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Abstract: The COVID-19 pandemic has led to increased adoption of digital technologies in healthcare.
According to most researchers, this contributed to increasing the resilience of medical institutions, healthcare
systems and communities to the pandemic challenges. The dynamic development of HealthTech continues in
the post-pandemic period. The article purpose is to summarise the current directions of HealthTech
development, analyse main patterns of the global and Ukrainian digital health market development and study
possibilities of HealthTech use to increase the resilience of communities and healthcare systems to natural
and man-made emergencies. The article systematises the types of HealthTech by components, types of
technology and stages of application. It was determined that all basic digital technologies such as the Internet
of Things, artificial intelligence, BigData, AR/VR, 3D modelling and others are used in modern healthcare
systems. Specific areas of applying digital technologies in healthcare are telemedicine, wearable devices
recording health data, specialised mobile software, etc. The analysis of the global digital health market
development allowed us to identify the largest volumes and growth dynamics of the digital health market in
the European and North American regions. By type of technology, the largest share of investment is directed
to mHealth and telemedicine. By components, the digital health market development is almost equal. The
article defines the forecast volume of the global and European digital health market for 2024. It examines
development of the Ukrainian Electronic Healthcare System, which registers electronic medical records of
created and performed medical referrals, examinations, procedures, diagnostic reports, treatment plans,
medical conditions, electronic prescriptions, vaccination records, medical conclusions on temporary
disability and birth. Dynamics decrease in electronic medical records from March 2022 due to full-scale war
invasion was revealed. Digital health technologies contribute to raising efficiency and effectiveness of
healthcare systems by reducing costs; increasing availability of medical services, flexibility and adaptability
of these systems. Achieving these benefits should be accompanied by ensuring the protection of patients’
personal data and clearly regulating levels of access to this data, as well as minimizing digital gaps and
maximizing the coverage of the population with HealthTech services.
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Introduction. The COVID-19 pandemic has significantly changed the face of modern medical systems.
Efforts to adapt to the pandemic challenges and rebuild healthcare systems in accordance with new social
needs and living conditions have led to rapid changes in healthcare branch itself. One of the key transformation
directions has become deeper healthcare digitalization. In particular, that concerns dynamic development of
telemedicine, wearable devices and diagnostic tools, electronic systems of medical prescriptions, etc. In this
case, completely new approaches were not created, but there was a rapid implementation of existing
developments, which often became the only option for obtaining medical advice or diagnosis during the
pandemic. As researchers note, in 10 months, the pandemic did what would have taken 10 years to evolve.

Having significantly accelerated during the pandemic, digital technologies found a positive response from
patients, doctors and medical institutions. In the post-pandemic period, the growing dynamics of the digital
health market continues with investments in HealthTech. However, despite the advantages of digital
healthcare, the rapid adaptation of technological solutions also had certain disadvantages, such as insufficient
regulation and protection of patient data (The Economist Intelligence Unit, 2022). In this regard, relevance of
these issues has risen in the post-pandemic period. Therefore, analysis of the HealthTech impact on
communities should be comprehensive and take into account not only the created benefits, but also the
potential risks.

Therefore, the article purpose is to systematise modern directions of HealthTech development, analyse
main patterns of the global and Ukrainian digital health market, research possibilities of the HealthTech use
to increase resilience of communities and healthcare systems.

Literature review. The issues of society digitalization and digital technology use are quite popular in
current research. Chandra et al. (2022) explored major digital technologies such as 3D printing, artificial
intelligence, autonomous robots, biosensors, telemedicine services, the Internet of Things, virtual reality,
holography, etc. for their potential applications. The authors identified healthcare as one of the main areas
(along with online education and Work from Home (WFH) environment) with the most promising and
effective applications.

Issues of resilience in relation to the digital technology use arose long before the COVID-19 challenges.
In a 2016 publication on the results of a large-scale technology program for providing digital services to the
public to promote health and well-being in the UK, Devlin et al. (2016) noted that resilience, adaptability and
flexibility are key facilitators of transition to digital health models.

Academic interest in studying HealthTech has increased significantly during the COVID-19 pandemic.
Some of these studies include examining the HealthTech advantages and disadvantages, their role in ensuring
the sustainability of healthcare supply chains, the resilience of medical institutions and the positive
HealthTech effects on communities. In particular, Nouhi et al. (2022) analysed current and future long-term
consequences of the COVID-19 pandemic on healthcare systems. Based on this analysis, use of digital health
platforms was identified as one of the possible options for increasing healthcare resilience in future.

El-Sherif et al. (2022) focused on the study of two major digital technologies in healthcare: telemedicine
and artificial intelligence. The authors agreed with the WHO conclusions that artificial intelligence was an
important component to overcome the COVID-19 crisis. However, they also draw attention to the concerns
that arise in connection with artificial intelligence use, such as privacy, transparency and security.

Tilahun et al. (2021) after analysing use of basic digital technologies, such as telehealth, mobile health,
Internet of Things, artificial intelligence, big data, etc. during the COVID-19 pandemic, developed proposals
for more effective use of digital tools in healthcare.

Sindhu (2022) determined that digital technologies in the post-COVID period can contribute to safer and
more efficient delivery of healthcare services while their adaptation requires an appropriate ecosystem.
According to the author, adoption of digital medical services is influenced by the patients’ trust, which in turn
depends on the quality and availability of services. The main factors that form a favourable ecosystem for the
healthcare digitalization are resilience of the hospital staff, medical service capacity, technological and
regulatory support.

Beaulieu and Bentahar (2021) focused on the healthcare supply performance. Having determined that
supply chains in healthcare are not as productive as in other industries, the authors proposed to overcome the
existing shortcomings using digital technologies. Furstenau et al. (2022) also considered the feasibility of
using digital technologies to increase the resilience of healthcare supply chains. Among the main digital
technologies that can be used to achieve these goals, the researchers identified big data analytics, predictive
health data analysis and remote monitoring of inventories.

Mbunge et al. (2021) treated various types of digital technologies such as artificial intelligence, drones,
nanotechnology, sensors, blockchain robotics, Internet of Things, cloud computing, etc. as a basis for
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Healthcare 5.0. At the same time, the authors noted that resilience of digital healthcare systems depends on
effectiveness of overcoming organisational, technological and infrastructural barriers.

Paton et al. (2022) conducted a review of open source digital health projects and proved that they provide
greater access, equity and resilience to healthcare in high- and low-income settings.

Rubbio et al. (2020) investigated the concept of resilience in healthcare systems from an operation
management perspective and evaluated the role of digital technologies in promoting and enhancing resilience
capabilities.

Tortorella et al. (2021) investigated resilience of hospitals in terms of four abilities of resilient systems: to
monitor, to anticipate, to respond, to learn. The authors justified that digital technologies can contribute to all
four of these abilities through remote consultations and real-time care planning; digital non-invasive care;
interconnected emergency medical care; digital platforms for sharing patient data and information.

Many researchers considered the healthcare digitalization in relation to climate change and the
environmental component. On the one hand, climate change creates new risks for public health and must be
taken into account in the development of smart cities policy. In this aspect, digital technologies can contribute
to sustainability and resilience of communities, including healthcare (Lapao et al., 2023). On the other hand,
introduction of a digital healthcare model allows reducing the environment burden, thus positively influencing
the ecological component (Lokmic-Tomkins et al., 2023a).

Methodology and research methods. In the study, methods of logical generalization, analysis and
synthesis were used to systematise the HealthTech types as well as to establish the digital health impact on
resilience of communities during the COVID-19 pandemic and in the post-pandemic period. Trend analysis
methods were used to forecast the size of the global and European digital health market using linear and
exponential trends. In addition, the article uses methods of comparative and statistical analysis to study the
structure and dynamics of HealthTech development in the world and to analyse performance indicators of the
Ukrainian Electronic Healthcare System. The study statistical base was formed on the basis of open official
data of the National Health Service of Ukraine as well as data from the Global Market Insight reports on the
digital health market development. The main study hypothesis is that use of modern digital technologies in
healthcare can increase resilience of medical institutions, communities and the healthcare system in general
to various emergency situations.

Results. Today, HealthTech is a rather extensive and diverse direction. Firstly, that is explained by the
diversity of modern digital technologies and their high development level. Secondly, it comprises the
healthcare system complexity. Thirdly, it deals with different possibilities and application ways of digital
technologies.

Technologically, all basic digital technologies find their use in healthcare. Such technologies include
artificial intelligence, the Internet of Things, blockchain, 3D printing, BigData analytics, etc. We consider
these technologies to be basic because they are used in many spheres of activity. On their basis, specific
technological solutions inherent in certain types of activity are formed. For example, Internet of Things
technology forms the basis for use of wearable healthcare trackers and monitors. 3D printing is used for
realistic reproduction of bones and whole organs. It helps in training interns and doctors, performing complex
surgical operations and engaging trial treatment. Augmented Reality (AR) & Virtual Reality (VR) are also
effectively used in training doctors and treating diseases.

The entire set of technologies used in healthcare can be organised into groups depending on components,
technology types and application stages (Figure 1). By components, HealthTech is divided into hardware
(physical products), software (centralised storage of patient information) and services (healthcare services
provided by digital technologies).

Healthcare use of basic technologies has manifested itself in the formation of technological solutions and
technological developments: wearable devices, remote monitoring of patients, telemedicine, electronic health
records and e-prescribing systems.

In addition, the entire set of technologies can be divided by the stage of HealthTech implementation:
technologies mediating supply chains, technologies used for patient diagnosis, treatment or follow-up.
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Figure 1. The HealthTech typology

Sources: developed by the author based on (Global Market Insights, 2023; Lokmic-Tomkins et al., 2023b;
Tortorella et al., 2022).

The modern HealthTech market is growing annually, investments in various components of HealthTech
are increasing. According to Global Market Insights (2023), leaders of this market by region are countries of
the European and North American regions. As of 2022, the global HealthTech market for each was USD 233.6
billion. 45% (104.9 billion dollars) of that is the volume of the North American HealthTech market; nearly
35% (80.5 hillion dollars) are indicators of the European market (Figure 2).
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Figure 2. The dynamics and regional development of Digital Health Market, USD Million
Sources: developed by the author based on (Global Market Insights, 2023).

By type of technology, mHealth and telemedicine are currently the most invested. Each of these
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components accounted for about a third of the market in 2022. By components, the distribution of investments
in HealthTech is approximately equal (Figure 3).

By technology By component
- Services Hardware
Digital Health Telehealthcare o 33%
Systems 31% 33%
24%
Health
Analytics
mHealth
11% 34% Software
34%

Figure 3. The structure of digital health market
Sources: developed by the author based on (Global Market Insights, 2023).

It should be noted that available sources of data on the digital health development provide slightly different
estimates of the size of global and regional markets. This is due to complexity of the market structure and
different methodology of taking into account various components and types of technologies. At the same time,
all studies agree that the digital health market will continue to grow in future. According to various forecasts,
the global HealthTech market will reach 600-1000 billion dollars in 2030.

Currently, the digital health market is growing annually in a linear trend. Given that the usage of fitness
and health mobile applications is increasing, as well as the popularity of mHealth, the HealthTech market can
be expected to grow exponentially in the coming periods. Based on the construction of forecasts using two
types of trends (linear and exponential), it is found that in 2024 the global HealthTech market will reach the
size of 284 billion dollars with linear growth and almost 400 billion dollars with exponential growth
(Figure 4). Given the limitation of actual periods to seven years, forecasts for a longer period are not
statistically reliable.

g 500
= 400 y =50175¢%22%6
= R2=0,9951
0 300
<2 4——_.—'—’-_.
= 200
y=29092x + 22563
100 R?=0,9963
0
2016 2017 2018 2019 2020 2021 2022 2023 2024
w1 inear forecast Exponential forecast
=@ Global digital health market --------- Linear (Linear forecast)

Expon. (Exponential forecast)

Figure 4. Global digital health market forecast size
Sources: developed by the author.

A similar study of the forecast size of the digital health market based on trend analysis was carried out for
one of the largest regional markets, namely Europe. The forecast results showed that by 2024, the European
digital health market can be expected to reach 100-140 billion dollars, according to linear and exponential
trends, respectively (Figure 5).
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Figure 5. European digital health market forecast size
Sources: developed by the author.

The obtained results of the forecast size of the global and European digital health markets are statistically
valid. The R-squared value above 99% for all forecasts shows that the obtained equations quite accurately
describe the existing trend towards the change in the size of the digital health market.

One of the key areas of the HealthTech development is Digital Health Systems. They provide collection,
storage, processing of medical records; creation of electronic prescriptions and medical referrals; management
of other medical information in electronic form. An example of a Digital Health System is the Electronic
Healthcare System (EHCS) in Ukraine. This system is based on a hybrid model. This means the union of two
components, functioning of which is provided by the state and businesses, respectively. In this system, the
state owns a central database in which all key information is stored. In addition, the state establishes the EHCS
rules and standards, which guarantees the safety of the system. The second component is a collection of
medical information systems from various commercial organizations that provide services to users. At the
moment, more than 30 medical information systems with different functionality are connected to the central
database, among them: Helsi, iClinic, Health 24, Tabletki, nHealth and others.

This architecture of the electronic healthcare system provides, on the one hand, sufficient reliability and
stability, and on the other hand, a competitive choice of electronic services for users and system flexibility.
Saving data in a single central database creates advantages for patients (the possibility of changing doctors or
medical institutions without losing access to medical history), wide management opportunities for medical
institutions and state regulatory bodies, as well as opportunities for scientific research based on depersonalised
data on all provided medical services.

The Electronic Healthcare System of Ukraine contains electronic medical records regarding created and
completed medical referrals, examinations, procedures, diagnostic reports, treatment plans, medical
conditions, created electronic prescriptions, vaccination records, medical reports on temporary incapacity and
birth.

The first records in the EHCS appeared in 2019 and during the 1st and 2nd quarters of 2019. They related
exclusively to the creation of electronic prescriptions. In subsequent periods, electronic records became more
diverse, and the total number of electronic medical records began to grow extremely dynamically. As of the
end of the 1st quarter of 2023, the central database contains more than 1.7 billion medical records (Figure 6).
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Figure 6. The dynamics of electronic medical records in Ukraine
Sources: developed by the author based on (The National Health Service of Ukraine, 2023).

One of the most numerous groups of medical records is created and executed medical referrals (Figure 7).
During the 2020-2023 period, there was an increase in both quantitative and qualitative indicators of electronic
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medical referrals. At the end of the 1st quarter of 2023, the number of created medical referrals reached almost
280 million units, and the share of performed referrals for the 2020-2023 period rose from 31% up to 70%.
This indicates the system improvement, reduction of errors and wrongly created referrals.
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Figure 7. Indicators of electronic medical referrals in Ukraine
Sources: developed by the author based on (The National Health Service of Ukraine, 2023).

From June 2021, the system of electronic medical reports on temporary disability began to function
(Figure 8). At the moment, these documents are created exclusively in electronic form. However, from
Figure 8, we can see a significant reduction in the total number of such documents issued from March 2022,
which is associated with full-scale military operations, evacuation of people abroad, decrease in the total

number of economically active population in Ukraine and increase in population share with remote
employment.
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Figure 8. Electronic medical reports on temporary incapacity in Ukraine
Sources: developed by the author based on (The National Health Service of Ukraine, 2023).

In the post-pandemic period, along with the growing dynamics of the digital health market, much greater
attention is paid to state supervision and regulation of this market segment. The issues of preserving data
confidentiality, providing remote access to health data, and ensuring proper data protection are particularly
relevant. In EU countries, data protection issues are regulated by the EU General Data Protection Regulation.
This regulation was adopted as a basis by the World Health Organization (The Economist Intelligence Unit,
2022).

In healthcare, as in other types of activities where digital technologies are used, cyber protection is relevant.
Resistance to cyber threats depends not only on the technological and security parameters of electronic
healthcare systems, but also on the awareness of system users regarding security rules in cyberspace.

Another problematic issue of HealthTech implementation is the mass coverage of patients, the involvement
of vulnerable groups, in particular the elderly, overcoming the digital divide. If a person does not have a
smartphone or is not sufficiently aware of digital literacy, he will not be able to use the services of electronic
appointment with a doctor, receiving electronic prescriptions or other benefits and opportunities of
HealthTech. Thus, like all digital services, HealthTech is directly related to issues of digital literacy and the
digital divide.

Summarising the conducted research results, we state that HealthTech has positive economic, social and
environmental consequences for communities. HealthTech helps to reduce costs, accelerate and increase the
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efficiency of interaction between patients and doctors. During pandemic or other emergency situations, the
availability of electronic health records makes it possible to seek medical care remotely or at another location
and receive medical care based on the medical history, treatment plan and other medical data about the patient
entered into the electronic medical system.

Conclusions. The COVID-19 pandemic caused a significant acceleration in implementing the healthcare
digital technologies. Today, the HealthTech industry is represented by a wide variety of technological
solutions, including hardware, software components and services, which are used in diagnosing, treating and
supporting patients as well as ensuring resilience of supply chains. During the pandemic, digital health
technologies were a way to adapt and increase the resilience of healthcare systems to new challenges, support
diagnosing and treating patients via telemedicine. In the post-pandemic period, the digital health market
continues to grow and develop. HealthTech is able to provide higher efficiency and effectiveness of healthcare
systems due to lower costs, increased availability of medical services, increased flexibility and adaptability of
systems. However, the achievement of these benefits is not possible without an appropriate ecosystem for the
digital medicine development and resolutions of protecting personal data of patients and increasing the
coverage of the population with HealthTech services.
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Tomam Iyano, radenpa ymnpaBiaiHHS BUPOOHHLTBOM, (aKyJlbTeT MAIIMHOOYIYBaHHS Ta MeEXaTpPOHIKH,
3axiHOIOMOPCHKUIA TexHONOT UM yHIBepcuTeT y [llenuni

HealthTech y 3a6e3neuenni criiikocti rpoman y nocrnanaemMiunmii nepiox

Manmemis COVID-19 mpussena 10 MOCHICHOTO BIPOBaKCHHS II(PPOBHUX TEXHOIIOTIH ¥ chepy OXOPOHH 3I0POB S
3a mepexkoHaHHAM OiNBIIOCTI HOCHITHUKIB, € CHPHUSIIO IMiABUIICHHIO CTIHKOCTI MEIUYHHUX YCTAHOB, CHCTEM OXOpPOHH
3I0POB’sl Ta TPOMaJ 10 BUKJIWKIB, CIPUYMHCHHUX MaHaeMiecro. uHamiuauii po3sutok HealthTech mpomosxyeTses iy
MOCTHAaHIEMIUHUI TIepiosl. MeToro CTaTTi € y3araibHeHHs Cy9acHUX HanpsMKiB po3Butky HealthTech, anamni3 ocHOBHIX
3aKOHOMIPHOCTEH PO3BUTKY PHUHKY IIH(POBOTO 310p0OB’si B YKpAiHi Ta CBITi, JOCTIIHPKCHHS MOKIIMNBOCTEH BUKOPHCTAHHS
HealthTech anst migBUIIEHHS CTIHKOCTI TpoMaj 1 CHCTEMH OXOPOHH 3[0pPOB’S O NPUPOJHHX Ta TEXHOTCHHUX
HA/JI3BUYAMHUX CUTyallid. Y cTarTi mpoBeaeHo cucremarusaiito TumiB HealthTech 3a kxoMmoneHTamu, BuaaMu
TEXHOJIOTIT Ta eTanaMd BIPOB3/DKCHHs. BU3HA4YeHO, 110 B Cy4acHHX CHCTEMax OXOPOHHM 37I0pOB’S 3HAXOAATh
3aCTOCYBaHHs yci 0a30B1 1IM(POBI TEXHOJIOTII: IHTEPHET peuel, ITyuHHH inTenekT, BigData, AR/VR, 3D-MmonentoBanHs
Ta iHwi. CrenudivHAMHE HaIpsIMKaMH 3acTOCYBaHHsS IH(POBUX TEXHOJOIiH B OXOPOHI 3J0POB’S € TeleMeIHUINHA,
MPUCTPOT JIsl HOCIHHS, 1110 (DIKCYIOTh aHi Mpo 310poB’s, crieliaiizoBaHi MoOUIBHI JoaaTKH Too. [IpoBeaenuii anamis
PO3BUTKY CBITOBOT'O pHHKY II(POBOI OXOPOHH 340POB’ S JO3BOJIMB BUSABUTH HAUOLIBII 0OCATH Ta AHHAMIKY 3pOCTaHHS
PHHKY IH(POBOro 310pOB’S B €BPONEHCHKOMY Ta MiBHIYHOAMEPHUKAHCHKOMY pErioHax. 3a THIIAMH TEXHOJIOTiH
HalOinbIIa YacTka iHBecTHHIH crnpsiMoByeTbesi B mHealth Ta TenemenniuHy. 3a KOMIIOHEHTaMH PO3BHTOK PHHKY
TU(PPOBOTO 3I0POB’S € PIBHOMIPHHUM. Y CTaTTi CHPOTHO30BAHO 00CST MI00aIbHOTO Ta €BPONEHCHEKOTO PUHKY IIH(POBOTO
3mopoB’st Ha 2024 pik. Po3risHyTO pO3BUTOK YKpaiHChKOI ENEKTPOHHOT CICTEMHU OXOPOHH 3[IOPOB S, y sKiH (DiKCYIOThCS
SJICKTPOHHI MEAWYHI 3alMCH IIOJ0 CTBOPEHMX Ta BHKOHAHMX MEIWYHHMX HAalpaBiieHb, 0OCTEXeHb, MpOLEayp,
JMIarHOCTUYHUX 3BITIB, IUIAHIB JIIKYBaHHS, MEIUYHUX CTaHIB, CTBOPCHUX CJICKTPOHHUX PEIENTIB;, 3alHCH IPO
BaKI[MHAIIIF0; MEIWYHI BHCHOBKH IIPO THMMYacOBY HEMNpAalle3JaTHICTh Ta NP0 HapoJKEHHs. BHSBIEHO CKOpOYEHHS
JIMHAMIKHM BHECEHHS €JICKTPOHHUX MEAMYHUX 3aIHCIB B cucTeMy 3 Oepe3nst 2022 poky y 3B’s13Ky 3 IOBHOMACIITAOHUMHU
BOEHHMMHU aisiMu B Ykpaini. Texnonorii digital health cnpustoTs ninBuieHHIO e(hEeKTHBHOCTI Ta pe3yJIbTATUBHOCTI
CHCTEM OXOPOHH 3/0POB’S 32 PaxyHOK 3HI)KEHHsI BUTPAT, MiJABHUIIEHHS JAOCTYIHOCTI MEIUYHHUX IOCIYT, 301IbIICHHS
THYYKOCTI Ta INBUAIIO] amanTHBHOCTI LMX cHCTeM. JIOCATHEHHS NMX IepeBar IOBHHHO CYHPOBOJKYBAaTHCS
3a0e3MeueHHSIM 3aXUCTY OCOOHMCTHX NTaHWX MAIIEHTIB Ta YITKOIO PETTaMEHTAII€I0 PIBHIB JOCTYIy IO IMX JaHWX, a
TaKOX MIHIMi3alli€lo IQPOBUX TEMIB Ta MAaKCUMaIhbHUM OXOIUICHHSIM HaceneHHs mociayramu HealthTech.

Karouosi cioBa: nudpose 310poB’s, mudposi Texnosorii, @inTex, oxopoHa 310poB’sl, BilaJICHUH MOHITOPHHT
Tali€HTIB, TeJIEMEUIINHA.
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