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ABSTRACT

Introduction The WHO has proposed the concept of
mobile health (mHealth) to support healthcare systems
delivery worldwide. mHealth basically involves the

use of Information and Communication Technology for
healthcare provision or delivery services. Africa has seen
a remarkable increase in mobile phone availability and
usage in the last decade. The incidence and prevalence
of diabetes mellitus (DM) in Africa have also been on

the increase in the last decade, in sharp contrast to an
ailing healthcare system. We aim to review the extent of
implementation of mHealth in the management of DM in
Africa, and estimate its impact in helping patients achieve
desired glycaemic target, sustain control and prevent
complications in the past decade.

Methods and analysis Studies assessing the utilisation
of mhealth in the management of patients with DM in
Africa will be considered based on the PICO method:
Population, Intervention, Comparator, and Outcomes.
Medline, PubMed, SCOPUS and the Pan African Clinical
Trials Registry, among others will be searched. Two
authors independent of each other shall screen titles and
abstracts retrieved using the search strategy, retrieve the
full text articles and assess them for eligibility and extract
data. A third reviewing author will be brought in to resolve
any disagreement between the two authors by discussion.
The ‘Cochrane Collaboration Risk of Bias Tool’ will be
used to assess the quality of included studies. A narrative
synthesis of extracted data and, where the characteristics
of the eligible studies permit, a meta-analysis (which will
be reported according to the Preferred Reporting ltems for
Systematic Reviews and Meta-Analyses guidelines) will
be done.

Ethics and dissemination No ethical approval will

be required since only published data will be used.
Dissemination of results will be through peer reviewed
publication and conference presentation.

PROSPERO registration number CRD42021218674.

INTRODUCTION

In 2009, the Global Observatory for eHealth
(GOe) a subsidiary of the WHO devoted an
entire section of its global survey to mobile
health (mHealth).! The survey sought
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» We intend to detect as many eligible studies as pos-
sible using our proposed search strategy to search
through the largest online databases and libraries.

» We anticipate a lot of heterogeneity during data ex-
traction and analysis due to the large number of mo-
bile health categories available for implementation.

» Reviewers will not be blinded during the data ex-
traction and quality assessment stages.

to determine the extent of adoption of
mHealth interventions/initiatives, the types
of initiatives, the status of evaluation and
the barriers to implementation across 112
member states.! mHealth was defined by
GOe as medical and public health practice
supported by mobile devices such as mobile
phones, patient monitoring devices, personal
digital assistants and other wireless devices.'
mHealth basically involves the use of Infor-
mation and Communication Technology
for healthcare provision or delivery services.
This concept mainly involves the employ-
ment of the basic functionality of mobile
phones in the delivery of healthcare services
and these functions include voice calls and
short messaging services also known as Short
Messaging Services (SMS), as well as more
complex functionalities and applications such
as Global Positioning System (GPS), General
Packet Radio Service (GPRS) and also third
and fourth generation telecommunications
3G, 4G and Bluetooth technology either as
part of the mobile phones or as independent
wireless devices.'

This survey was a follow-up to an earlier
survey in 2005. It showed that mHealth was
only just emerging in many member states,
through experimentation in their health
sectors. Greater strategic implementation was
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observed in high-income countries, with up to 87% imple-
mentation of various mHealth categories, compared with
low-income and middle-income countries (LMIC) with
about 77%.? Most LMICs could only boast of one mHealth
intervention being implemented at the time." Africa had
the lowest number of responders in that survey, and the
lowest mHealth usage, with a mobile phone penetration
of 47% .

The past decade has seen a revolutionary increase in
the penetration and usage of mobile phones in Africa. A
recent country by country survey showed a 91% penetra-
tion in South Africa, 80% penetration in Nigeria and 75%
penetration in Tanzania which had the lowest.” It also
demonstrated an increasing adoption of smartphones in
many countries, even though it remains the region with
the lowest rate of smartphone ownership and usage glob-
ally.**

Intriguingly, there has been a phenomenal increase in
the prevalence of non-communicable diseases (NCDs) in
Africa.” This in addition to the already high prevalence
of infectious diseases notably malaria, HIV and tubercu-
losis results in a double burden of diseases in Africa. This
epidemiological transition has witnessed a rising inci-
dence of diabetes mellitus (DM) and hypertension across
populations in Africa.” The transition is thought to be a
result of urbanisation, an increasing adoption of western
diets, sedentary lifestyles (which result in obesity), and
advancing age.’” DM remains one of the most expensive
chronic diseases in Africa and world-wide.® Prevention of
diabetes and improving self-management among people
with diabetes are some of the main priorities of diabetes
as a public health problem.

mHealth has theoretically been thought to be suitable
as a supportive intervention in the management of DM
to help patients achieve desired target, sustain control
and prevent complications.” '” A 2011 meta-analysis of
1657 individuals with type 1 or type 2 DM using SMS
messages to send self-monitored blood glucose values and
receive self-management information actually showed a
0.5% reduction in glycated haemoglobin (HbAlc) over
a period of 6 months in mHealth intervention groups
compared with control groups.'” More recently in 2017,
another meta-analysis which included 13 studies reported
a mean reduction of 0.44% in HbAlc in mHealth inter-
vention groups compared with controls.'” Furthermore,
it reported an increased perception of self-care.'’” The
WHO recommends a HbAlc glycaemic target of less than
or equal to 7% for most patients with type 2 DM."!

Thus, the burgeoning increase in the usage of mobile
phones across Africa is a welcome development in terms
of the potential it holds with regards to supporting
existing healthcare systems in combating both commu-
nicable and NCDs. In the absence of a more recent
global survey, it is still pertinent to focus on Africa, and
review its adoption and implementation of mHealth
strategies to support most of’its ailing healthcare delivery
systems, and probably identify any impeding factors.
Currently, there are no data showing the degree of

implementation of mHealth in Africa as recommended
by WHO-GOe, especially regarding management of
DM. While a systematic review of economic evaluation
of mHealth solutions from studies conducted mostly in
upper and upper-middle income countries concluded
that mHealth is cost effective,12 same cannot be said
for the African continent due to unavailability of data.
Reported harms from mHealth range from loss of
privacy, to loss of reputation, poor quality of data, poor
lifestyle /clinical decision, inappropriate but reversible
clinical action and inappropriate and irreversible clin-
ical actions."” This study aims to review the extent of
implementation of mHealth in the management of DM
in Africa, and estimate its impact in the past decade.
The outcome of this systematic review will provide data
that will advise clinicians, diabetes nurse educators and
dieticians on the benefits and compelling need for
implementation of mHealth. It will also inform some
policy framework to embed mHealth in the standard of
diabetes care in Africa.

OBJECTIVES

1. To determine the extent of implementation of mHealth
strategies, and the common forms of mHealth used in
the management of DM in patients in Africa.

2. To determine the impact/efficacy of mHealth inter-
ventions in helping patients achieve treatment goals in
diabetes in Africa.

3. To determine the impact of mHealth on early detec-
tion, management and outcome of some diabetic com-
plications.

4. To identify any factors impeding the utilisation and im-
plementation of mHealth in Africa in management of
patients with DM.

5. To determine the possible harms and cost of imple-
mentation of mHealth strategies in Africa.

METHODS

Eligibility criteria

1. All published studies deploying one or more mHealth
strategies in the management of DM done in the conti-
nent between January 2010 and October 2021, includ-
ing randomised clinical trials and non-randomised
trials, quasi-randomised clinical trials and observation-
al studies. Unpublished studies from the Pan African
Clinical Trials Registry (PACTR) shall also be included.

2. Diagnosis of DM and treatment targets (fasting plas-
ma glucose and HbAlc) are based on the guidelines of
the WHO and the International Diabetes Federation
(IDF).

3. No language restrictions.

Exclusion criteria

1. Studies testing acceptability of mHealth among health
professionals will be excluded.

2. Duplicate publications.
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Table 1 Search strategy

Implementation and impact of mobile health (mHealth) in the management of diabetes mellitus in Africa

(implement* OR AND (mHealth* OR

AND (diabetes*

AND Africa/ OR “Africa South of the Sahara”/ OR

execute* OR “mobile health™” OR diabetes “Sub-Saharan Africa”/ OR north Africa/ OR
administrate* OR OR eHealth* OR mellitus, type Africa, Northern/ Egypt or Libya OR Tunisia OR
organize* OR fulfill* “electronic health*") 1/0R diabetes Algeria OR Morocco OR “Western Sahara” OR
OR perform* OR mellitus, type Angola/ OR Benin/ OR Botswana/ OR Burkina
utilize* OR manage* 2 OR diabetes, Faso/ OR Burundi/ OR Cameroon/ OR Cape
OR operat* OR act* gestational/) Verde/ OR Central African Republic/ OR Chad/
OR realiz* OR effect* OR Comoros/ OR Congo/ OR Brazzaville/

OR impact®) OR Cote d'lvoire/ OR Djibouti/ OR Equatorial

Guinea/ OR Eritrea/ OR Ethiopia/ OR Gabon/
OR Gambia/ OR Ghana/ OR Guinea/ OR
Bissau/ OR Kenya/ OR Lesotho/ OR Liberia/
OR Madagascar/ OR Malawi/ OR Mali/ OR
Mauritania/ OR Mauritius/ OR Mozambique/
OR Namibia/ OR Niger/ OR Nigeria/ OR
Rwanda/ OR Sao Tome e Principe/ OR
Senegal/ OR Seychelles/ OR Sierra Leone/ OR
Somalia/ OR South Africa/ OR South Sudan/
OR Sudan/ OR Swaziland/ OR Eswatini OR
Tanzania/ OR Togo/ OR Uganda/ OR Western
Sahara/ OR Zaire/ OR Zambia/ OR Zimbabwe/

SOURCES OF INFORMATION
We shall search the following electronic databases for
relevant studies implementing mHealth for DM in Africa
published between January 2010 and October 2020:
Medline database (PubMed), Cochrane Register of
Controlled Trials (CENTRAL) and Embase (Scopus).
The PACTR shall also be searched for on-going studies
that meet the criteria, as well as recently completed but
unpublished studies.

SEARCH STRATEGY
Medical Subject Headings (MeSH) will be used to search
through Medline database for all available studies on the
subject (table 1).

Terms describing all the available m-Health categories
or relating to them will also be used in the MeSH search,
using DM and Africa (regions and countries) as further
filters. All available controlled trials using this search will
be retrieved.

Similar methods will be used in searching through the
CENTRAL, and Embase (Scopus).

Hand searching and snowballing will be used when
necessary through all the databases to retrieve all relevant
articles.

Data from dissertations that are indexed will be
retrieved where possible. The PACTR will also be searched
for any ongoing, recently published or unpublished trials
meeting the inclusion criteria.

All searches will be carried out using the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidance of Population, Intervention, Comparator and
Outcome method as listed in the table below (table 2).

The Zotero application will be deployed to retrieve,
screen for duplicates and reference all articles.

STUDY RECORDS

Data management/selection process

Two authors independent of each other shall screen
titles and abstracts retrieved using the search strategy
and those from additional sources to select those
studies that meet the inclusion criteria outlined above.
Thereafter, the full text articles will be retrieved and

Table 2 PICO table

Population Intervention

Comparator Outcomes

All forms of mobile health
(mhealth) implementation in
the management of diabetes
mellitus and its complications.

All patients with diabetes
mellitus in the africa

Standard of care management Improvement in glycaemic

for diabetes mellitus in the control measured using mean
africa, based on accepted glycated haemoglobin (hbaic)
who and International and percentage changes in
Diabetes Federation (IDF) hbaic.

guidelines.
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independently assessed for eligibility again by the two
authors. A third reviewing author will be broughtin to
resolve any disagreement between the two authors by
discussion. Selected studies will be included for data
extraction and analysis.

Data collection process

A Microsoft word/Google doc-based form will be designed
and standardised for the extraction of data, assessment of
study quality and synthesis of evidence. A pilot test will be
done using 3-5 studies.

Data to be extracted from the articles selected will
include the names of authors; year of publication; country
of research; sample sizes of both study and control groups;
drug treatments used in each study; particular mHealth
intervention used in study with the strategy of delivery and
functionalities involved; type and durations of studies,
study methodology; outcomes and times of measurement
including mean baseline glycaemic control using HbAlc
or fasting plasma glucose, the mean glycaemic control at
the end of study using HbAlc and fasting plasma glucose,
the percentage change in HbAlc, number of hypogly-
caemic events and hyperglycaemic crises, quality of life
and body mass index (BMI) changes; harms including
loss of privacy and inappropriate clinical events; cost of
implementation; and indicators of acceptability of inter-
vention information for assessment of risk of bias.

RISK OF BIAS IN SELECTED STUDIES

Two authors will independently assess the risk of bias in

selected studies by following the recommendations of the

International Cochrane Collaboration as below given.'

1. Concealment of treatment allocation: was the allocat-
ed treatment adequately concealed from study partic-
ipants and clinicians and other healthcare or research
staff at the enrolment stage?

2. Blinding: were the personnel assessing outcomes and
analysing data sufficiently blinded to the intervention
allocation throughout the trial?

3. Completeness of outcome data: were participant ex-
clusions, attrition and incomplete outcome data ade-
quately addressed in the published report?

4. Selective outcome reporting: is there evidence of se-
lective outcome reporting and might this have affected
the study results?

5. Other sources of bias: was the trial apparently free of
any other problems that could produce a high risk of
bias?

A third review author will be brought in where there
are disagreements between the two reviewing authors to
resolve them by discussion.

DATA SYNTHESIS
We shall begin with a narrative synthesis which shall
describe the following:

1. The intervention used in the studies described (such
as individual behaviour change, chronic disease self-
management, clinic appointment reminders or clini-
cal diagnostic aid).

2. The mHealth category used and the mobile phone

functionalities deployed.

. The characteristics of the sample population.

4. The expected outcomes especially changes in HbAlc,
number of hypoglycaemic events and hyperglycaemic
crises, quality of life and BMI changes.

Risk ratios for dichotomous outcomes and standardised
mean differences for continuous outcomes shall be calcu-
lated to provide summaries of the intervention effects
with extracted data.

Qo

Statistical analyses

We will synthesise data by carrying out measurement of
effects for the outcomes of the included studies, extracting
means and SD rather than calculated effect size. Where
multiple outcomes are provided, we will place them in
categories that correspond to the type of outcome. Pref-
erence will be given to extraction of data that is presented
in most acceptable formats requiring the least inputs or
inference from authors.

However, this will depend on the characteristics of the
eligible studies retrieved and if they employed the same
intervention and categories of mHealth. Where this is
feasible a statistical analysis to summarise the results of
trials using a random effect meta-analysis will be done
using Stata V.16.1 (StataCorp) or SPSS V.22 (SPSS), with
standardised mean differences for continuous outcomes
and risk ratios for binary outcomes where indicated. Each
outcome will have a two-sided p value and a 95% CI.

Subgroup analysis and investigation of heterogeneity
Subgroups of data may be created and analysed where
heterogeneity is statistically significant depending on
the characteristics of the eligible studies retrieved and if
they employed the same intervention and categories of
mHealth.

Forms of mHealth being considered include voice calls
and short messaging services also known as SMS, as well
as more complex functionalities and applications such
as GPS, GPRS and also third and fourth generation tele-
communications 3G, 4G and Bluetooth technology either
as part of the mobile phones or as independent wireless
devices.

We will assess heterogeneity between studies using
both %* and I? and Q statistics where appropriate. We will
compare the pooled study estimates between subgroups
defined by study-level characteristics, and use sensi-
tivity analyses to determine the potential sources of
heterogeneity.

We will assess for publication bias using a combination
of Egger’s weighted regression method and Begg’s rank
correlation as appropriate, depending on whether the
outcomes are continuous or dichotomous, respectively.
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DATA STATEMENT
An application to register this protocol online with the
International prospective register of systematic reviews
(PROSPERO) has been submitted, and in due course
data can be assessed at (https://www.crd.york.ac.uk/
prospero/, registration no. CRD42021218674).

Any amendment to this protocol will require re-reg-
istration, republication and updating of the necessary
sections.

ETHICS AND DISSEMINATION
No ethical approval will be required since only published
data will be used.

The findings of this review will be published in a peer-
reviewed journal and probably presented if accepted at a
suitable medical conference.
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