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Abstract

Background: The rapid growth of mobile technology has given rise to the development of mobile health (mHealth)
applications aimed at treating and preventing a wide range of health conditions. However, evidence on the use

of mHealth in high disease burdened settings such as sub-Sharan Africa is not clear. Given this, we systematically
mapped evidence on mHealth for disease diagnosis and treatment support by health workers in sub-Saharan Africa.

Methods: We conducted a scoping review study guided by the Arksey and O’'Malley’s framework, Levac et al. recom-
mendations, and Joanna Briggs Institute guidelines. We thoroughly searched the following databases: MEDLINE and
CINAHL with full text via EBSCOhost; PubMed; Science Direct and Google Scholar for relevant articles from the incep-
tion of mHealth technology to April 2020. Two reviewers independently screened abstracts and full-text articles using
the eligibility criteria as reference. This study employed the mixed methods appraisal tool version 2018 to assess the
methodological quality of the included studies.

Results: Out of the 798 articles identified, only 12 published articles presented evidence on the availability and

use of mHealth for disease diagnosis and treatment support by health workers in SSA since 2010. Of the 12 studies,
four studies were conducted in Kenya; two in Malawi; two in Nigeria; one in South Africa; one in Zimbabwe; one in
Mozambique, and one in Lesotho. Out of the 12 studies, one reported the use of mHealth for diseases diagnosis; three
reported the use of mHealth to manage HIV; two on the management of HIV/TB; two on the treatment of malaria;
one each on the management of hypertension; cervical cancer; and three were not specific on any disease condition.
All the 12 included studies underwent methodological quality appraisal with a scored between 70 and 100%.

Conclusions: The study shows that there is limited research on the availability and use of mHealth by health workers
for disease diagnosis and treatment support in sub-Saharan Africa. We, therefore, recommend primary studies focus-
ing on the use of mHealth by health workers for disease diagnosis and treatment support in sub-Saharan Africa.

Keywords: mHealth technologies, Mobile health, mHealth applications, mHealth apps, Disease diagnosis, Disease
screening, Diagnostic accuracy, Treatment support, Therapeutic procedures, Health workers, Sub-Saharan Africa
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to help strengthen healthcare systems and deliveries [2—
4]. The Joint United Nations Programme on HIV/AIDS
(UNAIDS) and World Health Organization (WHO) have
jointly included wireless mobile communication as part
of their strategic plans in implementing health policies
and programmes [4, 5]. Globally, smartphone users have
been estimated to be about 60% according to the Global
Speciale for Mobile Association (GSMA) 2018 report,
and this is projected to increase to almost 79% by 2025
[6]. In 2018, the estimated number of smartphone users
in Sub-Saharan Africa (SSA) was nearly 36%, and this is
predicted to rise to about 66% by 2025 [7]. Because of this
high mobile phone penetration rate and its uniqueness,
it has become a compelling tool for promoting health-
care delivery and bridging the gaps in accessing qual-
ity healthcare [8—10]. The mobile phone text-messaging
component is not only used for normal global communi-
cation, but it is also being utilized to support healthcare
delivery and prevent diseases [11].

Mobile health technology can be defined as the use of
mobile devices, their various components as well as other
related technologies in healthcare delivery [12]. Mobile
health is an emerging and promising way to improve dis-
ease prevention, diagnosis, treatment compliance, medi-
cation adherence, and honouring clinic appointments
thereby enhancing health outcomes [13]. Mobile phone
technology allows easy remote communication between
health workers and their patients in hard-to-reach com-
munities with poor access to healthcare due to deplorable
roads or transportation challenges [14—16].

Previous studies have demonstrated that mHealth tech-
nologies can improve healthcare outcomes such as health
workers adhering to case management standards and
guidelines [11, 17-19]. One main application of mHealth
intervention that can improve health workers’ perfor-
mance is to send these health workers short message
prompts, educational materials on new diagnostic and
treatment procedures of cases, clinical guidelines, and
others [11, 17, 20, 21]. In SSA, where healthcare systems
continuously face problems like inadequate infrastruc-
ture, shortage of resources, and an increasing burden of
communicable and non-communicable diseases such as
HIV, tuberculosis, hypertension, diabetes, among oth-
ers [22]. To this end, mobile health technology is useful
to support disease diagnosis and treatment of such dis-
eases in SSA. Mobile health technology also helps health
workers to support their patients and prevent late disease
detection, reduce mortalities, improve poor treatment
outcomes, and many others [23].

In SSA, people in limited-resource settings may have
poor access to quality healthcare due to poor road net-
works, long-distance travel, lack of trained health profes-
sionals, lack of health facilities, among others [16, 23]. In
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the light of these healthcare challenges and the potentials
of mHealth for improving access to healthcare, mHealth
could be adopted by health workers and policymakers to
support the provision of quality healthcare to people liv-
ing in hard-to-reach communities. Despite this, no study
has mapped literature on mHealth for disease diagnosis
and treatment support by health workers in SSA to the
best of our knowledge. Hence, there is an urgent need
to explore the role of mHealth for disease diagnosis and
treatment support by health workers and identify gaps for
future research. The focus of this study is using mHealth
applications for disease diagnosis, screening, testing, and
treatment support by health workers in SSA. Therefore,
this present study mapped evidence on mHealth for dis-
ease diagnosis and treatment support by health workers
in SSA.

Methods

Study design

This study is part of a larger study aimed at examin-
ing the accessibility of mHealth technologies for disease
diagnosis and treatment support by health profession-
als in Ghana. A scoping review methodology was cho-
sen because it is the most appropriate approach used to
synthesize the available body of evidence that has not
been reviewed comprehensively. Scoping reviews help to
understand research fields that are mostly in early stages
since it allows the mapping of key concepts, sources,
and types of available evidence that leads to identify-
ing research gaps within the existing literature [24].
This scoping review was guided by the 2005 Arksey and
O’Malley’s framework [24], Levac et al. 2010 recommen-
dations [25], and the 2015 Joanna Briggs Institute [26]
guidelines. We searched quantitative studies, qualitative
studies, mixed-method studies, randomized controlled
trials, non-randomized controlled trials, and grey litera-
ture that examined the use of mHealth for disease diag-
nosis and treatment support by health workers in SSA.
The results of this review were presented following the
Preferred Reporting Items for Systematic Reviews and
Meta-analysis: Extension for Scoping Review (PRISMA-
ScR) guidelines [27].

Identifying the research question

Research question: What is the evidence on the availabil-
ity and use of mHealth for disease diagnosis and treat-
ment support by health workers in SSA?

The Population, Concept, and Context (PCC) frame-
work developed by Joanna Briggs Institute [26] was used
to determine the eligibility of our primary research ques-
tion as illustrated in Table 1.
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Table 1 PCC framework for defining the eligibility of the studies for the primary research question

Determinants Description

Health workers All categories of trained health professionals such as Nurses, Midwives, Doctors, Physician Assistants/Medical Assistants,

Community health workers, Pharmacists/Pharmacy technicians, Biomedical scientists/Laboratory technicians, Radiologists, and
several other allied professionals working in healthcare facilities located in sub-Saharan Africa

Disease diagnosis Use of mHealth as diagnostic apps to screen or examine patients to identify or detect any form of disease or disorder
Treatment support Use of mHealth to provide treatment and guiding patients to manage their disease conditions without their physi-

Population

Concept Disease diagnosis and treatment support
cal presence at the health facility

Context Availability and use in sub-Saharan Africa

Availability mHealth being accessible, usable, and obtainable upon the demand to perform a required function
Use Process of employing mHealth to accomplish a task such as a diagnosis, treatment, control/prevention, and management of

diseases

Data sources and literature search

A systematic literature search was conducted from MED-
LINE and CINAHL with full text via EBSCOhost; Pub-
Med; Science Direct; and Google Scholar databases. The
database searches were from the inception of mobile
health technology to July 2019 and an updated search
in April 2020 using the following keywords: “mHealth
technologies”, “mobile health”, “mHealth applications’,
“mHealth apps’, “disease diagnosis’, “disease screening’,
“diagnostic accuracy’, “treatment support’, “therapeutic
procedures’, “health workers” and “sub-Saharan Africa”
(Additional file 1). Boolean terms (AND/OR) were used
to separate our keywords.

Medical subject headings (MeSH) were also used in the
electronic database search. Date and language limitations
were removed to widen the scope of the search to help
capture almost all the full range of literature on mHealth
for disease diagnosis and treatment support. The year of
publication was from the time mobile health technology
was introduced to support healthcare delivery to April
2020 to identify the pattern of reports on mHealth for
disease diagnosis and treatment support by health work-
ers in SSA. Reference lists of the included articles were
also searched thoroughly to source for relevant literature.

” o«

Study selection

Our study selection was conducted in three stages. At the
first stage, E.O conducted the electronic database search
and screened titles of articles with guidance from the eli-
gibility criteria. After the title screening, E.O and PN.V
independently screened the abstracts and full articles
in parallel. Discrepancies in the reviewers’ responses at
the abstract stage were resolved via a discussion until an
agreement was reached. A third reviewer, D.K was con-
tacted to resolve the discrepancies between the review-
ers’ responses at the full-text screening stage through a
discussion.

Eligibility criteria
Inclusion criteria
The following were included:

+ Articles that reported evidence of health workers
using mHealth.

« Articles that presented evidence on mHealth (text
message, voice calls, multimedia messaging, mobile
apps, emergency toll-free services, among others).

+ Articles that reported evidence on the availability
of mHealth for disease diagnosis.

« Articles presenting evidence on the availability of
mHealth for treatment support.

+ Articles reporting evidence on the use of mHealth
for disease diagnosis.

o Articles that reported evidence on the use of
mHealth for treatment support.

+ Articles presenting evidence from sub-Saharan
Africa.

Exclusion criteria
We excluded the following:

o Articles that reported evidence of patients using
mHealth.

+ Articles that reported evidence on eHealth.

+ Articles that presented evidence on mHealth for
surveillance.

«+ Articles that presented evidence on mHealth for
health education.

+ Articles that reported evidence on mobile clinics.

+ Articles that reported evidence on mHealth for
communication.

+ Articles that presented evidence on mHealth for
data collection.
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« Articles that presented evidence on evaluation or
assessment of mHealth.
+ Articles that presented outside sub-Saharan Africa.

Data charting

The included selected articles were comprehensively read
for data extraction using a standardized data extraction
tool. We extracted data on the following: author and year
of publication, country of the study, geographical set-
ting (rural/urban/semi-urban), study setting, and study
design. Other information such as target population, type
of mHealth devices, nature of mHealth intervention, the
purpose of mHealth, disease diagnosis, and treatment
support were also extracted as shown in Table 2.

Quality assessment of the included studies

We used the mixed method appraisal tool (MMAT)
version 2018 [28] for methodological appraisal of all
included primary studies. The included primary articles
were appraised using the appropriate study designs as
stipulated by the MMAT. The percentage quality score of
all the included primary articles was then calculated for
each and interpreted as <50%-low quality, 51-75% -aver-
age quality, and 76—-100%-high quality [29].

Collating, summarizing, and reporting

This review study employed a thematic analysis to present
the findings from the existing literature. Our narrative lit-
erature was then structured around the themes derived
from the study results or outcomes. The themes that
emerged from the articles were: availability of mHealth,
use of mHealth in terms of treatment, prevention and
management of HIV, TB, hypertension, cancer, malaria,
pneumonia and diarrhoea conditions, use of mHealth for
disease diagnosis, and acceptability of mHealth.

Screening results

Out of the 293, 775 articles produced by this scoping
review from the database searches, 798 articles met the
eligibility criteria following the title screening. Of these
798 articles, 153 duplicates were removed leaving 645
articles eligible for abstract screening. A total of 536 arti-
cles were excluded following abstracts screening, and
109 were found eligible for full article screening. Sub-
sequently, at the full article screening stage, 97 articles
were excluded as shown in Fig. 1 which demonstrates the
PRISMA-ScR flow chart of literature search and selec-
tion of studies. In all, a total of 12 articles met our eli-
gibility criteria for the extraction of data from the initial
and updated searches. Following full article screening,
there was a 91.74% agreement versus 74.27% expected
by chance which constitutes a high degree of agreement
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(Kappa statistics=0.68, p value<0.05). In addition,
McNemar’s chi-square statistic suggests that there is not
a statistically significant difference in the proportions of
yes/no answers by the reviewers, with a p value>0.05
(Additional file 2).

Characteristics of included articles

Out of the 12 included studies, only one study reported
on the availability and use of mHealth for disease diag-
nosis (132); three studies reported on the availability and
use of mHealth for treatment support on HIV/AIDS [4,
30, 31]; two on HIV and TB [1, 14]; two on malaria, pneu-
monia and diarrhoea support [11, 17]; one on hyperten-
sion [32]; one on cervical cancer support [33] and three
studies did not specify any disease [34-36]. Figure 2
shows the distribution of included studies by diseases.
The characteristics of the included articles are summa-
rised in Table 2. The 12 included articles comprised three
qualitative studies [1, 30, 31], five cluster randomized
controlled trials [4, 11, 14, 17, 36], two quantitative stud-
ies [34, 35], and two mixed-method studies [32, 33]. All
the included articles were published in the English lan-
guage from 2010 to 2019.

All the included studies presented evidence on
mHealth for treatment support by health workers in SSA.
Out of the 12 included primary studies, only one study
reported evidence on mHealth for disease diagnosis
by health workers in SSA. In terms of geographical set-
tings, six of the 12 includes studies were conducted in
urban settings [17, 31-35]; three studies were conducted
in semi-urban settings [1, 14, 30]; two studies were con-
ducted in rural settings [11, 36], and only one study was
conducted in rural, semi-urban and urban settings [4].
Figure 3 shows the distribution of included studies by
geographical settings. Of the 12 included studies, four
studies were conducted in Kenya [4, 11, 30, 31]; two in
Malawi [17, 36]; two in Nigeria [32, 35]; one in Zimba-
bwe [34]; one in South Africa [33]; one in Mozambique
[1] and one in Lesotho [14].

Quality of the evidence

All the 12 included primary studies underwent meth-
odological quality assessment using the 2018 version of
MMAT [28]. The 12 included primary studies that under-
went the methodological quality appraisal scored within
the range of 70 and 100%. Out of the 12 included primary
studies, eight studies scored 100% which is the highest
quality score [1, 17, 30—35]; two studies had an average of
85.7% quality score [4, 36]; and the two remaining studies
also had the lowest quality score of 71.4% [11, 14] (Addi-
tional file 3).



Page 5 of 18

(2021) 21:11

Osei et al. BMC Med Inform Decis Mak

AJ|1oey 218D
yijeay dyiads
e 1e Y}[eaHw
puisn uj sioy
-J0p [eJIpaW
AQ padey
ydJeasal sabus|ieyd ayd
[eD1UID/[eD pue saiun}
-|paW oy -loddo ayy bul
21SgeM 3|IGON -qLI2sap pue
SIapulwal uon Bulfynuspl
-ed|paw pue pue y1jesHw
syuswiujodde ENHeEN) Jo asn ayy
10} pasn a4am 3|lqow pue SUIWIS1SP 01 Apnis [pel
SIETSV[VIEN HIESERN HIE=ERN sauoyd ||9D pawlle ApnISayl  SISIOM UijeaH aAleIIUEND  [eudsoy 101sIg ueqgin aMgequilz ‘|B 39 NynIey
(1D1INd) uois
-sjusuel pjiyo
-01-Jaylow
4o uonuanaid
ay1 Woddns 01
1DLNd 9|qeidanoe ale
anoidw 0} uopeduNwW
ainpaxo.d -Wwod 3jIgow
uolnedIpawl JO swoy
14V 013iaype pue JU3U0D sjeyd
01 s19youl oyInads 1eym JE] Apnis -soy s1UIsIp
1ueubaid AlH N[:s) SUIWEX3 0} SIOM Yijeay dAle)enb oAuonydey
SIopuiWRyY  pa1djurdPy o] ADI0APUBSNG  sauoyd aIqoly  pawile Apnis ay | AjJunwiuwiod aAnduosag  pue Aeg npusy ueqin eAusy [1€] ‘|e1d essue
S35B3SIP JaY10
pue eliejew
10 sauljapInb
1uswabeuew
juswiiean 958D 0} DU
e30YIIBIP pUB -1aype sia
‘ejuownaud SIOM Yijeay sjeyudsoy
‘eliejew U uo sispuiual IMB[BI JO
Juswabeuew abessaw 1xa1 UoI1eIDOSSY
ased sualjed suoyd ajiqow YijeaH
01 9laype (SWS) 401592 94l Apnis uensuyo pue [Z1]7e3e
0} sIayiom 9DIAIDS Bul $S9558 O} |eL} paziwo sjeydsoy emwebueyy
SI9pUIWRY  Yeayisisse o] -bBessaw 1oy sauoyd 3Iqoly  pawiie Apnis Ayl SIXIoMm YieaH -puesIIsND JUBWIUIDAOD) uegin IMB[BIN -epuney|
(ueqin
uonuUIAIUI uonUAAIUL SDIABP -lwas/uequn
1oddns yijesqw jo yjjesHw jo yijesHw jo Apms ayy jo uonejndod /leana) bunes 91ep pue
jJuswieals] asoding ainjeN adA| wiy 196ie]  ubisap Apnis  Bumas Apnis  |ediydesboan A1uno> loyny

sa[p13Je papnppul 3y} jo sdnisiddeIRY) T d|qeL



Page 6 of 18

(2021) 21:11

Osei et al. BMC Med Inform Decis Mak

uswieall (gl1)
sisond1agny
pue (14v)
Adeiaya [euin
-0J1211ue Ul

9dUalaype uonua1al 1od
uonedIpaw -dns 01 bujwie
pue ‘sbnip UoRUSAISIUI 211UaD Y1[eaH
sisojnaJagny Yi[eaHwW ue e[oARIPN pUB
pue (14v) Uo SM3IA ‘a11uLd Yijeay
Adeiayy i SIDIOM eyoeeuleN
-ln0BInue aiedyijeay 'S211USD Y1[eay
JO uoND3||0d pue siusiied 119 | eJ|lo1eIN
sdn-moj|o} ESIEIY] SUIWEeX3 0} Apnis ‘a11uLd Yijeay (1]
pUE sIapulwiay -Julodde Jo4 SINS  sauoyd S|Iqoyy  pawdie Apnis oyl SISMIOM Yl|esH aA1e[_ND || BABYDBIN UBQUN-IWSS  anbigquiezopy ‘[P 12 0J0ARYN
yiesHw buisn
uolsuaLadAy |9powl 24ed
Jo sainpasoud uolsuandAy |apow
uoledIPaU paseqg-Aew 24ed paseq
01 219ype -leyd e jo -Aoewieyd
siuaied jeyy s||e> Aujigisesy ayy pue |eldsoy
sdn-moj|04 Bunnsua pue auoyd pue souoyd  a1ebnsaAul 0} Apnis Buiyoeay [cel
pue sJspulway  Bulouuow Jo4 sdde ajigopy SIIGOWN  PawWIe ApNIS ay]  SI9YIOM UleaH  poylaul PaxIp AusIaniun ueqin eLRbIN ‘[B 19 USSSIION
SUOIS3)
Josindaid Jad
-Ued |eDIAIDD
UM SIU1|D JO
dn-moj|o} pue
Juswabeuew
anoidwil 01
SETNVEY] Abojouydsy
1uawulodde yijeay ajigow
pue Jadued Jo Ajigisesy
[BOIAJRD Ul EMENTIEIE)
sdn-moj|o4 S}NS24 1531 01 pawlie SIDNIOM Apnis |endsoy Aien [e€]
pue sIapulwiay BulanIep 104 SIS sauoyd 3jigop Apnisayl  yieay Alewlld  POYISW Paxiy  -I91 Umoj aded UBGIN  BDLJY YINOS ‘e 12 A3|poo
(uequn
uonuUIAISIUI uonuUIAIUI SDIAIP -lwds/uequn
1ioddns yijesHw jo yljesHw jo yijeaHw jo Apnis ays jo uonejndod /leany) bunyas ?jep pue
jJuswilealr] asoding 2injeN adA) wiy 1961e]  ubisep Apnls  Bumas Apnis  |ediydesboan Anuno) loyiny

(panunuod) zs|qey



Page 7 of 18

(2021) 21:11

Osei et al. BMC Med Inform Decis Mak

siapiroid
aied yyeay
Sdualsype pue g /AlH
uolpedIpaw Yum syualed
gL pue AlH Aqg yyesHw jo
uo syuaned Ayjigeidande Apnis
poddns pue pue asn 8y} [BLI] P3||0AUOD
sdn-mojjo)  suswulodde 3q1dsap 0} paziwopuel  SaNI|IDe) Yljeay [i71] ‘e 12 uew
puUe SISpUILLIDY IUl J04 SIS Sssuoyd 9|IqON paudie ApniS oy SISYIOM Ul|esH 115N 1DLISIp ea19g ueqin-1was OYl0Sa]  -ISAOWN-YISIIH
LAIH ewseld
40 uolssaiddns
pue 25ud
-laype bnup
panoidu
2dUd 14V buieys
-laype uon syuaied pue J1UIP opelfey)
-ed|paul pue SIDNIOM Yi[eay pue saseasiq
9oue||dwod usamiaq uon SNoNo3yu| 1oy
juswiieal} -eDJUNWWOoD a1ua) adoy
01 3alaype auoyd ajigow ondod diulp
01 syuaped By1aym Apnis juemuing |eanu
sdn-moj|o} pasoubelp $5955€ 0} |BLI1 P3]|0AUOD IgoJIeN JO pue uequn
pue SIapulLIDY AIH 1sisse o] SIS  souoyd 9|Iqoyy  pawlie Apnisay|  SISYIOM U3edH paziwopuey ANSIaAIUN -1WSs ‘ueqin eAUSy  [f] P19 19159
siapiroid
aIedyyeay
Yum abessaw
1X31 eIA DUl
-1e2]UNWWOD
Jo suondadiad
saulapInb JIsy3 pue AlH U1 (439INV)
uolnedIpawl YHm BUIAl| uolepuno4
apinold pue 9|doad jo yoJleasay pue
SUONIPUOD sadusadxe HE] (OHDY) 213uad
sdn-moj|0} Swuaned Al S||ed 910A pue ay1 alojdxa 0} Splom yieay Apnis yyeay Ajunw
pue SIapuIULDY J1o31uow o] (I9LI9M) SIS sauoyd ajiqoy  pauie Apnis ay | Aunuwuiod SAIRY[END -woD) elaqy ueqin-|wag eAuay  [0€] ‘[e 12 al|iws
(ueqin
uoNuUIAIRIUI uoUIAIRUI SDIAIP -lwds/uequn
1oddns yjjeaqw jo yjjesqw jo yjjesHw jo Apms ays jo uonejndod /leana) bumes 9)ep pue
jJuswilealr] asoding 2injeN adA) wiy 1961e]  ubisap Apn1s  Bumas Apnis  |ediydesboan Anuno) loyiny

(panunuod) zs|qey



Page 8 of 18

(2021) 21:11

Osei et al. BMC Med Inform Decis Mak

IMee
UJaYHIoN Ul
SLISIP OMY
Ul ‘salel uon
-ez|jeudsoy

pue ‘uoney
-|Nsuo>-a1
‘|e11ay1 3u2bIN
uo JuaW
-obeuey ased)
Aunwwod
paseq-Jaded
01 paJjedwod

SIeIA-G (ddy WD
1apun uaipjiyd 75) uoned
3215 Bupeasn ul -ljddy Juswi
saul|apInb 1o -obeue|y 9seD)
suolepuaul Aunwiuiod
-Ul0D31 [e1Idal 2IU0ID3D SILISIP
01 a19ype 347 buplod Apnis lydwny g
0} sIayiom -dns sy jo SI9  [el} PaJj0IUOD equIIZIN
sdn-mojjo}  yieay Ayunw an|[eA pappe -jiom yyjesy paziwopuel UIYIM SDI
pue SIapulLIDY -wod djpy of sdde ajiqoyy  ssuoyd 9Iqoly  3Y3 31eN[eAS O] Alunwuwo) IE T -ulp abeyIn |einy meely  [o€] ‘je 12 ApieH
eliejew
duieipaed
1usnedino
1o} sauldpInb
1UsWieal} 01
ERIEIETN o]
11943 ulelulew
pue aroidwil
p|no> sauoyd
dllgow
SIIoMm
yijeay 01 1Uas
sau||apIinb SETVVEY]
1uswiea obessaW-1xa1
eliejew 0} JByRym Apnis
2I9ype 01 $S955P 01 |BLI} P3]|0AUOD S2U1UD
SENIIY pawie paziwopuel Yiesy 1uawl (L1l
SISPUIWDY  Y3eay 1SISse O] SIS sauoyd 3jIqoN APNISSIy]  SIoyIom YieaH 115N -u1an0b einy |einy eAuDy| ‘|e 39 DBAOINZ
(ueqin
UOIUBAIDIUI UonUAAIRUI SDINP -lwds/ueqin
yoddns yjjesHw jo yjjesHw jo yjjesaqw jo Apnis ayy jo uone|ndod /leany) bumas ?)ep pue
jJuswilealr] asoding 2injeN adA) wiy 1961e]  ubisap Apn1s  Bumas Apnis  |ediydesboan Anuno) loyiny

(panunuod) zs|qey



Page 9 of 18

(2021) 21:11

Osei et al. BMC Med Inform Decis Mak

sbnip

12410 Yum
SUOIDRIAUI
119y1 Buissasse
pue ‘UoIIPUOD
JejndnJed e
10} |nyasn g
bW ey
sbnip bul
SVTIEIET)
'S95e3sIP JO
sasoubelp
[enualayip bul
{ew ‘s95easIp

elRbIN
‘eunpey Ul sjel
-idsoy ul s10}
-d0p [edIpaW
Jo KlobHared
||e buowe
sauoydyews
joasnayul
paJ21UNOdU3
swe|goid pue

JO s|IeIOpP asn jo usaned sjeydsoy
BuryPayd ul pue Aduanbaiy paseq-yiey
$10120p [BD ‘diysiaumo Apnis pue a1eAud
SISPUIWDY  -IPAW 1SISSe O] sdde aiqoy  sauoyd-1ews dulWeXa 0] SIayiom yiesH dAIIRIIUBND l|and ueqin eUSBIN  (/€) 6107 “eAyeA
(ueqin
UOIUBAIDIUI UoUdAIRUI SDINP -lwds/ueqin
yoddns yjjesHw jo yjjesHw jo yjjesaqw jo Apnis ayy jo uone|ndod /leany) bumas ?)ep pue
jJuswiealr] asoding 2injeN adA) wiy 196ie]  ubisap Apn1s  Bumas Apnis  |ediydesboan AnunoH loyiny

(panunuod) zs|qey



Osei et al. BMC Med Inform Decis Mak (2021) 21:11

Page 10 of 18

|

Identification

Records identified through
database searching
(n= 293, 775)

|

Screening

Eligibility

Included

~—

|

Additional records identified
through other sources

(n=0)

(n=798)

Titles identified to be eligible

|

Records of duplicates removed
(n=153)

l

Records screened for abstract
(n =645)

Records excluded
(n=536)

A 4

Full-text articles
assessed for eligibility | ————)
(n=109)

A 4

Studies included in
qualitative synthesis
(n=12)

97 Full-text articles excluded, with reasons

e Articles outside SSA = (24)

e Articles on patients using mHealth = (18)

e Articles on mobile clinics = (10)

e Articles on mHealth for data collection =
(9)

e Articles on mHealth for disease
surveillance = (4)

e Articles on perceptions and adoption of
mHealth = (9)

e Articles on mHealth for communication
=(3)

e Articles on mHealth for health education
=(6)

e Articles on mHealth development and
framework = (5)

e Articles on mHealth for evaluation and
assessment = (7)

e Articles on mobile phone ownership =

(2)

Fig. 1 PRISMA-ScR flow chart showing literature search and selection of studies
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Fig. 2 Distribution of included studies by diseases
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Summary of study findings

All the included primary studies presented evidence on
the availability and use of mHealth for treatment sup-
port by health workers in SSA. However, only one study
reported evidence on the availability and use of mHealth
for disease diagnosis by health workers in SSA. Figure 4
demonstrates the time mHealth for treatment sup-
port was first published, countries with mHealth, type
of mHealth interventions used, and the purpose of the
mHealth interventions. The following are the themes
that emerged from the included studies: availability of
mHealth, use of mHealth in terms of treatment, preven-
tion and management of HIV, TB, hypertension, can-
cer, malaria, pneumonia and diarrhoea conditions, use
of mHealth for disease diagnosis, and acceptability of
mHealth.

Availability of mHealth

All the included studies reported on the availability of
mHealth [1, 4, 11, 14, 17, 30-36]. Studies conducted in
Kenya reported on the availability of mHealth to support
pregnant women living with HIV to comply with antiret-
roviral drugs medication and improve the prevention

of mother-to-child-transmission [31]; help HIV/AIDS
patients adhere to medication procedures [4, 30]; and
encourage health professionals to adhere to standard
guidelines when treating malaria conditions [11]. A study
in Mozambique indicated the availability of mHealth for
supporting HIV and TB patients to honour their clinical
appointments and collect their drugs on time [1].

The availability of mHealth was also reported in Leso-
tho where mHealth was used to help patients reduced the
number of missed clinical appointments and collected
their drugs on time [14]. Kaunda-Khangamwa et al. [17]
demonstrated the availability of mHealth to encourage
health workers to strictly adhere to standard guidelines
in the treatment of malaria, pneumonia, and diarrhoea
cases. Nelissen et al. [32] conducted a mixed-method
study that reported on the availability of mHealth to help
hypertension patients adhere to or comply with treat-
ment procedures. Moodley et al. [33] reported evidence
on the availability of mHealth for supporting patients to
manage their cancer conditions.

Marufu et al. [34] conducted a quantitative study that
revealed the availability of mHealth to set-up clinical
appointments, remote consultation, and adherence to
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Fig. 3 Distribution of included studies by geographical settings
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Fig. 4 Distribution of studies with countries of publication and the type of mHealth intervention
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medication procedures. Yahya presented evidence on
the availability of mHealth for checking guidelines about
a disease condition, determining when a drug might be
useful for a particular disease condition, and assessing
their interactions with other drugs to support the treat-
ment of patients [35]. A study conducted in Malawi
found the availability of mHealth for supporting com-
munity health workers to adhere to referral recommen-
dations in the treatment procedures of patients [36]. We
found that mHealth for treatment support is available in
only seven SSA countries with few diseases which dem-
onstrates a major gap in literature.

Use of mHealth for treatment support

All the included studies reported on the use of mHealth
technology for treatment support [1, 4, 11, 14, 17, 30-36].
Nelissen et al. [32] showed that both healthcare provid-
ers and patients perceived the mHealth app as support-
ive and attractive in managing patients’ illnesses. Zurovac
et al. [11] suggested that the text messages helped health
workers to improve their quality of disease manage-
ment skills. Their study results further suggested that the
proper management of artemether-lumefantrine medica-
tions improved the treatment and cure of children suffer-
ing from malaria [11].

A similar study conducted in Malawi revealed that the
SMS intervention assisted health workers to comply with
standards and guidelines in treating malaria cases, and
improved their case management skills [17]. The results
of this study further showed that some clinicians used the
message received as reference materials to support the
treatment and cure of such diseases [17]. Another study
conducted in Malawi showed that mobile app helped
community health workers to strictly comply with refer-
ral guidelines in treating severely sick children under
5 years [36].

Other studies conducted in Kenya also reported that
mHealth interventions provided by health workers
assisted HIV patients to comply with treatment proce-
dures and stick to medication adherence [4, 30, 31]. Also,
studies conducted in Mozambique and Lesotho showed
that the SMS intervention provided by health work-
ers helped HIV/TB patients to stay in treatment and
increased treatment compliance [1, 14]. The findings pre-
sented evidence on the use of mHealth for only malaria,
pneumonia, and diarrhoea conditions demonstrating a
gap as mHealth could be used to support the treatment
of several other diseases in SSA.

Use of mHealth for prevention of mother-to-child
transmission of HIV

Only one study reported on the use of mHealth interven-
tion to prevent the transmission of diseases [31]. Larissa
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et al. [31] conducted a study aimed at examining what
specific content and forms of mobile communication are
acceptable to support the prevention of mother-to-child
transmission. The results revealed that SMS reminders
sent by health workers assisted HIV-infected pregnant
women to stick to the prescribed antiretroviral medica-
tion procedures to prevent their unborn babies from
contracting the virus [31]. The results also indicated that
HIV-infected pregnant women had remote access to
their healthcare providers and could easily request more
antiretroviral drugs via mHealth without travelling to the
health facility [31]. The findings presented evidence on
the use of mHealth to prevent the transmission of only
HIV condition but no evidence on the use of this inter-
vention to prevent the transmission of other infectious
and non-infectious diseases in SSA.

Use of mHealth for management of diseases

Six studies reported on the use of mHealth for the man-
agement of disease conditions like hypertension, cancer,
HIV, and tuberculosis (TB) [1, 4, 14, 30, 32, 33]. Nhavoto
et al. [1] suggested that mHealth reminders provided by
health workers assisted HIV and TB patients to comply
with treatment procedures, collection of drugs on time,
and adhering to clinical appointments. A randomized
controlled trial study carried out by Lester et al. [4] dem-
onstrated that patients who received the SMS interven-
tion adhered to ART medication procedures. The results
also showed that the SMS intervention helped to reduce
viral replication via ART, hence decreasing the transmis-
sion of HIV1 to new partners [4].

Hirsch-Moverman et al. [14] also conducted a simi-
lar study which suggested that patients perceived their
adherence to clinic appointments and medication proce-
dures were due to the SMS received from health work-
ers. Their study results further revealed that mHealth can
support patients to have remote access to their healthcare
providers to report a side effect, seek advice, or inform
them about potential delays in-clinic appointments [14].
Moodley et al. [33] illustrated that SMS sent to patients
by health workers improved the management of cervical
cancer conditions and encouraged patients’ adherence to
clinical colposcopy appointments.

Nelissen et al. [32] revealed that patients’ medication
adherence and treatment compliance improved signifi-
cantly due to regular monitoring by health professionals
using the mobile app intervention. Smillie et. al showed
that the SMS and voice call reminders helped HIV
patients to adhere to the antiretroviral treatment process,
medication procedures as well as honouring their clini-
cal appointments [30]. The results of their study further
indicated that this intervention helped health workers to
better manage HIV cases [30]. We found that mHealth
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was used to manage only a few communicable diseases
(HIV, TB) and non-communicable diseases ( hyperten-
sion, cancer), however, a gap was revealed as mHealth
could be used to manage many other communicable and
non-communicable diseases.

Use of mHealth for disease diagnosis

Only one study reported evidence on the use of mHealth
for disease diagnosis by health workers in SSA [35].
Yahya Husain conducted a quantitative study aimed at
examining ownership, frequency, and pattern of use and
problems encountered in the use of smartphones among
all categories of medical doctors in hospitals in Kaduna,
Nigeria [35]. The results indicated that medical doctors
used the mobile health app to support disease diagnosis
to enhance the quality of healthcare delivery [35]. The
results further revealed that these medical doctors also
used the mobile app to make differential diagnoses of dis-
eases to make correct decisions of cases to help improve
the provision of healthcare services [35]. The findings
revealed that only one country reported evidence on the
use of mHealth for disease diagnosis which demonstrates
a major gap in the literature as mHealth could be used for
disease diagnosis in several sub-Saharan Africa countries.

Acceptability of mHealth

All the twelve included primary studies reported on the
acceptability of mHealth by health workers to support
quality healthcare delivery [1, 4, 14, 17, 30-36]. Four
studies reported that health workers accepted mHealth
intervention as a supportive tool to help them improve
their clinical management skills in treating disease con-
ditions [11, 17, 35, 36]. The results of these studies also
demonstrated that clinicians were appreciative of SMS
reminders as reference materials to support the treatment
of patients suffering from malaria and other diseases [11,
17]. Three studies also reported that health professionals
expressed interest in using mHealth for clinic appoint-
ments; remote consultation; medication reminders and
delivery of patients’ test results [31, 33, 34]. Their results
again found that medical doctors accepted mHealth as a
medium to help them improve service delivery [31, 33,
34].

Five studies reported that health workers were excited
to use text messages to help patients to reduce the num-
ber of missed appointments; improve the collection of
drugs on time and comply with dosage instructions [1, 4,
14, 30, 32]. One study reported that clinicians accepted
mHealth applications for diagnosing diseases and even
making a differential diagnosis to guide them to make
correct decisions in administering healthcare to their
patients [35]. Although health workers generally accepted
mHealth applications in healthcare delivery, other studies
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also reported that some sections of health workers raised
issues of confidentiality and privacy breaches which
should be of public concern [1, 30, 33]. The findings illus-
trated that there is limited evidence on the acceptability
of mHealth for disease diagnosis and treatment support
of some disease conditions in SSA.

Discussion

This scoping review mapped existing literature on the
availability and use of mHealth for disease diagnosis and
treatment support by health workers in SSA. The findings
illustrated that there is limited published research on the
availability and use of mHealth for disease diagnosis and
treatment support by health workers SSA. This is of great
concern and requires immediate action from all relevant
stakeholders as SSA seeks to reduce the high disease
burdens and improves poor access to healthcare. The
results further demonstrated limited research on the use
of mHealth interventions to manage some chronic dis-
ease conditions such as HIV, TB, cancer, and hyperten-
sion in SSA. Nonetheless, the results demonstrated that
these interventions enhanced adherence to treatment
and medication procedures, promoted clinical appoint-
ment compliance, and improved the collection of drugs
on time.

The results also revealed that Kenya had the highest
evidence on the use of mHealth to support the manage-
ment of HIV compared to other sub-Saharan African
countries. This potentially could help Kenya to improve
healthcare access to the majority of her population under
the universal health coverage policy [38]. The review
findings also indicated that only one study presented
evidence on the use of mHealth for disease diagnosis by
health workers in SSA. In spite of this, the results showed
that mHealth interventions assisted health workers in
making differential diagnoses of diseases to ensure those
correct decisions are made on patients’ conditions.

Our review study is partly consistent with other studies
carried out in some high-income countries (HICs) [39-
42] which found the use of mHealth to manage chronic
disease conditions like HIV, TB, hypertension, and can-
cer. Similar studies conducted in low-and middle-income
countries (LMICs) also agree with the findings of this
review study which found the use of mHealth improved
medication adherence and treatment compliance [43,
44]. Other studies conducted in HICs demonstrated a
relatively higher level of research on the use of mHealth
to support the treatment procedures of many communi-
cable and non-communicable diseases [40, 44—47] which
are at variance with this study.

Roesler et al. and Ochalek et al. conducted stud-
ies in Brazil and the US which showed a lim-
ited level of research on the use of mHealth to
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prevent transmission of diseases from one individ-
ual to another [48, 49] which are similar to our find-
ings. Also, some studies conducted in HICs and other
LMICs indicated a limited level of research on the use
of mHealth interventions for diagnostic purposes [50,
51] which are consistent with our study findings. Fur-
thermore, there is a higher level of research from some
studies conducted in HICs and other LMICs which
showed that health workers used tablets, smartphones,
personal digital assistants, handheld devices, and
mobile phones to support disease diagnosis and treat-
ment procedures [39-42, 44, 45, 47, 49-51] which are
not consistent with this study findings.

The findings demonstrated that only one study
reported evidence on the use of mHealth interventions
by health workers for disease diagnosis. This finding is
worrying and requires redress considering that WHO
is advocating for improving access to healthcare, par-
ticularly in resource-limited settings [38]. Rural com-
munities in SSA most often have poor roads, lack of
transportation, inadequate health infrastructure, poor
access to healthcare, among others. Therefore, we rec-
ommend more mHealth interventions could be imple-
mented to support disease diagnosis, screening, and
testing, particularly in rural communities. This will
facilitate early detection and treatment of most dis-
eases and improve health outcomes among the general
population in SSA.

The limited level of published research on the use
of mHealth by health workers to manage communi-
cable diseases like HIV, TB, and malaria conditions
demonstrates that much effort is still required by SSA
towards the achievement of the Sustainable Develop-
ment Goal (SDG) 3.3 [52] target which advocates that
by 2030 the epidemics of HIV, TB, malaria, and other
communicable diseases will be ended. This is not good
and requires urgent attention from all the appropri-
ate stakeholders to initiate new mHealth interventions
and/or scale-up existing ones to manage several other
communicable diseases in SSA.

Again, the findings showed limited research on the
use of mHealth by health workers to manage non-com-
municable diseases (NCDs) in SSA. This demonstrates
that SSA has to do more to achieve the SDG 3.4 [52]
target which stipulates that by 2030 pre-mature deaths
from NCDs will be reduced by one-third via treatment
and prevention. This is worrying and needs an urgent
redress if SSA wants to achieve this SDG target. To
this end, we propose that more mHealth interventions
could be rolled out to support the management of
many communicable and non-communicable diseases
in SSA to enhance the quality of health outcomes.
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Implications for practice

Majority of the studies were conducted in urban set-
tings where access to quality healthcare is mostly avail-
able with modern health facilities and highly skilled
health workers. Only a few were conducted in semi-
urban and rural settings where access to healthcare or
health infrastructure is poorly developed with either no
or insufficiently trained health workers. This demon-
strates that people in hard-to-reach communities may
have to travel long distances with transportation chal-
lenges to access healthcare services. This may prevent
such people from accessing healthcare which could
lead to late disease detection, late detection of drug
resistance, poor treatment outcomes, and an increase
in health-related mortalities. The study findings also
revealed that in SSA, health workers used only mobile
phones with text message reminders to support treat-
ment procedures. This may affect many patients in
resource-limited settings who cannot read and write
and may not benefit fully from this intervention,
hence more phone/voice calls intervention should be
encouraged.

Strengths and limitations

Our review included studies conducted in different set-
tings (urban, semi-urban, and rural) which provides an
overview of mHealth for disease diagnosis and treatment
support by health workers in SSA. This scoping review
study to the best of our knowledge is the first compre-
hensive study to explore the available evidence in litera-
ture on the availability and use of mHealth for disease
diagnosis and treatment support by health workers in
SSA. This study illustrated a substantial gap in literature
on the availability and use of mHealth for disease diag-
nosis by health workers to guide future research in SSA.
The methodology of our review study also allowed us to
include different study designs; identifying all relevant
articles systematically; data charting and analyzing the
various study outcomes [24, 53] which may not be per-
formed in review articles.

One important strength of our review study was the
removal of limitations of date and language. A compre-
hensive search for available literature used in this review
study is another important strength of the study. Despite
all these, it is highly possible that research on mHealth
for disease diagnosis and treatment support by health
workers in SSA probably existed under different termi-
nologies that were not captured in our study. Nonethe-
less, we included the Medical Subject Heading terms to
capture all relevant available literature. This review study
was also limited to studies conducted within sub-Saharan
Africa and may not be generalized.
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Recommendations for future research

The review study found that there is limited published
research on the availability and use of mHealth inter-
ventions by health workers for disease diagnosis in SSA.
We recommend future research aimed at exploring the
availability and use of mHealth by health workers for dis-
ease diagnosis in SSA. The findings further illustrate that
mHealth intervention for diagnostic purposes is available
in only one country in SSA. To this end, we recommend
the implementation of mHealth interventions in many
countries in this sub-region to support diagnostic proce-
dures of all kinds of diseases.

Our reviewed study findings also demonstrate that
there is limited published research on the availability and
use of mHealth for treatment support by health workers
in SSA. We, therefore, recommend that more primary
studies should be conducted in this setting to examine
the availability and use of mHealth to support treatment
procedures. The findings also show that mHealth for
treatment support is available in only a few SSA coun-
tries. We, therefore, recommend the implementation of
mHealth interventions in many countries within SSA to
support treatment procedures of diseases.

The findings further found that mHealth interven-
tions are mostly found in urban settings in SSA. Hence,
we recommend that more primary research should be
conducted at primary healthcare clinics to assess the
availability and use of mHealth for disease diagnosis and
treatment support by health workers. The results also
indicate that mobile phone text message reminders as
the most commonly used mHealth technology by health
workers in SSA. We also recommend that more other
forms of mHealth devices like personal digital assistants,
tablets, smartphones, and other wearables with more
phone/voice calls, multimedia messaging services, and
other interventions should be encouraged. Randomized
controlled trial studies on mHealth for disease diagnosis
and treatment support are also recommended because
they are the most appropriate study design for assessing
the impact and cost-effectiveness of an intervention.

Conclusion

The study shows that there is limited research on the
availability and use of mHealth by health workers for
disease diagnosis and treatment support in SSA. The
study demonstrates that mHealth interventions could
be used to treat and manage both communicable and
non-communicable diseases effectively in SSA. This
study, in addition, reveals the overall acceptance of the
use of mHealth by health workers to support diagnos-
tic and treatment procedures in SSA. Therefore, we
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recommend that more primary studies should be con-
ducted in this sub-region on the use of mHealth by
health workers for disease diagnosis and treatment sup-
port to enhance quality healthcare delivery.
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