knowledge and a highly favorable
attitude towards the use of mHealth interventions to promote maternal
health services in Ethiopia [94]. In Nigeria, medical doctors had a very
high knowledge of the use of mHealth applications to support the
treatment and management of patients' conditions [125]. Studies in
Saudi Arabia demonstrated that healthcare workers had poor attitudes
and perceptions towards the use of mHealth for disease screening and
treatment support [126, 127]. Moreover, in Iran, a study indicated that
older users had negative attitudes toward the use of mHealth applications
for disease screening and treatment [128].

In Ethiopia, research has found that diabetic patients showed their
willingness to receive healthcare services via mHealth interventions
[129]. Prior studies demonstrated that health workers perceived
5

mHealth interventions as supportive in giving accurate diagnoses of
diseases during consultations and treatment procedures in Tanzania and
Senegal [119, 120]. According to Laktabai et al., both patients and health
professionals are comfortable using mHealth interventions to support
healthcare delivery in Kenya [121]. A study in Ghana revealed that pa-
tients are confident that their medical information's privacy would be
protected with the use of mHealth applications [130]. Similar studies
showed that primary healthcare workers exhibited positive perceptions
concerning the relevance and benefits of introducing mHealth in-
terventions to support healthcare delivery in Nigeria and Ghana [122,
130].

In addition, studies carried out in Kenya, and Mozambique revealed
that some health workers and patients felt that using mHealth in-
terventions to support healthcare was comfortable and convenient [80,
131]. Again, a study conducted in South Africa demonstrated some
health workers' interest in using mHealth interventions to support
healthcare but raised concerns about privacy [81]. The findings pre-
sented from some of the studies in these countries illustrated that users of
mHealth applications have considerable knowledge on the use of
mHealth and are comfortable in using such technologies in practice. This
may due to the high penetration rate of mobile phones in sub-Saharan
Africa and the relatively higher level of awareness of such technologies
used in promoting healthcare delivery. The findings further revealed that
in sub-Saharan Africa, users showed a positive attitude towards the use of
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mHealth as compared to those from Saudi Arabia and the Philippine with
poor attitudes. This may be due to less than 6% of healthcare providers
and patients using mHealth applications to support healthcare in Saudi
Arabia and the Philippine.

3.5.2. Performance of mHealth applications for disease diagnosis
The performance of mHealth in this review has been defined as the

use of mHealth devices to give an accurate diagnosis of disease condi-
tions in a population [131]. Research suggested that some mHealth de-
vices offer analytical sensing abilities, which can be explored when
typical tools designed for diagnostic purposes cannot be accessed quickly
[132]. A survey carried out in an LMIC showed that mHealth in-
terventions had demonstrated a significant promise to effectively di-
agnose neglected tropical diseases (NTDs) in resource-poor settings
[133]. Studies conducted in rural settings of Ghana and Côte d’Ivoire
illustrated that mHealth devices were used to diagnose Schistosoma
mansoni, Schistosoma haematobium accurately, and other Intestinal Pro-
tozoa infections to assist health workers in providing quality healthcare
services [134, 135]. Jaworek-Korjakowska et al. reported that mHealth
applications were also utilized to accurately diagnose or detect Malignant
Melanoma cases among individuals in Poland [136]. A study in
Madagascar has shown that mHealth devices were deployed to accurately
diagnose soil-transmitted helminth infections to promote healthcare
delivery [137].

Again, in Botswana and Madagascar, studies have demonstrated that
mHealth devices were also used to accurately screen cervical cancer and
Human Papillomavirus-positive conditions for early treatment to be
initiated [138, 139]. In India, a study revealed that mHealth applications
have been deployed to accurately diagnose cardiometabolic diseases
[140]. According to Coulibaly et al., mHealth interventions were incor-
porated into the routine practice of community-based screening activities
to detect or diagnose malaria infections in Côte d’Ivoire [141]. Also, in
Senegal, mHealth interventions have been used to accurately screen
cardiovascular conditions in low-income backgrounds to support the
provision of quality healthcare services [142]. The results from the
studies across these countries revealed that mHealth applications have
been utilized to accurately diagnose and screen some diseases to promote
quality healthcare delivery.

3.6. Barriers and challenges relating to the implementation of mHealth
applications

Despite the global increase in mHealth applications to support uni-
versal health coverage, several barriers and challenges are affecting the
adoption of such interventions by healthcare stakeholders [7]. Barriers
and challenges related to the implementation of mHealth across LMICs
include geographical access and internet connectivity barriers, policy/-
regulatory barriers, funding challenges, limited healthcare workers
competence, limited awareness of mHealth services, inadequate infor-
mation and communication technology (ICT) infrastructure, poor archi-
tecture and standardization, and many others [143, 144, 145, 146, 147].

3.6.1. Geographical access and internet connectivity barriers
Geographical access is one of the significant barriers affecting the

implementation of mHealth technologies and applications for disease
screening and treatment support across resource-limited settings in
LMICs [148]. Past studies have demonstrated that many LMICs pop-
ulations are based in rural settings, and access to healthcare requires
travelling long distances with high transportation costs and poor road
networks [145, 146]. This may prevent several patients from seeking
healthcare and can affect their health conditions. mHealth interventions
may be one of the tools to help people in hard-to-reach communities
access healthcare. Due to unreliable mobile network coverage or insuf-
ficient cellular signal, unstable internet services, and a lack of continuous
power supply, they are unable to access healthcare via mHealth [144,
148, 149]. In many LMICs, bandwidth for internet connectivity is
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minimal, and the cost involved in internet connectivity remains expen-
sive since the majority of people cannot afford [149]. Research has
shown that rural communities in LMICs have feeble network connections
used in transmitting data, which may sometimes affect the quality of
images from reported cases [144]. Many patients have short battery life
for their mobile phones due to lack of power supply, particularly for
patients in hard-to-reach communities. Again, research revealed that in
LMICs, six out of ten people do not have access to electricity, and even
those who have access experience continuous blackouts [150]. To this
end, implementing and accessing mHealth services pose a challenge for
such patients.

3.6.2. Policy/regulatory barriers
In many LMICs, weak policy regulations are guiding mHealth de-

velopments, implementation, and accessibility as compared to the Data
Protection Regulation for countries within the European Union (EU) and
the Health Insurance Portability and Accessibility Act (HIPAA) in the US
[151, 152, 153]. Several LMICs do not have well developed national
policies, regulatory frameworks that are essential components for the
establishment of standard protocols, common technical infrastructure,
and interoperability systems to adopt mHealth in healthcare [154]. In
LMICs, where mobile phones may be shared between family members,
there are huge concerns about data breaches. Also, weak policy regula-
tions and guidelines on patients' data security and privacy in LMICs may
affect many patients' desire to access healthcare through mHealth [155].
Moreover, recent studies in LMICs have also suggested that fragile policy
guidelines and regulatory frameworks may lead to compromising data
integrity, especially when text messages are sent via insecure protocols,
storing data on third party servers and weak log systems [152, 153].
Furthermore, research has demonstrated that in some LMICs, there is no
robust legal framework needed to guide health data transfer, data stor-
age, identify access control and medical liability that are key to imple-
menting mHealth interventions [151].

3.6.3. Funding challenges
One of the significant barriers to mHealth intervention is the incon-

sistent funding of mHealth applications in many LMICs by governments.
This leaves such countries to rely on development partners, multinational
organizations, and non-governmental organizations (NGOs) for assis-
tance solely [145, 154]. Designing, developing, and maintaining ICT
applications infrastructure is highly expensive; the costs involved are
mostly higher than the budgetary allocations dedicated to the health
sectors in several LMICs [7]. Also, mHealth infrastructure financing re-
quires systematic coordination and collaboration among several partners
within the public and private sectors of the economy [154]. If this fails,
implementing mHealth applications will be a significant difficulty. In
LMICs, health facilities are unable to partner with other governmental
agencies and the private sector to mobilize enough resources needed to
support mHealth [154]. This makes the implementation of mHealth a
major challenge. Research has demonstrated that individuals who use
mHealth interventions in some LMICs are charged for utilizing such
services [154, 155]. When the costs attached to using mHealth services
are not affordable, most patients, especially those in hard-to-reach
communities, will not be able to access the services [156, 157]. Hence
that may affect their health conditions.

3.6.4. Limited awareness of mHealth
One of the significant barriers affecting the implementation of

mHealth is the limited awareness of most stakeholders on the potential
benefits of using mHealth to support healthcare delivery [145]. Some
healthcare stakeholders do not know the potential benefits of incorpo-
rating mHealth in healthcare provision, especially LMICs [7]. Also, the
accessibility and utilization of mHealth services may be limited if the
general public or patients are not aware of the numerous benefits of
mHealth [146]. Given this, there should be medium to long-term
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strategic plans in health sectors of LMICs to develop mHealth infra-
structure to create more awareness to support healthcare delivery [7].

3.6.5. Limited healthcare workers competence in mHealth
Studies have indicated that in LMICs, there are inadequate ICT

trained health professionals to man these mHealth interventions to
support universal health coverage [154, 158]. Most health professionals
and other stakeholders do not have sufficient knowledge in information
technology (IT) needed to deploy and effectively manage mHealth in-
terventions to promote quality healthcare delivery [154]. Also, the
general public or patients expect healthcare professionals to respond
timely to any request via mHealth and should have the requisite com-
petencies to provide such services [77]. This underpins the need for
healthcare professionals to be given additional and efficient training in
using and managing any mHealth interventions.

3.6.6. Inadequate information and communication technology infrastructure
(ICT)

Several LMICs have a lot of existing mHealth interventions that are on
small scale levels and fragmented with minimal coverage due to poor ICT
infrastructure [145, 147]. ICT infrastructure in various forms is the
essential requirement for mHealth interventions, but in most LMICs, the
coverage and reliability of such support are a significant challenge [154].
The poor ICT infrastructure within the healthcare industry can also be
attributed to the inability of most ministries of communication, finance,
and technology to support and finance the deployment of ICT infra-
structure to promote mHealth [147, 159]. Similarly, the poor ICT infra-
structure can be ascribed to the weak deployment of a network
infrastructure that is a prerequisite for any ICT strategy in any sector,
including the healthcare industry [143]. Research has shown that inad-
equate ICT infrastructure makes the implementation of mHealth in
resource-limited settings a significant challenge affecting patients' health
conditions [146].
Figure 2. A proposed framework for improving the implementation o
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3.6.7. Poor architecture and standardization
The main goal of mHealth applications is to make them become part

of the healthcare systems so that their data can be distributed across
different healthcare applications and connect to electronic healthcare
systems as well as national or international programs [144]. However,
studies have demonstrated that the lack of interoperability of mHealth is
another barrier in implementing mHealth interventions for improving
the provision of quality healthcare [143, 147]. Other research has also
revealed that there are no typical architecture and standardization for the
many existing mHealth interventions, especially in some LMICs [158].
The absence of a typical technical architecture that enables interopera-
bility and scale-up of mHealth interventions makes the implementation
of such programs very difficult. The lack of integration of mHealth in-
terventions with the relevant national health systems poses accessibility
and utilization challenges for populations in hard-to-reach communities
[147, 154]. Again, many LMICs are confronted with the problem of
integrating mHealth into the existing eHealth initiatives and the over-
arching health and poor ICT infrastructure to ensure their operationali-
zation [147].

4. Discussion

The review provides an overview of the literature on the benefits of
mHealth applications; risks of using mHealth applications; facilitators
and barriers toward implementing mHealth for disease screening and
treatment support in LMICs. Our study shows numerous significant evi-
dence on the benefits of mHealth for screening infectious diseases, non-
infectious diseases, disease surveillance, medication and treatment
compliance, appointment reminders, communication between health
providers and patients, and maternal and child health [38, 40, 41, 42, 47,
55, 60, 63, 96, 160]. The results from the studies show that mHealth
applications are used for screening infectious and non-infectious diseases
most often in India than in other countries in South America and
f mHealth for disease screening and treatment support in LMICs.
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sub-Saharan Africa probably due to the higher technology advancement.
The findings also demonstrate that mHealth applications improved dis-
ease surveillance, medication and treatment compliance, appointment
reminders, communication, and maternal and child health across many
LMICs.

The review also suggests that healthcare stakeholders have consid-
erable knowledge on the use of mHealth applications and are comfort-
able in using such technologies [122, 123, 125]. This could be due to
some form of education they might have received on mHealth technol-
ogies and applications. The findings further indicate that in sub-Saharan
Africa users show favorable attitudes toward the use of mHealth as
compared to the poor attitude across Saudi Arabia and the Philippine
[122, 123, 125, 126, 127]. This is because of the higher mobile phone
penetration rate and some level of awareness creation of such technol-
ogies in sub-Saharan Africa. In Saudi Arabia and Philippine, there is an
extremely small percentage of health workers using mHealth applica-
tions and a low level of awareness of such technologies. Again, the review
illustrates that mHealth devices provide accurate diagnostic procedures
for a few disease conditions across LMICs to promote quality healthcare
services [133, 136]. The review further illustrates some risks associated
with the use of mHealth such as non-adherence to antiretroviral treat-
ment, the wrong amount of medications, inaccurate data interpretation,
wrong insertion of data by patients, and others across many LMICs [106,
107, 108].

Despite the rising interest in mHealth in recent times, the literature
suggests that access to mHealth applications remains a challenge and
requires urgent attention. The research also reveals some potential
challenges and barriers that hinder the implementation of mHealth for
disease screening and treatment support in LMICs. These are geograph-
ical access and internet connectivity barrier, policy/regulatory barrier,
limited awareness of mHealth applications, inadequate ICT infrastruc-
ture, limited healthcare workers' competence in mHealth, funding chal-
lenges, poor architecture, and standardization in LMICs [143, 145, 146,
147, 154, 155, 158]. Besides, the literature further illustrates that these
challenges and barriers do not act in isolation and hence require the
attention of all relevant healthcare stakeholders to help improve the
implementation of mHealth interventions.

Considering the numerous challenges and barriers confronting the
implementation of mHealth in LMICs, we propose a framework for
improving the implementation of mHealth for disease screening and
treatment support in LMICs (Figure 2). The proposed framework is
basically to address the identified challenges and barriers that may arise
when implementing mHealth in LMICs. This proposed framework will
also improve the implementation of mHealth to help achieve universal
health coverage, particularly for hard-to-reach populations. The building
blocks in this framework include geographical barriers, human resource
barriers, policy barriers, data security and privacy, and knowledge, at-
titudes, and perceptions of users [153, 154]. This framework seeks to
help implement mHealth in resource-limited settings by expanding mo-
bile network coverage, supplying stable internet services, and providing
mHealth without the internet and at no cost to patients. Also, expanding
electricity coverage to rural communities and continuously supplying
electricity will sustain rural health workers and their patients' interest in
mHealth.

The availability of adequately trained human resources is further
required for increasing accessibility, utilization, and implementation of
mHealth applications. Since health professionals are not traditionally
taught to use mHealth to provide healthcare, it is essential to train these
people and empower them to respond timely to patients' needs in this
regard. Similarly, to implement mHealth, there is the need to develop
more robust regulation frameworks, secure channels for data trans-
mission, and secure location for data storage. In doing this in LMICs, the
data protection policy established by either the US or EU could be
adopted to support the development of mHealth to strengthen patients'
data security, privacy, and confidentiality. The evidence available shows
that adopting such policies could improve the security of patients’ data
8

leading to an increase in the utilization of mHealth for disease screening
and treatment support in LMICs. Others include building and expanding
more ICT infrastructure with increased collaboration between health
providers and telecommunication companies, align new and existing
mHealth with national health goals, and many others. Furthermore, this
framework seeks to suggest that potential mHealth users should be
educated to create more awareness of the existence and usefulness of
mHealth applications to help promote its implementation.

5. Conclusion

The use of mHealth applications for achieving universal health
coverage, particularly for hard-to-reach populations, cannot be under-
estimated. The review illustrates several significant usefulness of
mHealth applications to promote quality healthcare delivery in LMICs.
This review identifies some risks associated with the use of mHealth
applications for disease screening and treatment support in LMICs. The
study also shows limited research in the literature of knowledge, atti-
tudes, and perceptions of stakeholders on the use of mHealth for disease
screening and treatment support in LMICs. In addition, the review sug-
gests limited research in the literature on the use of mHealth for diag-
nostic accuracy of diseases in LMICs. Furthermore, the study
demonstrates several barriers and challenges of implementing mHealth
for disease screening and treatment support in LMICs. Therefore, we
proposed a framework for improving the implementation of mHealth for
disease screening and treatment support in LMICs. Finally, we also
recommend that future research should focus on the performance of
mHealth on health outcomes in LMICs.
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