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Background In resource-constrained settings, mobile health (mHealth)
has varied applications. While there is strong evidence for its use in
chronic disease management, the applications of mHealth for manage-
ment of acute illness in low- and middle-income countries (LMICs) are
not as well described. This review systematically explores current avail-
able evidence on the effectiveness of mHealth interventions at improving
health outcomes in emergency care settings in LMICs.

Methods A systematic search of the literature was performed in accor-
dance with PRISMA guidelines, utilizing seven electronic databases and
manual searches to identify peer-reviewed literature containing each of
three search elements: mHealth, emergency care (EC), and LMICs. Ar-
ticles quality was assessed using the Grading of Recommendations As-
sessment, Development and Evaluation (GRADE) criteria.

Results After removing duplicates, 6498 studies met initial search cri-
teria; 108 were eligible for full text review and 46 met criteria for inclu-
sion. Thirty-six pertained to routine emergency care, and 10 involved
complex humanitarian emergencies. Based on the GRADE criteria, 15
studies were rated as “Very Low” quality, 24 as “Low” quality, 6 as “Mod-
erate” quality, and 1 as “High” quality. Eight studied data collection, 9
studied decision support, 15 studied direct patient care, and 14 stud-
ied health training. All 46 studies reported positive impacts of mHealth
on EC in LMICs.

Conclusions Mobile health interventions can be effective in improving
provider-focused and patient-centered outcomes in both routine and
complex EC settings. Future investigations focusing on patient-centered
: outcomes are needed to further validate these findings.

Mobile phones have evolved from simple communication devices to smart-
phone platforms with advanced data storage, internet access, and photo-
graphic capabilities. These emerging technologies have been widely adopted
in health care and fall under the inclusive term mobile health (mHealth),
defined by the World Health Organization (WHO) as “medical and public
health practice supported by mobile devices, such as mobile phones, patient
monitoring devices, personal digital assistants, and other wireless devices.”
[1]. Mobile health advances have enabled cutting edge health care in tradi-
tionally resource-constrained environments [2].
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Mobile health applications improve upon the disproportionately poor health outcomes that low- and- mid-
dle-income countries (LMICs) are known to endure [2]. The evidence base for mHealth in LMICs is robust
but largely focused on chronic care. There are numerous systematic reviews and meta-analyses detailing the
effectiveness of mHealth on the care for various chronic diseases in LMICs, revealing improved medication ad-
herence, symptom control, and lowered risk of death and hospitalization [3-5]. However, mortality associated
with routine emergency care (EC) in LMICs is several-fold higher than in high-income countries (HICs) [6,7],
and complex humanitarian emergencies (CHEs) are known to exhibit extremely high mortality rates, particu-
larly when they occur in an LMIC [8]. These well documented inequities lend themselves to innovative inter-
ventions, such as mHealth. There is a growing body of literature on the use of mHealth for addressing acute
care needs in LMICs that has yet to be synthesized. Initial studies on the utility of mHealth in EC in LMICs
are promising. The objective of this systematic review is to provide the first formal synthesis of the effects of
mHealth as it relates to emergency care in LMICs.

METHODS

Search strategies

This systematic review was developed and conducted in collaboration with the Global Emergency Medicine
Literature Review (GEMLR) group and the Usher Institute of Population Health Sciences and Informatics (Uni-
versity of Edinburgh). The Usher Research Ethics Group approved systematic review protocol, which was then
registered with PROSPERO (registration number CRD42019151080) on December 20, 2019. The published
study protocol is available in Appendix S1 of the Online Supplementary Document and searchable on PROS-
PERO. A rigorous search strategy was designed in collaboration with a health sciences medical librarian with
the goal of identifying all randomized controlled trials and observational studies that described the effective-
ness of mHealth interventions on EC in LMICs. No patients were asked for input in the creation of this article.

Five unique electronic databases were systematically searched: Pubmed, OVID: Global Health (CABI), Embase,
Web of Science, and Global Index Medicus. These databases were selected with the goal of including all pub-
lished literature worldwide. Eligible studies included all randomized controlled trials (RCTs) and observational
studies with controls that included each of three major search themes: mobile health, emergency care, and LMIC
(see Appendix S2 in the Online Supplementary Document). The initial search strategy was developed within
Pubmed and adapted for the remaining four databases. Free text terms and standardized MeSH headings/sub-
headings in the context of Boolean operators and appropriate search term truncation were utilized to optimize
sensitivity for relevant literature while minimizing excess search results. The search strategy was optimized via
multiple trial searches, verifying that all previously identified relevant studies were included. The reference lists
of prior similar reviews and studies likely to meet inclusion criteria were searched manually to both verify search
sensitivity and identify other potentially relevant studies that were not identified by the electronic search. A man-
ual grey literature search was also performed via advanced Google searches targeting organizations (eg, World
Health Organization and International Committee of the Red Cross) known to publish global EC literature. See
Appendix S2 in the Online Supplementary Document for the specific search strategies utilized for each database.

Data processing

After removal of duplicate articles, two independent reviewers screened each title and abstract. Covidence, an
online systematic review platform, was utilized to facilitate study screening [9]. The primary author (WITW)
screened all titles and abstracts, and second reviewers (CB, SG, PR, MS) each screened one quarter. Discrepan-
cies were resolved by a third reviewer from the GEMLR group. The same procedure was followed for full-text
screening. Articles were excluded if they were not in English or Spanish, clearly irrelevant to the topic (such
those with a focus on chronic disease management and/or care in high-income countries), not emergency
care, considered social media (internet based applications, such as WhatsApp or Twitter, that allow exchange
of user created content [10]), not mHealth, evaluating non-health care related outcomes (such as economic/
monetary outcomes, supply chain efficiency, management or process outcomes), not undertaken in a LMIC,
or abstract-only publications.

Data extracted from final manuscripts included: author, publication date, location, study type, mHealth inter-
vention type, setting (routine EC or CHE), methods, primary outcomes, secondary outcomes, and limitations.
Study quality was assessed using the Grading of Recommendations Assessment, Development, and Evaluation
(GRADE) criteria [11]. Criteria proposed by the Preferred Reporting Items for Systematic Reviews and Me-
ta-analyses (PRISMA) statement were adhered to in reporting [12].
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Data analysis

The study aims resulted in significant heterogeneity in study type, methodology, intervention, and outcomes.
Even when studies were stratified into four categories of mHealth interventions (decision support, data collec-
tion, direct patient care, and health education), significant heterogeneity remained. The requisite criteria for
formal meta-analyses and funnel plots were not met, and therefore, a qualitative analysis and narrative synthe-
sis was undertaken. Thematic analysis was undertaken focusing on the effectiveness of the health outcomes in
each of the four different categories of mHealth applications in EC in LMICs.

RESULTS

A total of 8947 articles were identified for screening via database searches, and 12 were included based on the
grey literature search (Figure 1). After removal of duplicates, 6495 unique articles were included in title and
abstract screening. A total of 108 articles met criteria for full text screening. 62 articles were excluded during
full text screening, leaving 46 articles that met criteria for inclusion.

PAPERS

Peer Reviewed Literature Search GrayLiterature Search
(N=8,935) (N=12)

=
2
g
=
=3
=
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=

'
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1) Not in English or Spanish (N=0)
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3) Not Emergency Care (N=13)

4) Intervention is social media (N=0)
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6) Cutcomes not health related (N=5)
Studies for synthesis 7) Study not performed in LMIC (N=0)

(N=46) 8) Abstract only available (N=20)

( Included > Gull text revie\D ‘ Screening )

Figure 1. PRISMA flow diagram.

Of the 46 included studies, 45 were published in peer-reviewed journals, and one was a grey literature publica-
tion. Thirty-six encompassed routine EC, and 10 involved CHEs. Geographically, publications originating from
all six WHO Member State Regions were included [13]. Based on the World Bank development indices, this sys-
tematic review encompassed 16 studies from low-income countries, 12 studies from lower-middle income coun-
tries, and 17 studies from upper-middle income countries. A single study reported data from three distinct coun-
tries, World Bank development classifications, and regions [14]. Table 1 provides general study characteristics.

Methodologically, 7 studies were randomized controlled trials (RCTs), 21 were observational cohorts with
control groups, and 18 were observational pre/post studies. Of the four prespecified categories of mHealth in-
terventions delineated in this systematic review, 8 studied data collection interventions [15-22], 9 studied de-
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Table 1. Study characteristics

WHO REGIONAL OFFICE* N (%) WHO REGIONAL OFFICE* N (%)
AFRO 19 (42.2%) Methodology
AMRO 7(15.5%) RCT 7(15.2%)
SEARO 10 (22.2%) Observational cohort 21 (45.7%)
EURO 2 (4.4%) Observational pre/post 18 (39.1%)
EMRO 4 (8.8%) mHealth intervention
WPRO 3(6.6%) Data collection 8 (17.4%)
World Bank Development Index* Decision support 9 (19.6%)
Low income 16 (35.5%) Direct patient care 15 (32.6%)
Lower-middle income 12 (26.6%) Health trainings 14 (30.4%)
Upper-middle income 17 (37.7%) GRADE quality
Setting High 1(2.2%)
Complex humanitarian crisis 10 (21.8%) Moderate 6 (13.0%)
Routine emergency care 36 (78.2%) Low 24 (52.2%)
Very low 15 (32.6%)

WHO - World Health Organization, AFRO — African Regional office, AMRO — American regional office, SEARO — South-East Asian re-
gional office, EURO — European regional office, EMRO — Easter Mediterranean regional office, WPRO — Western Pacific regional office,
RCT — randomized controlled trial

*Finette et al. reported data from Burkina Faso (AFRO/low income), Ecuador (PAHO/upper-middle income), and Bangladesh (SEARO/
lower-middle income) [14].

cision support interventions [14,23-30], 15 studied direct patient care interventions [31-45], and 14 studied
health training interventions [46-59]. Table 2 provides detailed study characteristics. The four prespecified
subtypes of mHealth interventions were utilized to structure the thematic analysis.

Data collection

The 8 studies in this category include 4 that were undertaken during humanitarian crises: two during the 2010
Haiti earthquake and two during the 2014-2016 West African Ebola epidemic. The Haitian studies report on the
effectiveness of mobile phone sim card data to both predict population movements and infectious outbreak pres-
sure in humanitarian crisis settings [15,16]. Mobile-phone based models outperformed traditional large data sets,
and the calculated infectious pressure at outbreak onset was significantly correlated with reported cholera cases
during the first ten days of the epidemic. Population level epidemiological monitoring was improved in all four
studies evaluating mHealth data collection tools in the setting of disease outbreaks, such as EVD or malaria. When
compared to the standard paper method, there was improved timeliness of submission and data completeness
[17,18,21,22]. Two observational studies found short messaging service (SMS) an effective means to obtain indi-
vidual level symptom and health seeking data [19,20]. Specifically, individual-level SMS messaging was used to
monitor EVD symptoms and found to have a strong positive linear correlation between cell phone syndromic sur-
veillance and reported EVD suspect cases and deaths. Mobile health data collection interventions appear to be effec-
tive on population and individual levels as compared to traditional paper or door-to-door data collection methods.

Decision support

These 10 studies include a single RCT and nine observational studies that evaluated smartphone-based triage
tools, evidence-based smartphone algorithms, and provided diagnostic support from specialists. To assess the
feasibility of decision support instruments, a mixed-methods study utilized self-assessments to evaluate a neo-
natal care decision support application. Healthcare workers (HCWs) reported improved clinical confidence
and perceived improvements in the quality of newborn care [26]. Further, a before-and-after study with a sim-
ilar neonatal resuscitation support application was employed in a Uganda labor and delivery unit. This study
employed trained third party observers to evaluate neonatal resuscitation and found the mean adherence to
the standards of neonatal resuscitation to increase from 46% pre-intervention to 94% post-intervention [27].
Mobile health applications for patient triage outperformed standard paper assessments in acutely ill children
and adults. These studies found improved accuracy in the triage of general ED patients in Thailand, acutely
dehydrated patients with diarrhea in Bangladesh, and in a multinational cohort of children <5 years of age as
compared to the gold standard paper triage assessments [14,29,30]. Finally, a single study found somewhat
limited utility of remote visual diagnostics in pediatric burn patients. Remote specialists had highly accurate
total body surface area (TBSA) estimates but poor depth assessments [25]. All nine studies concluded that mo-
bile health decision support interventions were an effective means to improve EC in LMICs.
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Mobile health and emergency care in LIMC

Direct patient care

The 15 studies in this category include a single RCT and 14 observational trials. Six observational studies eval-
uated novel technologies such as point-of-care (POC) testing [31,38], patient monitoring devices [37,43], or
app-based health resource management [41,44]. A pilot study evaluated the ability of smartphone cameras
coupled with an mHealth app to perform a POC assay for Ebola IgG antibodies. It found 100% sensitivity and
100% specificity on a cohort of 25 known positive subjects and 5 controls [31]. Utilizing a novel, stand-alone
mobile instrument, a prospective cohort of 150 children <5 years of age requiring admission in Uganda found
POC lactate testing to be a better prognostic marker of mortality, than any single clinical sign or composite
clinical risk score [38]. A mHealth app studied in Bangladesh collected minute-long segments of pulse oxim-
etry, blood oxygen saturation (SpO,), heart rate, and respiratory rate in children under 5 years of age present-
ing to a tertiary care hospital. This application found pulse rate variability and hypoxia to be the two strongest
predictors of admission [37]. Another prospective cohort compared a novel patient monitor device in an Ebola
Treatment Center to standard nurse taken vital signs and displayed strong correlations for temperature, heart
rate, and respiratory rate [43]. Finally, an mHealth application produced a 24-minute reduction in the time was
observed between the identified need for blood and transfusion, as compared to standard paper systems [41].

PAPERS

The remaining nine studies encompassed telehealth interventions that took place in all phases of care from
patient homes to the prehospital arena to health facilities, including a single telehealth study in a CHE. Tele-
cardiology support for HCWs, in particular, was a recurrent theme encountered in this sector of mHealth. Six
observational studies evaluating tele-cardiology support in acute coronary syndrome for prehospital provid-
ers or other HCWs such as emergency or primary care providers demonstrated significantly improved rates of
administration of aspirin (91% vs 58%), improved rates of primary reperfusion, faster door-to-balloon (D2B)
time for STEMI (D2B time <90 minutes: 82.5 vs 26.0%), a reduction of in-hospital mortality rates (12.3% vs
7.1%), and a reduction in thirty-day mortality rates (19.8 vs 5.1%) [32,33,36,39,40,42]. The lone RCT in this
subgroup randomized ambulances staffed with EMS providers to real-time telehealth support vs standard care
for the rate of correct primary diagnosis in the prehospital arena. They demonstrated significant improvement
in arriving at the correct prehospital diagnosis and demonstrated nonsignificant trends towards improved the
percentage of patients receiving appropriate prehospital management [34].

Health training

A total of 14 studies described the use mHealth technologies for an educational purpose. These include four
RCTs and 10 observational studies. The most common primary outcome in this subgroup was HCW knowl-
edge or skills improvement. This group of studies utilized pre- and post-tests in cohorts of HCWs to demon-
strate that mHealth interventions are an effective means to improve HCW knowledge and skills in various
emergency capacities such as neonatal resuscitation, point of care ultrasonography (POCUS), and EVD knowl-
edge [46,47,49-56,58,59]. An RCT evaluated the impacts of an educational mHealth app on perinatal survival
in addition to HCW knowledge and skills in 73 health facilities in Ethiopia. The authors found that use of the
application was associated with a nonsignificant lower perinatal mortality of 14 per 1000 births in interven-
tion clusters compared with 23 per 1000 births in control clusters but did find significant improvements in
HCW skills and knowledge [53]. A similar mHealth intervention was applied in a public health context. This
observational study on SMS-based education in lay persons in Iran found that educational messages on acute
coronary syndrome symptoms decreases both the symptom onset to ED arrival and call for help times [54].

Complex humanitarian emergency

Of all 46 included studies, 10 publications evaluated the role of mHealth in CHEs. Half of these were per-
formed during the 2014 Ebola outbreak, two were performed during the 2010 Haitian earthquake, and three
took place in the setting of civil unrest and profound food insecurity. Specific to the 2014 Ebola outbreak, an
observational study demonstrated that an mHealth based educational program was an effective way to improve
health worker knowledge on EVD [56]. Further observational publications demonstrated that SMS messaging
was effective on the individual level for monitoring health care behaviors and symptom development, respec-
tively [19,20,48]. Twwo publications demonstrated the utility of novel patient care devices, piloting the use of a
wearable remote patient vital sign monitor and a point-of-care EVD IgG test respectively [31,43]. Post-Haitian
earthquake, two large observational data sets demonstrated the utility of anonymous cell phone data in both
tracking population movements and predicting regional infectious disease outbreaks based on these movements
[15,16]. To evaluate the impact of mHealth on epidemic surveillance during a CHE, a before-and-after study
demonstrated that mHealth tools result in significantly improved completeness and timeliness as compared
to traditional paper-based methods [18]. A before-and-after study evaluated the impact of an Médecins Sans
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Frontiérs (MSF) telehealth intervention on patient care in a war-torn region of Somalia. Over two years, this
study enrolled nearly 6000 acutely ill children requiring hospital admission and demonstrated that telehealth
support from Kenyan pediatricians significantly decreased the risk of death or loss to follow up [45]. Finally,
the impact of United Nations supported mobile cash transfer program on diet and hunger in drought-affected
communities in Zimbabwe was evaluated prospectively via random household surveys. 90% of the cash trans-
fers were spent on food, which improved dietary diversity, decreased self-reported, and significantly improved
the probability of meeting the minimum acceptable dietary standards [44].

Patient-centered outcomes

Twelve (26%) of the 46 total studies were patient-centered in nature. Six studies reported the impact of mHealth
interventions on mortality. Four observational cohorts found their respective interventions to decrease mortal-
ity rates [36,40,45,50]. Two before-and-after observational trials evaluating regional telecardiology programs in
Brazil found these system wide interventions significantly increased rates of primary reperfusion in STEMI (29.1
vs 53.8%) and ICU admission (32.4 vs 66.1%) while decreasing both thirty-day mortality rates (19.8 seconds,
5.1%) and in-hospital mortality rates (12.3 vs 7.1%) [36,40]. A yearlong ICU-based study evaluated weekly
tele-education conferences focused on ICU structure, processes, and outcomes in Bosnia and Herzegovina.
This before-and-after study enrolled approximately 600 patients yearly over 3 years and demonstrated statisti-
cally significant reductions in ICU mortality (43% vs 27%), in-hospital mortality (51% vs 44%), and length of
stay (8.3 vs 3.6 days), over the study period [50]. The MSF supported before-and-after study described above
demonstrated that telehealth support decreases mortality in pediatric patients requiring hospital admission in
a CHE [45]. Two studies reported non-significant trends towards decreased mortality [39,53]. The lone RCT
with patient centered outcomes evaluated the impacts of an educational application on perinatal mortality and
did not demonstrate a statistically significant mortality benefit. Extrapolating that door-to-balloon (D2B) time
and appropriate pharmacologic management of acute coronary syndrome (ACS) is associated with a reduced
risk of death [60], three additional studies demonstrated favorable patient outcomes by proxy [32,33,57]. A
Thailand based tele-stroke focused study demonstrated increased adherence to guideline-based use of tPA via
a tele-stroke network but found no difference in favorable neurologic outcomes at 3 months [61].

DISCUSSION

The studies included in this review demonstrated a positive impact of mHealth interventions on the quality of
EC in LMICs. The measured outcomes are diverse and largely showed improvement of provider-focused and
patient-centered outcomes regardless of setting or subset of mHealth intervention (data collection, decision sup-
port, direct patient care, or health training). These findings are in line with previous systematic reviews examin-
ing the impacts of mHealth in LMICs in disciplines outside of EC, such as chronic disease management [62-64].

The mHealth studies on data collection included in this systematic review demonstrated improved epidemic
monitoring data quality and timeliness in both routine EC and complex humanitarian emergencies, such as
the 2014-16 EVD outbreak, compared to traditional paper standard. On the individual level, mHealth appli-
cations may effectively monitor both symptomatology and health resource utilization. On the population lev-
el, mHealth interventions may effectively predict population movement and infectious disease outbreak risks,
enabling public health officials to anticipate and intervene in potentially problematic regions.

Decision support studies report satisfactory clinical utility and reliability of a variety of decision support algo-
rithms targeted for HCWs. These studies aimed at improving health care quality by supporting HCWs with
evidence-based medicine algorithms; however, they focused primarily on usability or HCW satisfaction with
their respective mHealth interventions. Two studies did report improved HCW adherence to established in-
ternational treatment guidelines, which may improve clinical care by proxy [27,28].

Direct patient care was the most robust subset of mHealth studies included in this systematic review. Based
on average GRADE scores, this subset has a higher percentage of quality publications. The majority were
telehealth interventions, which demonstrated a high proportion of positive patient-centered outcomes. The
tele-cardiology studies generally demonstrated improved patient outcomes and clinical care consistent with
prior publications from HICs [65]. The lone tele-stroke study improved rates of tPA administration [66]. The
remaining studies in this subset consistently demonstrated the utility of novel technologies in EC in resource
limited settings. From novel patient monitors in EVD units [67] to advanced point-of-care diagnostics [37,38],
these studies showcased mHealth as a means to bring a high-quality and equitable level of care to remote, re-
source-constrained environments.
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Finally, each of the 14 included educational studies conclude that mHealth is an effective means of EC health
training in LMICs. This cohort of studies demonstrated that educational content does not always require tra-
ditional face-to-face teaching to improve provider knowledge and quality of care. In fact, mHealth supple-
mentation may be superior to traditional teaching [47] and improves course completion rates [52]. Further,
it may even improve patient outcomes by helping to ensure the delivery of consistent and high-quality care
while increasing population access to health services [50]. Importantly, the majority of these studies did in-
clude formal curricula. Taken as a whole, these studies suggest that mHealth is an effective means to support
educational needs in resource limited settings.

Notably, patient centered outcomes were generally lacking. Only one quarter of the studies measured pa-
tient-centered outcomes, which highlights the need for an increased focus on the important downstream im-
pacts of mHealth interventions in the future.

PAPERS

Limitations

Publication bias is likely the largest limitation of the literature found in this systematic review. The lack of neg-
ative studies encountered, particularly when evaluating novel technologies in resource-limited settings, may
imply that many negative studies simply are not being published. Additionally, several studies include mHealth
interventions, such as telecardiology, as part of a larger systemic intervention, making it impossible to distin-
guish to isolate effect of the mHealth component on endpoints such as mortality. These studies potentially
introduce unmeasured confounding covariates that may skew the actual relationship between mHealth and
the primary outcomes.

Methodologically, this systematic review was challenging. For example, the concept of social media techni-
cally falls under the umbrella term mHealth; however, it is its own complex social phenomenon, was recently
the subject of an exhaustive review [68], and was therefore considered beyond the scope of this study. Addi-
tionally, given the difficulty of achieving the highest quality research in unstable environments, the choice was
made to include pre/post studies without formal external controls. As such, the conclusions of this systematic
review will need to be validated with future, high quality investigations focusing on evaluation of scaled-up
mHealth interventions and the increased use of randomized-controlled trial methodologies. Another limitation
of this study is the heterogeneity of outcomes, which precluded a formal meta-analysis. One final weakness is
the selection bias introduced by only including publications in English and Spanish.

CONCLUSIONS

This systematic review found that mHealth is effective in improving provider-focused, process-driven, and pa-
tient-centered outcomes in both routine and complex EC settings in LMICs through ensuring the delivery of
consistent and high-quality care while improving access to health services. It is an effective means to improve
data collection, purvey decision support, provide direct patient care, and offer health trainings in EC in LMICs.
Future research with an increased focus on patient-centered outcomes is needed to validate these findings.
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