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Abstract

Introduction: The advent of digital systems and global mobile phone availability presents an opportunity for better healthcare
access and equity. However, the disparity in the usage and availability of mHealth systems between Europe and Sub-Saharan
Africa (SSA) has not been explored in relation to current health, healthcare status, and demographics.

Objective: This study aimed to compare mHealth system availability and use in SSA and Europe in the above-mentioned
context.

Methods: The study analyzed health, healthcare status, and demographics in both regions. It assessed mortality, disease
burden, and universal health coverage. A systematic narrative review was conducted to thoroughly assess available data
on mHealth availability and use, guiding future research in the field.

Results: SSA is on the verge of stages 2 and 3 in the demographic transition with a youthful population and high birth rate.
Communicable, maternal, neonatal, and nutritional diseases contribute to high mortality and disease burden, including child
mortality. Europe is on the verge of stages & and 5 in the demographic transition with low birth and death rates. Europe’s
population is old, and non-communicable diseases (NCDs) pose major health challenges. The mHealth literature adequately
covers cardiovascular disease/heart failure, and cancer. However, it lacks approaches for respiratory/enteric infections,
malaria, and NCDs.

Conclusions: mHealth systems in SSA are underutilized than in Europe, despite alignment with the region’s demographics
and major health issues. Most initiatives in SSA lack implementation depth, with only pilot tests or small-scale implementa-
tions. Europe’s reported cases highlight actual implementation and acceptability, indicating a strong implementation depth
of mHealth systems.
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Introduction

Three of the eight Millennium Development Goals (MDGs)
are specifically related to health' as follows: MDG 4:
reduce child mortality, MDG 5: improve maternal health,
and MDG 6: combat HIV/AIDS and malaria.
Unsurprisingly, the three goals are aimed at the main
health issues of developing countries.? Like in the MDGs,
health plays an important role in the 2030 agenda on
Sustainable Development Goals (SDGs); especially in
SDG 3: “Ensure healthy lives and promoting well-being
for all at all ages”.” The important detail to note is the add-
ition of “at all ages” in the title, considering all ages includ-
ing aging that could be the future problem in developing
countries. The most straightforward indicator for the
health status of a population is mortality-based estimates.”*
However, mortality alone does not fully encompass the
health status, often referred to as the “burden of disease”,
of a population®® The overall burden of disease is assessed
using the disability-adjusted life year (DALY).”*® Similarly,
the top two indicators for measuring healthcare are the
health worker density and distribution and the coverage
of essential health services.” One available metric to track
progress on this is the universal health coverage (UHC)
index. The UHC index is the geometric mean of 14 indica-
tors measuring the coverage of essential services including
reproductive, maternal, newborn and child health, infec-
tious diseases, non-communicable diseases (NCDs), and
service capacity and access, among the general population
and the most disadvantaged population. It is also one of
the indicators used to track SDG target.'™'! As of 15
November 2022, the world population is projected to
reach 8 billion as a result of the great acceleration.'*'?
The consumption of energy, resources, land, food, etc.
also increased quickly in tandem with this explosive popu-
lation growth.'

Demographic transition model

Natural growth of the world population is only determined
by the number of births; and the number of deaths (mortal-
ity)."> However, birth rate and mortality alone do not tell
the whole story. If both decline at the same time, the
world population would not increase. The clue here is the
timing at which those changes in birth rate and mortality
happen. This rapid growth of the world population can be
explained by the demographic transition model that con-
tains five stages.'® It is an elegant, empirically determined
model that describes the observed pattern of demographic
transition in countries around the world. Each stage is char-
acterized by a specific birth rate and mortality, which is
reflected in the associated age structure of that population.
Each stage in this demographic transition comes with its
typical health issues. Generally, in the early stages of the
demographic transition model, which is characterized by

young generation, crude death rates are high due to dis-
eases, epidemics, famine, lacking hygiene, lack of food,
poor education, and insufficient healthcare. As medical
care, hygiene and access to food improve, life expectancy
increases in the middle stages. However, child mortality
still remains high in these young populations due to inad-
equate healthcare. At the later stages, as the population
grows older, ageing becomes a problem. From empirical
evidence, it is clear that the demographic transition model
can be applied to any country or region but not all countries
go through the different stages at the same time or at the
same rate. Future population growth'” mainly depends on
how fertility—the number of children per woman—will
evolve.'® To have a stable, sustainable population in the
future when mortality is decreasing, fertility also needs to
decrease.'® Empirical evidence and theoretical explanation
indicate that a reduction in child mortality is the key to a
sustainable, developed future population. While this
might not be very obvious at first glance, indeed, there is
a causal relationship between child mortality and fertility
—the number of children born per woman during repro-
ductive years, regardless of pregnancy outcome.
Countries with a low child morality typically have one to
four children per woman. Countries with higher child mor-
talities have four to six children per woman.'” The two the-
ories that can support these are the child replacement theory
in which parents that have lost a child might deliberately
decide to have additional child shortly after, and the other
is the insurance or hoarding effect in which when mortality
is high, prudent couples will try to overshoot their actual
target family size to ensure a minimum number of surviving
children that eventually reach adulthood. As a result, It is
argued that population growth can be halted by ensuring
the survival of children.?®*' Mortality changes have a
large impact on fertility reductions and can account for a
major part of the fertility change characterizing demo-
graphic transitions.

mHealth: a solution to our health problems?. The introduc-
tion of digital systems and mass availability and use of
mobile phones globally opens a new opportunity for provi-
sion of improved access and equity to healthcare service. At
the end of 2018, 5.1 billion people across the world owned a
mobile device subscription, and it is estimated that by 2025,
this number will grow to 5.8 billion.? Hence, mHealth
applications provide a significant potential of technologies
to be integrated into clinical services to support quality
medical care worldwide. The World Health Organization
(WHO) defines mobile health (mHealth) as the use of
mobile wireless technologies for public health.”® The
added value of mHealth is that it can support new models
of care by surpassing geographical and temporal barriers
and can contribute to the sustainability of healthcare
systems.** By offering creative and affordable alternatives
for healthcare delivery, removing financial and geographic




Aboye et al.

constraints, and enhancing health literacy and awareness,
digital health has the potential to promote equity and
access to healthcare services.>>?%2” 1t is clear that, now
more than ever, mHealth can be a solution to many of the
healthcare challenges present today.?®

The problem with the world ever growing population is
that there is a physical limit to the number of people that can
inhabit our planet. Already, some urban regions on our
planet are becoming overcrowded. This overcrowding
puts general health and well-being of the people who live
there at risk. To make matters worse, social distancing
required as a result of recent COVID-19 made face-to-face
consultation and care-taking impossible in many
instances.””>" In addition to the problems stated above,
the COVID-19 pandemic further impacted health worker
density. Additionally, COVID-19 claimed the lives of
115,000 front-line healthcare workers.>!

Even though we are on the era of enhancement of digit-
alizing the global healthcare system, there is a huge gap
between the availability and use of mHealth systems in
the developed world and the developing world. The main
aim of this study is to describe these differences in the avail-
ability and use of mHealth systems between Europe and
Sub-Saharan Africa (SSA) in the context of current
health, healthcare status, and demographic structure.

Methods

Health status

To assess the health status of SSA as a representative of a
developing region and Europe as a representative of a
developed region, we look at the current data on three dif-
ferent indicators. The most straightforward indicator for
health status of a population is mortality. For both SSA
and Europe, we look at what the share of deaths is by
each cause, to identify the major causes of mortality. For
both SSA and Europe, we have a look at the major causes
of DALYs. We investigate whether the target for child mor-
tality is reached in the different countries of SSA and
Europe. We also investigate the major causes of child mor-
tality in both regions.

Healthcare

To assess the healthcare status of SSA and Europe, we look
at the current data on two different indicators. The first indi-
cator is the health worker density, typically given per 1000
or 10,000 people. We look at the density of four different
categories of health workers: medical doctors; nurses and
midwifes; dentists; and pharmacists. The second indicator
we look at is the UHC index which is a composite indicator
comprising 14 measures of essential service coverage,
including reproductive, maternal, newborn and child
health, infectious and NCDs, service capacity, and access.

It is calculated as a geometric mean and is used to track pro-
gress towards achieving the SDG target, particularly among
the general and most vulnerable populations.'®!! The UHC
index of the different countries in both SSA and Europe was
investigated as well as the mean number of the UHC index
for both regions.

Demographic analysis of SSA and Europe

Demographic analysis. In the demographic analysis, the
most recent numbers or estimates for several demographic
parameters were presented and discussed. The data was
retrieved from the databases of the United Nations, the
World Bank, and Our World in Data. The first parameter
investigated was the total population of SSA and Europe.
We look at how the total population has changed since
1950. We look at the most recent estimation of total popu-
lation. Finally, we take a look at the projections for the total
population in the years to come, up until 2100. The second
and third parameters investigated were the crude birth rate
and the crude death rate. Again, we look at how both,
birth and death rates, have changed since 1950; what the
current birth and death rates are; and the projections of
the change of these rates up until 2100. When looking at
these two parameters, we indirectly also look at another par-
ameter, which is natural growth. Natural growth is the dif-
ference between birth rate and death rate. The fourth
parameter we investigated was the current demographic
age structure of both regions. This is done by looking at
the so called ‘population pyramids’ of both regions. The
final parameter that is investigated is the fertility rate, or
the number of children per woman. Again, we look at
how the fertility rate has changed since 1950; the current
fertility rates; and how these rates are projected up until
2100. Since there is a relationship between fertility and
child mortality, we take the opportunity to look at the
current fertility and child mortality rates for the different
countries in both regions.

Placement within the demographic transition model. With the
information retrieved in the demographic analysis of SSA
and Europe, it was pinpointed in which stage both regions
are located within the demographic transition model and
which stage they will go through in the years to come.

Availability and use of mHealth systems

A narrative review using a systematic approach is carried
out to give a thorough assessment of the available data
and to assist in directing future research in mHealth. The lit-
erature search used four databases: Scopus, Web of
Science, IEEE Xplore, and PubMed. The search query
was (“Mobile health” OR mHealth OR telehealth OR tele-
medicine OR “Wearable devices”) AND (“Sub Saharan
Africa”) AND (Use* OR Practice OR Implementation*
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OR Enactment OR Application OR Operation OR
Employment OR Execution OR Development OR Growth
OR Expansion OR Advance OR Progress OR Change).
Identical search is used for Europe, except replacing
”’Europe’” instead of “Sub Saharan Africa”.”. Only articles
published in 2000 and later were presented as results for
both search searches. Each database was last searched on
20 December 2021. The title and abstract were successively
screened by two reviewers. Table 1 lists the inclusion cri-
teria that were applied during the screening procedure.
All overarching studies and systematic reviews that dis-
cussed mHealth systems in SSA and Europe (or parts of
those regions) were used for retrieving the data with
respect to the availability and use of mHealth system and
to compare them with the current health, health status,
and demographic structure of SSA and Europe.

As the study is a review employing secondary data from
published articles and databases, obtaining patient consent
was deemed unnecessary. It was ensured that no identifiable
patient information was included in the utilized data.

Results

Health status

Mortality. The share of deaths by each cause for SSA and
Europe in the year 2019 can be seen in Figures 1 and 2,
respectively. In SSA, the leading cause of death are cardio-
vascular diseases (CVDs), accounting for 13,77% of total
deaths. If we have a look at the rest of the top 10 causes of
death, we see that their shares are relatively close together,
ranging from 9,94% to 4,20% of total deaths. The causes
are, in descending order of their share, neonatal diseases,
enteric infections, lower respiratory infections, human
immunodeficiency viruses (HIVs)/acquired immunodefi-
ciency syndrome (AIDS), diarrheal diseases, malaria,
cancers, tuberculosis, and digestive diseases.

In Europe, CVDs are the major cause of death,
accounted for an astonishing 44,62% of total death.

Table 1. Inclusion criteria for paper selection.

1. The paper is a systematic review and/or overarching study in
SSA and Europe.

2. mHealth is addressed as a primary issue.

3. mHealth implementation and feedback are discussed in the
paper.

4. The mHealth approach is towards human domain.

5. The mHealth approach is directly for patients (not for
educating nurses, doctors, etc.).

Cancers are the second major cause with 23,94%; following
these are digestive diseases, Alzheimer’s disease, and
respiratory diseases, each accounting for almost 5% of
total deaths. Except for lower respiratory infections and sui-
cides, all causes of death in the top 10 are NCDs.

Burden of disease. The share of DALY's by cause in 2019
for both SSA and Europe can be found in Figures 3 and
4, respectively. In both figures, the disease burden is
divided into three categories: NCDs); communicable,
maternal, neonatal, and nutritional diseases; and injuries.
The number one cause of disease burden in SSA is neonatal
disorders (13,82%), followed by respiratory infections and
tuberculosis (TB) (11,59%); malaria and neglected tropical
diseases (9,49%); and enteric infections and HIV/AIDS and
sexually transmitted infections (STIs) (7,87%).

Child mortality. The countries where the SDG target of
under-5 mortality being as low as 25 per 1000 live births
is reached are identified separately. The remaining countries
are catagorized based on their child mortality rates, using
varying level of gradation as shown in the Figure 5.

Based on color alone, one can easily identify SSA on the
world map. The average under-5 mortality in SSA is 73 per
1000.** When looking at Europe, we see that all countries
have reached the SDG target of under-5 mortality being
as low as 25 per 1000 live birth. The average under-5 mor-
tality in Europe is 4 per 1000.>* Child mortality is still so
high in SSA.

Healthcare

Health worker density. The most recent numbers of each
subdivision of health worker density are given in Table 2.

UHC. An overview of the UHC index—ranging from 0—
100, where 0 is the worst case and 100 is the best case
per country, can be seen in Figure 6.

From the colored world map, it is immediately clear that
there is a big difference in health coverage between SSA
and Europe. The mean UHC index is 44,56 for SSA and
79,22 for Europe.35 Within Europe, we also see some dif-
ferences between different regions. Western and Central
European countries have the best UHC indices, all
scoring above 80. Eastern European countries all have
UHC indices between 70 and 80.

Demographic analysis of SSA and Europe

Demographic analysis

Total population. The UN currently estimates the total
population in SSA at 1,166,871,764."” Figure 7 displays
how the population has changed since 1950 and what the
projected population change is up until 2100. We can see
that the population of SSA has doubled since 1995. The
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Neonatal deaths
Enteric infections
Lower respiratory infections
HIV/AIDS

Diarrheal diseases
Malaria

Cancers
Tuberculosis
Digestive diseases
Liver disease
Respiratory diseases
Road incidents
Diabetes mellitus
Meningitis

Cardiovascular diseases | 13.77 %

Kidney disease 1.6%
Nutritional deficiencies 1.36%
Protein-energy malnutrition 1.31%
Maternal deaths 1.23%
Homicide 1.05%
Suicide 0.91%
Alzheimer's disease 0.82%
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Parkinson's disease J§ 0.2%
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Drug disorders | 0.03%
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5
9.94%
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7.59%
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Figure 1. Share of deaths by cause, SSA, 2019.%% (CC BY 4.0). https:/creativecommons.org/licenses/by/4.0/deed.en_US.

population is projected to double again by 2050. Likewise,
the UN currently estimates the total population in Europe at
743,147,538."7 Figure 8 displays how the population has
changed since 1950 and what the projected population
change is up until 2100.

Birth rate and death rate. Figure 9 displays how crude
birth rate and death rate in SSA have evolved since 1950
and the future projection of these rates up until 2100. We
see that the death rate has been in decline since a long
time. Death rate has currently reached a very low level of
about 0,9%. The projection predicts the death rate reaching
a plateau in the years to come. Notably, we see a small
bump in death rate in the last 2 years, which can be attrib-
uted to the COVID-19 pandemic. Figure 10 displays how
crude birth rate and death rate in Europe have evolved
since 1950 and the future projection of these rates up
until 2100. We see that death rate declined to about to the
low level of 1,0% in 1960. Since then, the death rate
stayed at roughly the same low level, hovering between
1,0% and 1,2% up until now. Similar to what we saw in
the death rate of SSA, we also see the bump in death rate
in Europe, which can be attributed to the COVID-19 pan-
demic. Future projections predict a slight increase in
death rate.

Age structure. The demographic age structure of a popu-
lation is typically visualized by a population pyramid. On

the horizontal axis, the amount or share of males and
females is placed, on the vertical axis, the different age
groups. The population pyramid of SSA can be seen in
Figure 11. The population pyramid of Europe can also be
seen in Figure 12.

Fertility

The final demographic parameter we look at in this demo-
graphic analysis is fertility, or the number of children per
women. The fertility rate since 1950 and further projection
up until 2100 for SSA and Europe is seen in Figures 13 and
14, respectively. In both figures, the important replacement
fertility rate of 2,1 children per woman—i.e., the fertility
rate at which a population replaces itself from one gener-
ation to the next—is indicated.

Placement within the demographic transition model. The
population pyramid in SSA has the typical pyramid
shape, with a broad base, gradually narrowing towards
the top, indicating a very young population. With this
information, we can place the region of SSA somewhere
on the verge of stages 2 and 3 within the demographic
transition model referring to the five stages of demographic
transition model'® in Figure 15. The population pyramid in
Europe has a very narrow base and a broad center, only
narrowing at the very top, indication of a very old
population. With this information, we can place the
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Cardiovascular diseases 44.62%
Cancers
Digestive diseases
Alzheimer's disease
Respiratory diseases
Lower respiratory infections
Liver disease
Diabetes mellitus
Kidney disease
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Parkinson's disease il 0.93%
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Alcohol disorders [l 0.72%
Homicide | 0.43%
Neonatal deaths || 0.37%
HIV/AIDS | 0.33%
Tuberculosis | 0.26%
Drowning | 0.24%
Drug disorders | 0.22%
Heat-related (hot and cold exposure) | 0.2%
Enteric infections | 0.19%
Fire | 0.18%
Diarrheal diseases | 0.18%
Nutritional deficiencies | 0.11%
Protein-energy malnutrition | 0.09%
Meningitis | 0.05%
Maternal deaths | 0.01%
Hepatitis | <0.01%
Natural disasters | <0.01%
Malaria | 0%
0% 10% 20% 30% 40%
Figure 2. Share of deaths by cause, Europe, 2019.%% (CC BY 4.0). https:/creativecommons.org/licenses/by/4.0/deed.en_US.
Neonatal disorders 13.82%
Respiratory infections and TB 11.59%
Malaria & neglected tropical diseases 9.56%
Enteric infections 9.49%
HIV/AIDS and STis 7.87%
Other NCDs 6.81%
Cardiovascular diseases 5.56%
Cancers 3.32%
Nutritional deficiencies 3.07%
Mental disorders 3.02%
Digestive diseases 2.59%
Unintentional injuries 2.57%
Transport injuries 2.34%
Diabetes and kidney diseases 2.1%
Neurological disorders 1.97%
Musculoskeletal disorders 1.9%
Respiratory diseases 1.54%
Maternal disorders 1.16%
Sense organ diseases 1.15%
Skin diseases 1.12%
Interpersonal violence 0.99%
Self-harm 0.62%
Substance use disorders 0.41%
Conflict & terrorism JJj] 0.31%
Natural disasters | 0.02%
0% 2% 4% 6% 8% 10% 12%

Figure 3. Share of total disease burden (measured in DALYs) by cause, SSA, 2019.%% (CC BY 4.0). (https:/creativecommons.org/licenses/by/
4.0/).

region of Europe somewhere on the verge of stages 4 and 5  Demography and health. SSA still has a lot of major health
within the demographic transition model referring to issues that need to be addressed in the years to come.

the five stages of demographic transition model'® in  However, when looking at crude death rate, we saw that

Figure 15. death rate is already very low in SSA. So, from a health



https://creativecommons.org/licenses/by/4.0/deed.en_US
https://creativecommons.org/licenses/by/4.0/deed.en_US
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Aboye et al.

Mental disorders |GG 5.74%
Other NCDs [N 5.7 1%
Neurological disorders I 5.66%
Unintentional injuries [N 5.31%
Digestive diseases [N 4.39%
Diabetes and kidney diseases 4.25%
Respiratory diseases [IIIEEGE 3.45%
Sense organ diseases [ 2.61%
Respiratory infections and TB [ 2.49%
Substance use disorders I 2.4%
Transport injuries [ 2.08%
Self-harm N 1.87%
Skin diseases [ 1.85%
Neonatal disorders [l 1.54%
Interpersonal violence . 0.75%
Nutritional deficiencies il 0.62%
HIV/AIDS and STIs il 0.61%
Enteric infections [l 0.47%
Malaria & neglected tropical diseases | 0.09%
Maternal disorders | 0.04%
Conflict & terrorism | 0.04%
Natural disasters | 0.01%

0% 5%
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Figure k. Share of total disease burden (measured in DALYs) by cause, Europe, 2019.%? (CC BY 4.0). (https:/creativecommons.org/licenses/

by/4.0/).

perspective, one could conclude that the situation is not as
bad as it seems in SSA. This conclusion however, is—not
correct. The crucial thing to realize here is that the popula-
tion of SSA is very young. With better healthcare, the death
rate of this young population should be even lower.
However, with current health issues still existing in SSA,
the death rate of the very young population is about the
same as the death rate in the much older European
population.

This shows the importance of also looking at the demo-
graphic structure when assessing the health status of a
population. This is indirectly done by looking at indicator
such as child mortality instead of mortality alone. Indeed,
the difference in health status becomes very clear if we
compare the child mortality in SSA and Europe.

Use and availability of mHealth systems of SSA
and Europe

The SSA article search revealed a total of 1020 articles, of
which 831 remained after duplicates were removed. The
search query for Europe articles produced a total of 2477
articles, of which 1605 remained after duplicates were
removed. After title and abstract screening, 593 SSA arti-
cles were eliminated, leaving 238 for further screening;
and 1201 publication for Europe were excluded, leaving
404 for further review. The remaining articles were then
evaluated for their suitability for further investigation.

Following screening for eligibility, 14 articles for SSA
and 20 articles for Europe were chosen.

mHealth solutions—SSA. The youth predominates in SSA as
a result of population changes. There is a great need for
technological solutions to be included into the healthcare
system due to the region’s double burden of communicable
disease and NCDs, as well as the fact that there is insuffi-
cient healthcare service delivery and staff. There has been
little research on the availability and use of mHealth by
health workers for disease diagnosis.37 However, a substan-
tial amount of evidence has been reported on the use of
mobile technology as a clinical decision support system
in SSA, indicating an increase in the domain and its poten-
tial for improving health service delivery in low-resource
settings.*® Pregnant women, young moms, HIV and AIDS
patients, children, adolescents, and adults in general in
SSA were the major targets of mHealth interventions.®”
These interventions have been shown to improve adherence
to treatment and medication procedures, promote clinical
appointment compliance, and improve drug collection on
time.*°

Telemedicine has been successfully deployed in SSA in
many fields: dermatology, ophthalmology, HIV prevention
and care, clinical psychology and psychiatry, neurosurgery,
radiology, and NCDs, including hypertension.*' There are
also attempts for adoption and integration of telemonitoring
to support HIV and tuberculosis uptake, retention,
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Figure 5. Under-5 mortality (per 1000), 2020.%% (CC BY 4.0). https:/creativecommons.org/licenses/by/4.0/deed.en_US.

Table 2. Health worker density (per 10,000), 2020.3*

Nursing and midwifery personnel 12,89 83,41
Medical doctors 2,92 36,61
Pharmacists 0,80 6,47
Dentists 0,33 6,20

adherence, prevention, and treatment in all settings.*?
mHealth and telemonitoring systems hold great promise
for improving healthcare, particularly for those on long-
term treatment, such as HIV and TB. The most recent
technological advancements in SSA offer tremendous
opportunity to integrate telehealth strategies into the
various stages of the hypertension control cascade.*?

The majority of the health issues addressed by mHealth
projects were associated with the most frequent causes of
mortality and disease burden in SSA, which fall into the cat-
egories of communicable, maternal, neonatal, and nutri-
tional diseases, despite not being well established or
having widespread implementation.

In terms of area of mHealth Interventions, mHealth tech-
nologies are mostly distributed within the rural and semi-
rural areas of SSA. Initiatives are targeting at locations

which are understaffed in terms of health personnel and
lack of specialist health personnel.* Most mHealth inter-
ventions are telemedicine applications to transmit diagnos-
tic information and SMS based approaches for informing
and reminding the patient.>***

A lack of existing mHealth research is reported regard-
ing childhood and adolescent obesity in SSA.*

It is also reported that the scale-up of mHealth in ante-
natal care programs in SSA is hampered by a number of
organizational and financial issues. Scale-up has also been
slowed down by the lack of experience with mHealth tech-
nologies in landlocked and developing nations like South
Sudan, Rwanda, and Somalia. There is a need for research
into the long-term effects of mHealth interventions on ante-
natal care outcomes as well as on the cost-effectiveness of
such interventions to help with the transition beyond the
pilot phase.*® Such information could aid in the develop-
ment of appropriate policies and procedures for use in
healthcare facilities, enabling the expansion of mHealth
interventions.*®

In SSA, mHealth for maternal health, NCDs care, and
telehealth interventions for hypertension are still limited,
are inadequate, and are in its early stages. However, every-
one agrees that the prospects are promising.*’*%43
Moreover, mHealth innovation used by palliative care ser-
vices and research on the use of mHealth interventions to
manage chronic disease conditions such as HIV, tubercu-
losis, cancer, and hypertension is limited.** 4° However,
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it has been demonstrated that mHealth interventions can be
used to effectively treat and manage both communicable
and non-communicable diseases.?’ Additionally, there is a
lack of studies reporting on acceptability and efficacy of
telemedicine for neurology.*' Several evidence gaps must
be addressed, including specific mechanisms underlying
the use, sustainability, and effects of mobile technology
for clinical decision-making on quality of care, as well as
their ability to be fully integrated into routine practice.*®
The lack of scientific evidence could be explained in part
by a systematic failure to consider success factors in the
implementation and use of mHealth during project design.
SSA does have a lack of documentation on mHealth
success factors;*’ and there is insufficient evidence to
support its effectiveness.*®

It is critical to invest in simple, cost-effective, and
dependable telemonitoring approaches to increase accept-
ability, uptake, and retention in health systems.*? When
developing mHealth, it is important to take into account
the evidence already available from other conditions. This
may provide guidance for developing interventions that
are in line with the evolving patient population needs,
who are likely to have rising chronic care needs, in the
years to come.*’

mHealth solutions—Europe. As a result of demographic
changes, Europe’s population is getting older. People’s reli-
ance on digital technologies is growing, and health

ministries are investing more money in digitization. Older
people are impacted by societal digital demands, and learn-
ing to use new telehealth systems and digital devices is seen
as a way to meet their needs.”® The majority of the health
conditions that the implemented mHealth systems in
Europe dealt with were related to aging. The focus of
mHealth research has also been on chronic medical condi-
tions. Heart and CVD-related conditions (24.5%), mental
disorders (17.8%), obesity, weight management, and
healthy diet (13.3%), diabetes (11.1%), and neurological
diseases (8.9%) were the health issues most frequently
addressed by mHealth systems.”’ This coincides very well
with the disease burden the region is experiencing.
Cardiovascular Disease/Heart Failure (CVD/HF) is the
most common health issue in Europe (23,2%), followed
by chronic diseases (8,7%).

Many telemedicine trials and projects have been focused
on chronic heart failure since the early 2000s. The first tele-
medicine initiatives relied on telemonitoring, or telephone
follow-up for elderly patients. Over the past 10 years, a
number of second-generation telemedicine projects for
heart failure have emerged in Europe or are still being
developed.” Remote monitoring of cardiac implantable
electronic devices (CIEDs) is reported to be safe and cost-
effective. Most patients readily accept it, and it allows for
the early identification of significant clinical issues.”>

The management of CIEDs will be significantly
impacted by remote monitoring, and most centers would
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like to have remote device programming capabilities in the
future.>® Chronic disease home telemonitoring appears to
be a promising patient management strategy that generates
accurate and trustworthy data, empowers patients, affects
their attitudes and behaviors, and may even improve their
health conditions.>® Methods for assessing dietary intake
that make use of modern technology, like mHealth, may
be more appealing and entertaining than those that rely on
paper, especially for children and young adults. When com-
pared to more objective measures, gaps between many of
the new technology tools and traditional methods of meas-
uring dietary intake are larger.”” It has been demonstrated
that Internet- and mobile-based psychological interventions
(IMIs) are adaptable, technically diverse methods that lend
themselves to a variety of application areas and indications
of varying severity. They are viewed as a helpful addition to
the treatment options rather than a replacement for trad-
itional psychotherapeutic interventions.>® Compelling evi-
dence is provided by a number of studies demonstrating
the viability and acceptability of web- and mobile-based
interventions for people with schizophrenia and/or other
psychotic disorders for both patients and caregivers.
There is some evidence that certain aspects of mental
healthcare processes, such as shared decision-making,
symptom monitoring, disease management, information
provision, and empowerment, may be improved by

e-mental health interventions. They may also enhance out-
comes by encouraging symptom reduction and treatment
adherence, according to early research.”’

Positive results are reported from telehealth interven-
tions for chronic obstructive pulmonary disease
(COPD).*® It has been reported that eHealth and telephone
support for overweight or obese children are available in
Europe.” In studies examining the monitoring of workload
in team sports, Europe is cited as a pioneer. Typically,
Global Positioning System (GPS) data is used to monitor
workload and determine the risk of injury.®

Websites are the most popular source, while apps are the
least popular. The majority of the sources emphasized a
healthy lifestyle, nutrition, and physical activity rather
than obesity specifically. To initiate behavior change,
eHealth and telephone guidance mediums target risk
factors.”® In general, the research regarding childhood and
adolescent obesity is currently lacking in Europe.*’

Apps have reportedly been found to be useful for promot-
ing healthy lifestyles among students and adolescents in
Europe, serving as tools for tracking both dietary intake
and physical activity. The apps allow users to set goals
and monitor their own progress, offer customized feedback,
and ultimately increase awareness and motivation.®'

Many nations in Central and Eastern Europe are still
working to lower the rate of maternal mortality. These



https://creativecommons.org/licenses/by/3.0/igo/
https://creativecommons.org/licenses/by/3.0/igo/

Aboye et al. 11
w — o
u "‘ <
~ 7] R,
-‘.”,' ,/
o —— median ‘,;///
= = B0% prediction interval Jrat g
---- 95% prediction interval R
g — observed i
© =~ 405 child o
= 60 sample trajectories S
2 o
E
=
o [Ts)
BN
=
(=8
=]
o B
w |
uwy
9 -
e T T | ‘ | T T I ] T T T |
1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Figure 8. Total population, Europe, 1950-2100."7 (CC BY 3.0 IGO). https:/creativecommons.org/licenses/by/3.0/igo/.

nations would profit from mHealth initiatives that raise
awareness of the ways to improve their quality of life and
assist with childcare; particularly given that medical profes-
sionals are migrating to Europe’s wealthier nations, while
the number of professionals in Central and Eastern
European nations is already quite low.%* This is consistent
with the fact that UHC is lower in Eastern Europe. Many
European nations struggle to keep up with vaccination
rates and combat vaccine hesitancy. This emphasizes the
requirement for creative digital approaches in immunization
programs. The current use of digital-based interventions to
support vaccine delivery is dispersed, and there is insuffi-
cient oversight and evaluation of their effects on population
health.*®

It is shown that telemedicine uptake among genetics pro-
fessionals in Europe is currently low.** In some European
nations, like the Netherlands, Sweden, Norway, or
England, IMIs are currently established as a component
of standard medical care. But in most other European
nations, their integration into mental healthcare is less
pervasive.”®

In Europe, telemedicine for diabetics has increased and
intensified as a result of COVID-19 and the need for
social isolation. For adults and children with type 1 dia-
betes, glucose-sensing technologies have made it possible
for effective glycemic control that is comparable to

pre-COVID-19 standard care and has, for many people,
led to better glucose control. There is evidence that both
adults and children with diabetes are capable and willing
to communicate with their doctor via phone, text, and
videoconference systems, and that they believe these
methods have a significant positive impact on their
health-related quality of life.®®

Because of the COVID-19 pandemic,’® there is a
decreased capacity to see patients in the outpatient clinic,
and mHealth has become an important component of
many atrial fibrillation outpatient clinics. Many validated
mHealth solutions for remote heart rate and rhythm moni-
toring and risk factor assessment are reported to be avail-
able.’” A 2021 study on pandemic pediatric telemedicine
use found that pediatric providers used telemedicine more
during the COVID-19 pandemic, as well as a partially sus-
tained effect that will promote telemedicine use as part of a
hybrid care provision in the post-pandemic era.®®

Discussion

In SSA, notably only three of the top 10 causes of death are
NCDs; CVD (13.77%), cancers (6.82%), and digestive dis-
eases (4.2%). The other seven all fall under the category of
communicable (enteric infections (8.77%), tuberculosis
(4.97%), diarrheal diseases (7.63), HIV/AIDS (8.21%),
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malaria (7.59%)), neonatal (neonatal deaths (9.94%)), and
nutritional diseases. In Europe, we see a quite different
story. Almost 70% of deaths are caused by only two dis-
eases, namely CVDs (44.62%) and cancer (23.94%).
While looking at disease burden in SSA (Figure 10), we
immediately see some differences with the causes of mor-
tality, underlining the importance of looking at burden of
disease when assessing the health status of a population.
Contrary to the causes of mortality, the top five disease
burdens in SSA are: neonatal disorders (13.82%), respira-
tory infections and TB (11.59%), malaria and neglected
tropical illnesses (9.56%), enteric infections (9.49%),
HIV/AIDS, and STIs (7.87%). NCDs also contribute sig-
nificantly to the disease burden, with CVDs (5.56%) and
cancers (3.32%) ranking seventh and eighth, respectively.
Upon comparison of the regions of SSA and Europe, it
becomes evident that CVDs and cancer represent significant
contributors to mortality in both regions. This observation
aligns with existing literature that substantiates the

epidemiological landscape of said regions. Furthermore,
the available evidence suggests that there has been a dis-
cernible shift in disease epidemiology.®® The most salient
divergence is observed in the context of SSA, wherein a
comprehensive spectrum of communicable, maternal, neo-
natal, and nutritional ailments persists as primary contribu-
tors to mortality. This is congruent with the prevailing
circumstance that the SSA region is confronted with the
onerous task of tackling a dual burden of communicable
and non-communicable diseases.”®”"

When looking at the causes of disease burden in Europe
at first glance, we see a more similar result to the causes of
mortality, with CVDs (23.87%) and cancer (16.27%) again
at the top by a great margin. However, the respective per-
centages of are much lower for disease burden than for mor-
tality. We also see some other diseases which have a large
share in cause of disease burden as opposed to the cause of
mortality, including musculoskeletal disorders (7.59%),
mental disorders (5.74%), and neurological diseases
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(5.66%). This is consistent with recent estimations that have
confirmed that non-fatal diseases including low back pain,
headaches, and depressive disorders are among the top
causes of DALYs.”> When looking at the kind of disease,
we see that in Europe, nine of the top 10 causes of
disease burden are NCDs. The difference in causes of
disease burden between SSA and Europe is even bigger
than the causes of mortality, with the top five causes of
disease burden being completely different between the
two regions. In SSA, the top five still consist of communic-
able, maternal, neonatal, and nutritional diseases while in
Europe, the top five are all NCDs.

In 2020, none of the individual countries in SSA had
reached the SDG target child mortality of 25 per 1000.>
We see that health worker density is extremely low in
SSA. The difference with Europe is enormous. Most
notably, European countries have more than six times the
number of nurses/midwifes and even more than 12 times
the number of medical doctors available for the same

number of people. This is coherent with literature indicating
the major global imbalances between the demand for and
supply of health personnel, resulting in inequitable alloca-
tion and provisioning of health workers.”® The significant
difference in health worker density between SSA (UHC
index =44.56) and Europe (UHC index =79.22) contri-
butes significantly to the low health coverage observed in
SSA, emphasizing the urgent need for additional invest-
ment and resources to address the disparity. It is estimated
that by 2030, there will be a shortage of approximately 10
million healthcare workers worldwide, with the greatest
impact felt in low- and middle-income countries, exacerbat-
ing the situation further.”* More than half of global popula-
tion growth between now and 2050 is expected to occur in
the continent of Africa.”®> The population of Europe is pro-
jected to decrease further in the years to come. We see that
the population pyramid of SSA has a very broad base and
rather a narrow center and top. This shows that the popula-
tion of SSA is very young. This of course is the result of the
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still very high birth rate. We see that the population pyramid
of Europe has a narrow base and broad center and top to
finally get narrower only at the higher ages. This shows
that the population of Europe is very old. This of course
is the result of the still very low birth rate.

All countries of SSA have a fertility rate which is higher
than the replacement fertility rate of 2,1 and are thus
increasing in population.'® The opposite is true for
Europe. When comparing fertility with child mortality,
we see that indeed countries with lower child mortality
tend to have fewer children per women. The demographic
age structures of SSA and Europe also bring some perspec-
tive to the current differences in health issues. In SSA, child
mortality is still a very big issue, while in Europe, a lot of
the health issues can be related to ageing.

As the majority of the population in Africa still lives in
rural areas and there are issues with Internet network avail-
ability and smartphone cost, the future of telemedicine
across the continent may depend on how far we the contin-
ent has advanced.”®”” Yet collecting those who are obedi-
ent and receptive to telemedicine would undoubtedly ease
the burden on patients and doctors. Also, it would encour-
age the physical distance required for COVID-19 pandemic
containment and lessen congestion at the medical institu-
tions. Rather than relying on traditional infrastructure and
a traditional healthcare system, African populations need

real problem-solving technologies that are affordable,
accessible, and readily available.”® Due to population
changes, youth predominate in SSA. Although SSA has a
slower rate of Internet use by individuals (Internet is access-
ible to 29% of the population) in comparison to Europe
(Internet is accessible to 87% of the population), the
region is growing and demonstrating a strong desire to
embrace rapid technological change, taking advantage of
its  versatility, and closing the world’s digital
divide.””%*#! As a result, both general literacy and digital
literacy are rising.®> Also, there is a rising need for
mHealth solutions. The digitalization of the mHealth
system is also being considered by the health ministries.

Various mHealth systems have been successfully inte-
grated into the healthcare system in Europe. It has been
stated that healthcare services in many specialties are being
given using a telemedicine platform, particularly during the
pandemic. Moreover, sophisticated mHealth-based technol-
ogy solutions are being used, including cardiac implanted
electronic implants. This is not the situation with SSA. The
healthcare system has only modest integration and imple-
mentation of mHealth systems. To reduce the digital gap,
experiences and lessons from the industrialized world, such
as Europe, should be drawn.

Most articles on mHealth systems in SSA do not report
on the acceptability and viability of such systems among
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users, largely due to the minimal initiatives and implemen-
tation of mHealth systems in the region. Furthermore, the
insufficiency of matured systems that are ready for accept-
ability and user feedback evaluation can be attributed to the
inadequate mHealth platform available.

A similar scenario can be observed in both Europe and
SSA with respect to research on mHealth and childhood
and adolescent obesity, indicating a lack of focus on this
area. While both regions have made promising strides in
incorporating telemedicine platforms, the extent of imple-
mentation and coverage of specialties is not comparable.
For instance, while telemedicine is widely used among
genetic professionals in Europe, this issue has not been
addressed in SSA.

Although there are reports of successful incorporation of
telemedicine services for diabetics and glucose-sensing
mHealth technologies that have resulted in improved
glucose control in Europe, the opposite is observed in
SSA, where coverage of conventional healthcare services
for diabetics lags behind the needs of people living with dia-
betes, leading to poor glycemic control.

The pandemic has presented significant challenges to the
conventional provision of healthcare systems in both
regions. While Europe swiftly incorporated the use of
mHealth systems for healthcare service delivery to facilitate
access for patients, SSA was not as quick to adapt to the

changes brought on by the pandemic and faced greater dif-
ficulty in managing healthcare services during this time.
This is evident from the reported cases.

Recommendations for future research, development,
and implementation of mHealth

Prioritize mHealth approaches targeting towards child survival
and communicable disease fight as well as NCDs. This work
showed that child survival is one of key goals for healthcare
at this moment in SSA. Currently, a few research reported
mHealth approaches targeting towards pregnancy, birth,
and childcare, and none of the other mHealth approaches
were specifically targeting towards pneumonia, diarrheal
diseases, or malaria in SSA.

Identify and address gaps in current mHealth research and
development. Numerous studies found gaps in or sparse or
fragmented research on mHealth approaches in SSA for a
number of aspects of healthcare such as maternal health,
pneumonia, antenatal care, malaria, neurology, hyperten-
sion, and obesity 3¥38414748:4543 1 Byrope, findings also
reported gaps or limited and fragmented research on
several mHealth approaches such as COPDs, obesity,
maternal and child health, vaccination programs, and
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genetics. 342626364 Research should be carried out to
address these and other existing gaps.

Anticipate future stages in demographic transition and adapt
mHealth research and development accordingly. While both
SSA and Europe have to deal with current challenges in
health and healthcare, demography is constantly evolving,
bringing new challenges to the table. Therefore, it is
crucial to be aware of what changes are projected in the
near future. As SSA moves on through the third stage by
improving healthcare and reducing child mortality, among
others, family planning and birth control will become
very important. mHealth can definitely help a lot in these
areas, e.g., by informing future parents on family planning
and birth control. Also, the population will grow older, and
health issues regarding ageing, like CVD and cancer, will
be more prevalent. A lot of mHealth approaches towards
CVD and cancer are already available, mainly in more
developed regions of the world, so lessons should be
learned from them. As Europe moves on through stage 5,
a further ageing of the population is predicted. This will
increase the occurrence of already widely present
age-related issues, like CVD and cancer. Elderly care will

become increasingly important. Therefore, further research
and development mHealth systems for home-monitoring of
elderly and chronic disease self-management should be
promoted.

Conclusion

SSA is situated between the transitional stages of stage 2
and stage 3 within the demographic transition model.
Meanwhile, Europe is positioned between the transitional
stages of stage 4 and stage 5 within the demographic tran-
sition model. SSA bears the burden of both communicable
and non-communicable diseases, leading to a high death
rate despite its young population. Moreover, there is a
high fertility rate in the region, exacerbating the burden
on the already scarce healthcare workforce. The low health-
care worker density, coupled with the poor health coverage
observed in the UHC data, further limits access to quality
healthcare services for the population. However, there is
some hope, as Internet and mobile subscription rates are
gradually improving, and initiatives to implement mobile
health systems are being observed. While the implementa-
tion depth of such initiatives is not yet significant,
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mHealth could potentially improve the provision of health-
care services in the region, given the shortage of healthcare
workers and inadequate healthcare service provision. NCDs
represent the leading causes of mortality and morbidity in
Europe. The continent’s aging population has resulted in
an increased reliance on digital devices and technology
for healthcare services, particularly for the management
and treatment of chronic illnesses. Europe’s fertility and
mortality rates are low, and its health worker density is sat-
isfactory, albeit suboptimal. In contrast to SSA, Europe
boasts superior health coverage. Advanced mobile health
(mHealth) solutions designed to manage chronic diseases
and other medical specializations have been implemented
widely in Europe. In response to the pandemic, numerous
telemedicine systems have been established and continue
to be utilized in the post-pandemic era. Given the existing
scarcity of healthcare workers and the prevalence of
disease burden in SSA countries, implementing mHealth
platforms, such as telemedicine, to provide healthcare ser-
vices, including remote consultations in underserved
areas, may be beneficial. It is important to prioritize
mHealth approaches targeting child survival, communic-
able diseases, and NCDs. Additionally, identifying and
addressing current gaps in mHealth systems are crucial. A
context-based design procedure should be followed to
increase the uptake of such systems. Anticipating future
stages in the demographic transition model and adopting
mHealth technology research and development accordingly
can further ensure that mHealth systems are effective and
accessible tools for improving health outcomes in both
regions.

Limitations of the study

One of the study’s limitations is that it relied only on sec-
ondary data from published studies and databases including
the WHO, Our World in Data, and the United Nations. As a
result, the quality and availability of the data sources restrict
the conclusions given in this study. Moreover, because this
was a narrative literature review, the results may have been
influenced by publication bias, as only studies that were
published and accessible for review were included. While
efforts were taken to alleviate these limitations by using a
diverse set of sources and rigorously analyzing the litera-
ture, the study’s findings should be viewed with caution.
To further investigate the topics discussed in this paper,
future studies may benefit from employing a broader
range of data sources, including primary data collecting.
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