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A B S T R A C T   

The pursuit of a secure, efficient healthcare system responsive to patient needs remains a crucial goal for 
developed countries. Governments, grappling with rising healthcare demands, are increasingly turning to 
technological innovation as a transformative solution. Healthcare 4.0, integrating cutting-edge industrial tech-
nologies, aims to enhance patient experience, promote health, control costs, and boost clinical satisfaction. The 
COVID-19 pandemic has catalysed investments in digitalisation, but the promises of Healthcare 4.0 are still 
seemingly unrealized. This is especially true in the Central-Eastern European (CEE) region, particularly in 
Hungary, where substantial Industry 4.0 innovation potential intersects with shrinking financial resources, a 
challenging political environment, a transitioning healthcare system hindering the widescale transition to 
Healthcare 4.0. Thus, this paper aims to explore the macro-environmental factors influencing Healthcare 4.0 
adoption in Hungary. Leveraging qualitative content analysis of interviews with 21 Hungarian healthcare 
technology startup founders, we aim to map the catalysts and barriers of a Healthcare 4.0 transition using a 
PESTLE framework. This explorative study contributes to the literature with valuable insights from the in-
novators’ perspective, serving as a foundation for future policy interventions in the quest for widespread 
Healthcare 4.0 implementation.   

1. Introduction 

A safe, effective healthcare system which is also responsive to pa-
tients is considered as one of the most important goals of governments in 
developed countries [1]. A possible path towards this goal and part of 
the solution for governments faced with increasing demand for health-
care services is the transformation of healthcare by integrating techno-
logical innovation [2]. Healthcare 4.0 strives to improve patient 
experience, promote health, control costs, and enhance clinical satis-
faction through the integration of state-of-the-art industrial technologies 
[3]. This integration of Healthcare 4.0 technologies is expected to result 
in superior patient care [4] and the early identification and treatment of 
diverse diseases [5]. In the targeted future, medicine will not focus on 
curing the sick, but on preventing diseases. At the same time, technology 
advancement can support decreasing the already burdensomely high 
levels of healthcare costs [6]. 

Although the promised benefits of Healthcare 4.0 innovations are 

significant [7], and healthcare is one of the leading industries in terms of 
growth of spending and social utility, it is also one of the latest adaptors 
in terms of digital innovations [8]. Merely seven percent of healthcare 
and pharmaceutical enterprises have gone digital, while this rate 
reached 15 % in other in other industries [9]. During the COVID-19 
pandemic the healthcare industry has witnessed a trend with notable 
emphasis on prioritizing convenience and access to care [10,11], thus 
catalysing investments in digitalisation as well, but the promises of 
Healthcare 4.0 is still seem to be unrealized. This motivates our research 
agenda on exploring the key macro-environmental catalysts and barriers 
of a wide-scale Healthcare 4.0 transformation in a comprehensive 
manner. 

This proposition is especially relevant in Central-Eastern European 
(CEE) countries where – like in Hungary – the significant Industry 4.0 
[12] and Healthtech [13] innovation potential is coupled with a 
controversial political environment, a transitioning health care system 
[14] and economic barriers and scarcity of financial resources [15] of 
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wide-scale Healthcare 4.0 transition. Concerning the DESI index (Digital 
Economy and Society Index) Hungary ranked 22nd among 27 EU 
countries in 2022, with indicators significantly underperforming the 
average of the European peers [16]. One of the bottlenecks of progress 
seems to be the digital skills of the population, which also hinders the 
digitalisation of private and public sector [17]. At the same time con-
cerning eHealth indicators, Hungary’s performance is above-average, 
ranking 11th among the EU27 member states, providing widescale ac-
cess to electronic health records to citizens [18]. This seems to be an 
environment where Healthcare 4.0 innovators count on a supporting 
infrastructure and at the same time deal with many macro-level barriers. 
Thus, this explorative study aims to map the catalysts and barriers of 
Healthcare 4.0 in the CEE region focusing on Hungary, based on quali-
tative content analysis of interviews with 21 Hungarian innovators, 
founders of healthcare technology startups. We believe that analysing 
the macro-economic environment from the innovators’ perspective is 
especially useful to enrich the related literature and serve as a basis for 
future policy actions. 

After the introduction of key concepts regarding the Healthcare 4.0 
phenomenon our paper focuses on the chosen PESTLE framework and its 
past applications in healthcare and Healthcare 4.0 context, providing a 
summary of the literature on previously identified macro-environmental 
factors. Section 4 introduces the research questions and the methodo-
logical considerations, which is followed by the results of the analysis 
and a discussion. As part of the conclusions the novel elements of the 
research are highlighted as well as the policy implications and 
limitations. 

2. Healthcare 4.0 in the literature 

Industry 4.0 is an interconnected phenomenon characterized by 
digitalisation of networks, products and services, and new market 
models as well [19], a general phenomenon in the intersection of 
technology and society [20]. Healthcare 4.0 is a relatively new phe-
nomenon which integrates Industry 4.0 technologies into healthcare. 
The generation of tremendous amount of data offers new perspectives 
when applied in healthcare delivery [21]. Inspired by the Industry 4.0 
paradigm, Healthcare 4.0 “describes the digital frontiers and disruptive 
innovation in the health care sector that is driving new business models 
and value networks” [22], aiming for higher service level and efficiency 
gains for the health care sector. These innovations also lay the 
groundwork for a transition from traditional hospital centric care to 
decentralised care [23]. This includes the healthcare implementations of 
innovative digitalisation, artificial intelligence, Internet of Things, ma-
chine learning, big data mining technologies [5] as well as the combi-
nation of cloud-based solutions with industrial internet of things [29]. 

Healthcare 4.0 – similarly to Industry 4.0 – is described by techno-
logical paradigms. Aceto et al. [24] described the interrelation of 
healthcare technologies by a multi-level interaction of ICT pillars, ICT 
paradigms and ICT-based healthcare paradigms building on each-other: 
ICT pillars are the technological building blocks of new solutions and 
together with the novel ICT paradigms converge into emerging new 
ICT-based healthcare paradigms. See Table 1 for a quick overview of the 
main ICT-based healthcare paradigms and a sampling of the relevant 
Healthcare 4.0 literature. 

There are many studies on the driving forces and barriers of Industry 
4.0 [e.g. 3]. However, it is not clear how the transformation in a more 
complex sector like healthcare will take place. Most studies introduce a 
single utilization of a new technology in healthcare (see examples in 
Table 1) and only few papers (e.g. 5) shed light on a complex form and 
process of this transformation. The unfolding nature of Healthcare 4.0 is 
considered to be responsible for the scarcity of analysis of its possibilities 
and boundaries on healthcare delivery [41]. Most studies measure im-
provements in healthcare service delivery without analysing specific 
illnesses and their effect on health outcomes opening a gap of knowledge 
regarding to what extent these innovations meet patients’ current needs 

and long-term expectations [42]. Studies on healthcare 4.0 suggest that 
a successful transformation requires a better understanding of stake-
holders’ attitudes.  

• ICT platform communication helps building permanent connections 
between doctors and patients [43]. The role of communication in 
health service level is twofold: raising awareness of new products 
and services and also establishing positive perceptions [44]. This is 
especially important in providing drug related information [45] and 
treatment effects [46,47].  

• New technologies like artificial intelligence are considered new 
sources of increased efficiency in healthcare delivery. On the one 
hand, this will enable the reallocation of scarce professionals to ur-
gent cases and increase competences, but on the other hand it will 
boost confidence by empathy and compassion [48]. Better judge-
ment of the emotional state of patients – which is important for 
certain age or illness groups – will build both trust for further 
Healthcare 4.0 innovations and improve patient experience.  

• The use of low-cost wearable IoT devices, and sensors in healthcare 
are stretching the framework of traditional healthcare. The ability of 
constant monitoring and detecting of normal and abnormal health 
state of patients will only improve healthcare delivery if it is auto-
mated [49].  

• Implementation of Healthcare 4.0 offers competitive advantage to 
healthcare organisations, but it also stresses the need for training 
professionals, motivating patients and ensuring confidentiality. 
Classified use of electronic medical records builds trust in patients 
and the proper use of innovative technologies can prevent health 
related risks [50].  

• Introduction of new diagnosis or therapy requires the consideration 
of ethical and cultural aspects as well [51]. Negative attitude in 
target groups may prevent the successful implementation of new 
technologies.  

• There is still scarce information on how efficiently Healthcare 4.0 
technologies can be successfully implemented in developed and 
developing countries [52]. 

Healthcare sector in CEE countries has different characteristics than 
Western European countries. Even though the per capita GDP growth 

Table 1 
Related concepts and Healthcare 4.0 literature in the structure of Aceto et al. 
(2018).  

ICT-based healthcare 
paradigms 

E-health - combined use of electronic communication 
devices in the health sector [25] 
Mobile health - direct access to services by using latest 
telecommunication technology infrastructure [26] 
Personalized healthcare - patient-specific treatment [27] 
Smart health - smart device driven treatment [28] 
Pervasive health - domination of social impacts over 
technology in healthcare [29] 
Ubiquitous health - long term positive health effects 
without physical connection of people [30] 

ICT paradigms Internet of Things [31] 
Cloud computing [32] 
Fog computing [33] 
Edge computing [34] 
Mobile cloud [35] 
M2M [36] 
Blockchain [37] 

ICT technology pillars Robotics [30] 
Big data [38] 
3D printing [39] 
Augmented/Virtual reality [45] 
Artificial intelligence [44] 
Additive manufactoring [40] 
Smart production [29] 
RFID [5] 
Smart/Wearable devices, sensors and networks [44]  
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was higher in CEE region than in Western European countries, growth of 
public spending in the healthcare sector has lagged behind [52]. Life 
expectancy is 3–6 years lower and hospital-centric care has remained 
dominant. Laaksonen [2001] argues that health gap can be explained 
partly by social factors and health-related behavioural attitudes. Also, 
patients in Western European developed countries have more access to 
innovative therapies and face lower mortality rates than in CEE coun-
tries [53]. Recently, the COVID-19 pandemic forced CEE governments to 
increase public healthcare spending resulting in the intense use of 
innovative solutions. The pandemic increased digitalisation of services, 
but preventive care is still less emphasized in the region [54]. Public 
healthcare systems require further investment to meet aging population 
requirements and keep pace with therapeutic innovations. 

In Hungary specifically, the spread of digital technologies in 
healthcare has not started to increase until the COVID-19 pandemic 
[55], digital healthcare literacy developed only in recent years. On the 
other hand, Hungary has been a pioneer in using health technology 
assessment in Central and Eastern Europe [56]. It is also famous for 
academic life science publications and a lively startup ecosystem [57]. 
This makes Hungary an ideal starting point for an explorative study of 
catalysts and barriers of Healthcare 4.0 innovations in the CEE region. 

3. PESTLE analysis in healthcare 

3.1. PESTLE analysis as a research tool 

PESTLE analysis is used to get a clear understanding of external 
factors an organisation, a collaborative business partnership or an entire 
industry faces [58]. It is a general tool to assess political, economic, 
social, technological, legal and environmental factors of an organisa-
tion’s macro-environment [59]. The political environment includes 
government policies, changes in institutions, while the economic envi-
ronment refers to income, labour market and tax issues. Socio-cultural 
environments transmit norms, values, behaviour forms and attitudes. 
The technological environment relates to technical infrastructure and 
trends, the legal environment corresponds to laws and regulation, and 
finally, the environmental factors encompass everything that is influ-
enced by the surrounding (natural) environment [60]. 

PESTLE analysis has been used in health care research before, first 
mostly in the context of strategic planning [61] or quality management 
[62,63] of health care organisations, later even focusing on risk man-
agement under COVID-19 [64] (See further examples in Table 2.). 
Lately, Walsh et al. [65] and Patel & Sinha [66] presented PESTLE 

analysis on the effects of technology on healthcare and changes in 
organisation management systems and inter-institutional collabora-
tions. Based on the relatively wide scale research use of PESTLE in 
healthcare, and even on the field of healthcare technologies, we can 
conclude, that it is a suitable framework to explore influential factors of 
the macro-environment of Healthcare 4.0 innovations. 

3.2. Existing research on the PESTLE factors of healthcare 4.0 

In a recent comprehensive study Schlecht et al. [73], arguing that the 
effect of disruptive technologies on business value creation needs to be 
clarified, uses the PEST framework to identify the potentials of block-
chain in the healthcare sector. The study sheds light on general envi-
ronmental barriers, like scaling concerns due to the lack of standards, 
enormous transaction volumes, data protection concerns and related 
legal compliance costs. Implementation and scaling will require a long 
time in order to gain trust and acceptance from users while unfamiliar 
functions, methods will result in adoption obstacles. 

Other studies focus more on one or two elements of the PESTEL 
environment only (see summary in Table 3). Political benefits of 
establishing a Healthcare 4.0 system will emerge from prevention of 
contagions and an increased citizen satisfaction with modern services 
[74,75]. Healthcare systems are suffering in most developed countries 
from challenges of an ageing society, increasing the need for new so-
lutions. Inuwa et al. [76] calls for a new economic policy, legal and 
financial framework in order to host revolutionary technologies in the 
healthcare sector. They argue that awareness is required from both 
governments and the corporate sector to develop new skills of em-
ployees and change traditional attitudes to work flow. 

Considering the economic aspects of Healthcare 4.0, digitalisation 

Table 2 
Evolution of PESTLE in healthcare.  

Author 
(s) 

Context Focus 

[67] Improving healthcare 
services 

Improving patient outcomes suffering 
from atrial fibrillation 

[68] Access to health services Improving productivity of healthcare 
services 

[69] Epidemic control Context analysis for epidemic control 
[70] Healthcare public-private 

partnership 
Assessing risks of healthcare investments 

[56] Strategic planning in 
healthcare 

Allocation of resources, organisational 
values, budgeting 

[60] E-learning in healthcare Using e-learning to gain new knowledge 
and skills in healthcare 

[71] Mental health strategy Mental health strategy planning in rural 
and urban areas 

[59] Risk management under 
COVID-19 

External factors determining the 
transmission of COVID-19 

[61] Digitalisation of healthcare 
system 

Effect of new technologies on efficiency 
and efficacy 

[72] Cooperation among 
healthcare institutions 

Development of policies, analysing 
bureaucracies relating to cooperatives 

[58] Managing medical services Quality management of medical services  

Table 3 
Summary of potentials and barriers in Healthcare 4.0 in literature.  

Dimensions Catalysts Barriers 

Political - prevention of contagions, 
increasing service level, better 
allocation of resources [29,69] 
- building modern healthcare 
capacities [70] 

- legislation does not 
accommodate new 
technologies [71] 

Economic - digitised value chain offering 
higher service level [74] 
- inclusion of new business 
models in healthcare [76] 

- lack of standards and 
customised solutions [68] 

Social - societal benefits from new 
forms of collaborations [76] 
- COVID-19 increased the 
awareness of digital benefits 
[75] 

- paradigm change requires 
social responsibility [75] 

Technological - improved healthcare 
processes and improved access 
to expert assistance [88] 
- training and education is 
required to boost acceptance 
[89] 

- lack of comprehensive 
assessment of ICT’s impact on 
health and healthcare is [73] 
- health sector is vulnerable to 
technological development by 
digitalisation and 
transformation in service 
provision [90] 
- some negative experiences 
with early-stage technologies 
[78] 

Legal - easing effect on product 
lifecycle regulatory compliance 
[81] 

- costs of legal compliance and 
IT security [68,80] 
- lack of uniform standards for 
information exchange [91] 

Environmental - veterinary healthcare targets 
met [75] 
- decreased pollution by green 
home healthcare supply chains 
[82] 
- environmental health tracking 
activities and collaborations 
[92] 

- environment related big data 
raises complexity of healthcare 
systems [93]  
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and the spread of innovative technology solutions in healthcare trans-
forms the entire value chain in the sector [77], although there is a need 
for comprehensive evaluation of ICT’s impact on the sector [78]. The 
transformation is fuelled by the need to adapt to the new global envi-
ronment and increased complexity of regulation. This will affect busi-
nesses in the health care sector, resulting in a shift from traditional to 
digitalised value chains [79]. Digital value chains will offer services in 
higher volume at potentially lower prices by more intensive involve-
ment of patients. Early and efficient targeting of emergency cases will 
also decrease costs. Economic benefits of the transition to Healthcare 4.0 
are strongly related to scaling of new medical services. 

Social factors also play a critical role in the transformation of 
healthcare. The COVID-19 pandemic heightened public awareness 
regarding the need for innovation and digitisation of healthcare [80]. 
Paradigm changes were initiated by social responsibility, while there are 
already promising signs of new social collaboration forms [81]. Sched-
uling problems in the healthcare sector may be dissolved by new 
schemes bridging information gaps. 

As seen during the COVID-19 pandemic [75] digital technologies 
can be used to provide information on the health status of millions of 
people. Disruptive technologies relieved medical professionals and 
offered a new form of collaboration via monitoring of patients [82]. The 
more widescale use of these technologies is hindered by the fact that 
both the development and operation of these systems are expensive for 
providers and patients alike. Also, one of the key technological condi-
tions of digitalisation in healthcare is the secure and legalised exchange 
of electronic health information – especially via the cloud, fog or on edge 
devices. In recent years cyber-attacks have been growing as fast high-
lighting the importance of this issue. Considering technological poten-
tials and barriers of Healthcare 4.0, Lopes et al. [83] also analysed the 
adoption barriers of augmented reality application. They conclude that 
applications in the early technological stage create negative experience 
and attitudes in potential user groups. This calls for a need to raise social 
and professional acceptance of new technologies. For example, beside a 
reliable tracking of surgical operations, registration of new solutions and 
technologies is also critical for a widescale adoption of new solution by 
surgeons. 

Legal environment is generally considered a key barrier of widescale 
Healthcare 4.0 implementations. As stakeholders of the industry share 
data and information in order to design and manufacture new products 
and services [84], companies must audit and secure their internal in-
formation management system and decide on contractual terms of data 
exchange with third parties. Negotiations on IP and data issues will 
affect the organisation’s new role in the value chain as well [79]. 
Related compliance costs and standardisation of information exchange 
will substantially prolong transformation [68,85], although Industry 4.0 
technologies might have an easing effect on product lifecycle regulatory 
compliance [86]. 

Finally, there are some promising studies on the environmental 
context of Healthcare 4.0. The elevation of human healthcare to a new 
level will pave the way for veterinary healthcare as well. Using green 
supply chains in the newly developed digital context can substantially 
contribute to environment pollution goals as well [87]. On the other 
hand, the addition of big data based environmental information in 
healthcare systems will increase complexity - and potentially cost - of 
the systems as well. 

4. Methodology 

Our overarching aim is to identify the macro-level factors promoting 
or hindering the implementation of industry 4.0 technologies in 
healthcare, looking at the PESTLE environmental factors from the in-
novators perspective. After systematically analysing the PESTLE factors 
identified by the international literature, the geographical focus of our 
empirical research has been chosen. Central Europe has been under-
represented in Healthcare 4.0 research, and Hungary’s complex and 

unexplored environment, with a weak general DESI index but above- 
average eHealth indicators [16–18], and a century-long history of 
healthcare technology innovation, presented itself as an ideal research 
arena [94]. Thus, in pursuing our research aim we intended to answer 
the following research questions. 

RQ1: How do innovators perceive the influence of PESTLE (political, 
economic, social, technological, environmental and legal) factors on 
the implementation of Healthcare 4.0 innovations in Hungary? 
RQ2: Which of the PESTLE factors act as barriers (with a negative 
effect) or catalysts (with a positive effect) of the implementation of 
Healthcare 4.0 innovations in Hungary? 

The inherently exploratory character of our investigation has led us 
to adopt a qualitative research methodology, aligning with Gummes-
son’s assertion [95]. [170–171] that the evolving landscape of the dig-
ital domain has prompted a shift towards more intricate research 
methodologies, thereby underscoring the preference for qualitative 
modes of inquiry. 

4.1. Sampling and data collection 

As our investigative focus revolved around the landscape of digital 
healthcare innovations analysed from the perspective of innovators, 
consequently, our data collection strategy centred on entrepreneurs in 
the healthcare technology sector. The selection of startups that had 
successfully secured funding served as an objective criterion to sift out 
nonviable entrepreneurial ventures and mitigate data bias, as suggested 
by Ref. [96]. Given the absence of a comprehensive database cata-
loguing Hungary-based digital healthcare startups, our initial roster of 
companies was compiled through an exhaustive examination of publicly 
available venture capital portfolio information of the last five years 
(2019–2023). The analysed investment portfolios included Hungarian 
technology incubators, public and private venture capital funds and 
professional investors. Subsequently, we filtered our company list 
choosing suitable candidates who focus on Healthcare 4.0 technologies 
in their business models. This resulted in a shortlist of 26 innovative 
Healthcare 4.0 startups. Of the initial 26 companies approached, 21 
consented to participate anonymously in our research. Key character-
istics of our sample, including the products/services offered and the 
underlying technologies applied, are summarized in Table 4. 

Data was collected via structured interviews conducted between 
November 2022 and March 2023. Ethical considerations were para-
mount: interviewees were apprised of the research objectives and pri-
vacy policy, and they gave their written consent. The interviews, 
conducted via the Microsoft Teams platform, were recorded with 
explicit consent. The interviews adhered to a standardised format, 
designed to encompass two core themes: (1) discussion of the company’s 
unique business model and the embedded Healthcare 4.0 element and 
(2) eliciting the respondent’s insights concerning broader industry de-
velopments and national macro-environment. All 21 interviewees held 
positions as founders and/or CEOs of the respective companies, with 
high-level comprehensive knowledge about industry-wide trends. Our 
interview protocol incorporated some questions necessitating re-
spondents to select responses from predefined lists or assess statements 
on a 1–7 Likert scale (not intended for quantitative analysis but pri-
marily to stimulate further discourse or validate other inquiries), but 
predominantly, the interviews were dedicated to explorative open- 
ended questions, with responses transcribed in their entirety. 

4.2. Methodology for content analysis 

To unravel the nuances embedded within the data, we applied the 
content analysis methodology, a systematic approach for exploring 
textual data to discern salient information [97]. Qualitative content 
analysis allows researchers to gain insights into participants’ 
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experiences and perspectives and, consequently, identify and compre-
hend themes, patterns, and underlying connotations present in textual 
data. Stemler [98] delineates three principal approaches to content 
analysis of textual data: empirically driven automated content analysis, 
theoretically driven content analysis, and an intermediary approach 
referred to as emergent coding. We adopted a primarily inductive, 
emergent coding approach to identify the environmental catalysts and 
barriers of Healthcare 4.0 implementations perceived by the innovators. 
There was no initial code structure, only the high-level framework of 
PESTLE, the specific codes related to barriers and motivating factors 
were developed during the coding process, facilitating the discovery of 
every meaningful underlying pattern [99]. Subsequently, the resulting 
codes underwent rigorous scrutiny by the research team to achieve 
consensus and were meticulously defined in the coding protocol. 

Our procedure started with the importation and organisation of all 
interview transcripts into an NVivo project [100]. A preliminary coding 
round was conducted to refine the coding protocol [101], followed by 
the concurrent coding of all materials by two researchers to ensure 
inter-rater reliability [102]. The short and intense coding period (two 
weeks) contributed to better intra-rater reliability. For the assessment of 
inter-rater reliability, we employed Cohen’s kappa coefficient, weighted 
by the text-lengths (see Appendix 1), revealing a minimum of moderate 
agreement (>0.41) for all codes and, in most instances, good agreement 
(>0.61) [103]. 

5. Results 

In order to build a bridge between the theoretical framework of 
Healthcare 4.0 PESTLE and the emergent coding content analysis of the 
interview responses from the healthcare innovators we summarized our 
results in Table 5. The table displays the various macro-environmental 
aspects that impact Healthcare 4.0 advancements, as identified by our 
exploratory research (refer to columns 3 and 5), in comparison to pre-
vious studies in the field. We distinguished between ’catalysts’, which 
have a beneficial impact, and ’barriers’, which impede the deployment 
of Healthcare 4.0. 

Table 5 already shows where our analysis confirms earlier results, 
where it extends it and where our data leads to different conclusions 
than other studies. Table 6 illustrates this in a more condensed manner. 
We conducted a comparative analysis of the frequency with which a 
particular aspect of the Healthcare 4.0 environment has been charac-
terized as either a catalyst or a barrier in both the literature and by our 
content analysis, or conversely, our how often our results do not confirm 
or outright contradict, challenge earlier results. 

Table 6 shows that while our results are more in line with the existing 
literature in terms of macro-level barriers, Hungarian experts see cata-
lysts very differently. It is evident that the macro-environment lacks 
significant political and environmental catalysts, while the social, 
technological, and legal aspects are perceived as more burdensome than 
stimulating. On the other hand, 30–50 % of the barriers identified by 
other researchers internationally are be present in Hungary as well, 
moreover it appears that social and legal barriers are even more 
pervasive and influential in this particular context. Our high-level re-
sults offer insights into the reasons behind the underutilization of the 
potentials of Healthcare 4.0 [see 51] in the region, but in the next sec-
tion we provide a detailed qualitative analysis of each macro- 
environmental dimension. 

6. Discussion 

In order to reveal more in depth qualitative implications from in-
terviews we analysed interviewee’s responses in details, following the 
logic and dimensions of PESTLE and supporting the analysis with direct 
quotes from the data collection. 

Ta
bl

e 
4 

Sa
m

pl
e 

co
m

po
si

tio
n,

 te
ch

no
lo

gi
ca

l p
ro

fil
e 

of
 th

e 
se

le
ct

ed
 e

nt
re

pr
en

eu
rs

’ s
ta

rt
up

s.
  

In
no

va
to

r 
ID

 
Cy

be
r-

Ph
ys

ic
al

 
Sy

st
em

 (
CP

S)
 

In
te

rn
et

 o
f 

Th
in

gs
 (

Io
T)

 
Cl

ou
d 

Co
m

pu
tin

g 
A

rt
ifi

ci
al

 
In

te
lli

ge
nc

e 
(A

I)
 

Bl
oc

kc
ha

in
 

Te
ch

no
lo

gy
 

A
dd

iti
ve

 
M

an
uf

ac
tu

ri
ng

 
Sm

ar
t 

M
an

uf
ac

tu
ri

ng
 

Vi
rt

ua
l a

nd
 

A
ug

m
en

te
d 

Re
al

ity
 

Cy
be

r 
Se

cu
ri

ty
 

Si
m

ul
at

io
n 

an
d 

M
od

el
lin

g 
Bi

g 
da

ta
 

RF
ID

 
Ed

ge
 

Co
m

pu
tin

g 

I1
   

X 
X 

  
X 

 
X 

X 
X 

 
X 

I2
   

X 
X 

   
   

   
I3

 
X 

X 
X 

X 
X 

X 
X 

 
X 

X 
X 

  
I4

  
X 

X 
X 

 
X 

  
X 

 
X 

 
X 

I5
  

X 
X 

X 
X 

   
X 

 
X 

 
X 

I6
   

X 
X 

   
 

X 
X 

X 
  

I7
   

X 
   

   
 

X 
  

I8
  

X 
X 

   
   

   
X 

I9
  

X 
X 

 
X 

   
X 

 
X 

  
I1

0 
   

X 
   

 
X 

X 
   

I1
1 

   
X 

   
   

X 
X 

 
I1

2 
 

X 
X 

   
   

 
X 

  
I1

3 
 

X 
X 

X 
   

  
X 

X 
 

X 
I1

4 
 

X 
X 

X 
X 

   
 

X 
X 

 
X 

I1
5 

 
X 

X 
  

X 
   

X 
X 

  
I1

6 
 

X 
X 

X 
X 

X 
X 

X 
 

X 
X 

  
I1

7 
 

X 
X 

X 
  

X 
   

X 
  

I1
8 

 
X 

X 
X 

   
  

X 
X 

  
I1

9 
 

X 
X 

X 
 

X 
 

X 
X 

X 
X 

 
X 

I2
0 

X 
X 

X 
X 

 
X 

X 
X 

 
X 

X 
  

I2
1 

 
X 

X 
X 

X 
  

X 
X 

X 
X 

   

P. Halmosi and M. Aranyossy                                                                                                                                                                                                               



Technology in Society 78 (2024) 102620

6

Table 5 
Summary of results in the PESTEL framework: a comparison of macro- 
environmental factors influencing Healthcare 4.0 developments identified by 
this research and earlier studies Data in the Respondents columns refers to the 
respondent’s Innovator ID (as shown in Table 4) who mentioned that particular 
factor.  

Dimensions Catalysts (+) Barriers (− ) 

Earlier 
studies 

Respondents 
of this study 

Earlier 
studies 

Respondents of 
this study 

Political 
Political will to 

increase service 
levels 

[29,69] I1; I5; I14; 
I17; I20   

Political will to build 
modern healthcare 
capacities 

[70]    

Political will to prevent 
epidemies, 
contagions 

[29,69]    

Political interests 
working against 
innovations    

I10; I12; I21 

Allocation of resources 
will increase 

[29,69]   I9 

Political impact on 
legislation does not 
favour new 
technologies   

[71] I5 

Efficiency of service 
delivery is lagging 
behind   

[104] I9 

Economic 
Technology innovation 

is very expensive    
I1; I7; I8; I10; 
I13; I18; I20; 

Efficiency of service 
delivery is lagging 
behind other sectors   

[107] I9 

Lack of financing  I9  I9; I2; I10; I20 
Health care financing 

structures  
I7; I9; I21  I18 

Lack of competition as 
a motivator    

I14 

Entrepreneurial 
attitude  

I11; I13   

New business models 
will be developed in 
healthcare 

[76] I17   

Increasing (and 
solvent) demand    

I10; I11; I21 

Cost cut and profit- 
increasing 
opportunities – for 
example:  

I1; I5; I14; 
I18; I21 

[73] I12 

- Working processes 
and access to expert 
assistance will be 
improved 

[83] I5; I7; I10; 
I12; I19; I20; 
I21   

- Training and 
education with new 
technologies will 
increase services 
level and awareness 

[84, 
101] 

I1   

- Image and data 
visualisation 
improves efficiency 
of surgical 
intervention 

[101] I1; I17; I18   

- Evidence based 
treatment will be 
enabled by patients’ 
genetical and social 
big data 

[105] I6; I17; I19   

- Complex symptoms 
will be considered in 
diagnosis by using 

[77] I11    

Table 5 (continued ) 

Dimensions Catalysts (+) Barriers (− ) 

Earlier 
studies 

Respondents 
of this study 

Earlier 
studies 

Respondents of 
this study 

independent data 
sources 

- Wearable devices will 
increase efficiency 
and reduce 
healthcare costs 

[106] I17   

- Digitised value chain 
offers higher service 
level 

[74] I7   

Social 
Collaborations will be 

more intense 
throughout the 
ecosystem 

[76]   I12 

Lack of organisational 
flexibility of large 
institutions    

I2; I3; I5; I8; 
I10; I13; I14; 
I20 

The shortage of 
healthcare workers  

I2  I3; I4; I12; I15 

Lack of 
interdisciplinary 
(technology – data 
science – medicine) 
experts  

I13; I20  I17 

Conservative attitude 
of medical 
professionals  

I15  I7; I11; I13; 
I16; I19; I20; 
I21 

Perceived viability, 
effectiveness, user 
satisfaction will help 
housing new 
technologies 

[102] I1; I14; 15; I20   

Shared social value is 
created 

[104] I1; I2; I4; I5; 
I7; I19; I21   

Digital supply chain 
requires social 
responsibility   

[75] I1; I5; I19 

Awareness is raised by 
pandemy like 
COVID-19 

[75] I14   

Physicians will develop 
new values by 
interpreting medical 
data to patients 

[76] I4; I13   

Healthcare 
practitioners are 
afraid of losing their 
jobs   

[107, 
108] 

I13 

Patients are concerned 
about confidentiality 
of personnel data 
sharing   

[109] I5; I6 

Generations’ attitudes 
to digital 
technologies show 
significant 
differences  

I3 [110] I3; I20 

Aging society  I6; I10   
Automation and 

scheduling of patient 
care will increase 
efficiency of 
prevention and 
aftercare – thus 
encouraging 
adoption by 
professionals 

[5,111] I3; 15; I21   

Building trust in 
patients supports 
validating products 

[103] I3; I4; I10; 
I19; I21  

I3; I13 

Technological 

(continued on next page) 
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6.1. Political catalysts and barriers 

The role of government is inevitably decisive in the transformation of 
the healthcare sector. Political interest on the one hand is in favour of 
introducing new technologies and services to gain appreciation from 
voters, however, fiscal possibilities and complications from technolog-
ical transmission cause uncertainties and keep on eroding political will. 
Respondents formed concerns regarding the catalyst role of 
governments.  

• Resistance to embedding new technologies in healthcare: New 
technologies increase public healthcare cost while positive effects 
are hardly measurable on a national level. Efficiency requires an 
optimal allocation of public and private resources and capacities 
which will establish a confused mixture of stakeholders’ targets. “In 
public health care institutions, spread of healthcare 4.0 technologies is 
slower because acceptance of new technologies is determined by political 
will to increase service level [I14]”. Governments must take the re-
sponsibility to regulate and allow the use of patients’ health data to 
support the spread of new technologies. “Patients are only motivated to 
share data if they can see a concrete benefit but this is not feasible without 
testing new models using personal data [I5; I6]”.  

• Concerns on returns on healthcare investments: The rise of cost 
efficiency is considered an unquestionable positive effect of new 
technologies in healthcare. Currently, healthcare is full of perfor-
mance variances. The rise of efficiency and so the return on trans-
formation investments will vary in medical fields and healthcare 
institutions. “Younger physicians will bring more efficiency rise to the 
system than older colleagues [I1; I5; I14; I17; I20]”. 

6.2. Economic catalysts and barriers 

Considering the economic effect of healthcare 4.0, the ecosystem 
has huge potentials which can be the driving force of the transmission.  

• Market environment in healthcare 4.0: transformation of “old” 
healthcare systems will change the relationship between private and 
public healthcare providers. Private sector companies are the driving 
force of innovation, however, the imbalance in innovation activity 
will set back sectoral efficiency level. New solutions will disclose new 
user values which will require the transformation of prevailing 
business models. Traditional public healthcare business models do 
not support innovation. Private health insurance companies suffer 
significant business profit losses because of information asymmetry. 
They are supposed to be the biggest global winners of new technol-
ogies once they can spare on unjustified disbursements after medical 
care. “The role of private insurance companies is important to develop 
new business models since they have a business interest in it [I17]”. 

• Increase of efficiency and effectiveness by technology: The effi-
ciency loss of private and public healthcare institutions is a driving 
force to perform cost cutting and profit increasing reforms. Public 
healthcare service is dominating over private healthcare service in 
most European countries. For this reason, the public healthcare 

Table 5 (continued ) 

Dimensions Catalysts (+) Barriers (− ) 

Earlier 
studies 

Respondents 
of this study 

Earlier 
studies 

Respondents of 
this study 

Application of modern 
technologies is 
lagging behind   

[112] I14 

Health sector is 
vulnerable to 
technological 
development in form 
of external and 
internal environment 
factors   

[85]  

negative experience 
with early stage 
technologies  

I9; I18 [78] I1; I11 

The ease of use, user 
friendliness of new 
technologies  

I13; I17  I1; I16; I18 

Uniform standards for 
information 
exchange is lacking   

[86] I5; I9; I19 

Business scaling is 
lacking of standards 
and customised 
solutions   

[68] I4; I11 

Medical data of a 
society is a valuable 
asset but it is stored 
in an unstructured 
form, and access to 
database is not 
defined yet, lack of 
system integration   

[113] I1; I2; I3; I5; I6; 
I8; I14; I18 

Underdeveloped, 
outdated IT 
infrastructure at 
healthcare 
institutions    

I4; I5; I14 

Cybersecurity risks  I13  I3; I17 
Wearable devices will 

increase efficiency 
and reduce 
healthcare costs   

[110] I17 

Legal 
Digitalisation of 

regulatory data 
supports compliance 
throughout product 
lifecycle 

[81]   I2; I17 

Regulation of medical 
devices is very strict, 
expensive and delays 
market entry   

[68,80, 
106] 

I3; I4; I7; I8; 
I10; I15; I17; 
I18; I19 

Outdated regulations, 
slow legislative 
changes  

I2  I2; I7; I10; I11; 
I14 

Data security 
legislation, as a 
barrier to access and 
share healthcare data  

I5  I1; I2; I5; I10; 
I12; I13; I16; 
I17; I19 

Uniform standards for 
information 
exchange is lacking   

[86] I9 

Efficiency in healthcare 
4.0 is determined by 
the renewal of „old” 
public health service 
contracts   

[114] I18 

Environmental 
Veterinary healthcare 

targets met 
[75]    

Decreased pollution by 
green home 
healthcare supply 
chains 

[82]     

Table 5 (continued ) 

Dimensions Catalysts (+) Barriers (− ) 

Earlier 
studies 

Respondents 
of this study 

Earlier 
studies 

Respondents of 
this study 

Environmental health 
tracking activities 
and collaborations 

[87]    

Environment related 
big data raises 
complexity of 
healthcare systems   

[88]   
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sector shall be more integrated in the form of applied medical and 
information technologies. “Information technology developments in 
healthcare are partial and sometimes comprehensive [I12]”. New tech-
nological solutions can only be applied on a wide scale once physi-
cians and patients have a good understanding of them. “Training (of 
doctors) with new technologies will increase service level and also help to 
understand patients their diagnosis and treatment [I1]”. Once patients 
will understand the potential of new technologies they will be 
interested in the diagnosis of complex symptoms as well. “The reli-
ability of diagnosis and treatments will rise once they have been validated 
by comparable but independent medical sources [I11]”.  

• Establishing new financial mechanisms: Public healthcare 
financing is usually characterised by efficiency gaps. Establishing 
professional correlation between cases by valid information will 
pave the way for performance-based financing. “Technology adoption 
can be a motivating factor for healthcare institutions if they get a reward 
based on higher healthcare service performance [I21]”. It is however 
concerning that financial mechanism changes are not the corner-
stone of healthcare governments. “Healthcare reforms are motivated 
unfortunately by sad circumstances like Covid-19 [I9].” If patients’ 
genetic information are used safely in healthcare, evidence-based 
financing can be applied in order to prevent damage to health.  

• Complex integration of IT solutions: Healthcare has been digitised 
in recent years due to epidemic pressures under Covid-19. This has 
already brought efficiency gains in patient visits and allocation of 
scarce human resources. Digitisation will offer new perspectives in 
healthcare. “New technologies can perform only local positive effects. 
Digitalisation has an important role in value creation by extending and 
broadening the value chain [I7]”. Sensors and wearable transmitters 
are important in healthcare 4.0 in order to build up a society level 
database. Patients are no longer monitored after they leave the 
hospital. New technologies can help in gathering and processing 
constant data on patients’ health status. “The decrease of healthcare 
cost depends on the acceptance and integration of wearable devices. This 
has already been recognized in China [I17]”. 

6.3. Social catalysts and barriers 

The implementation of Healthcare 4.0 technologies can face several 
social barriers while motivated by other social trends – the following 
factors were highlighted by our panel of Central-Eastern European (CEE) 
innovators.  

• Cultural norms and values around health: if the value attributed 
to health by the society is relatively high, that boosts demand for 
higher quantity and quality healthcare services. [I4, I5 I21, I19, I2, 

I1] “Human health is of great value.” [I19] “Patients expect techno-
logical standards, which develops demand.” [I21]  

• Aging society: health care demand is also increased by the shift 
towards older generation in demographic composition of the soci-
eties, that increases the need for capacity building technology in-
novations. [I6, I10] “An ageing society is interested in improving health 
care” [I6] “The longer we live, the more such medical technology will be 
needed.” [I10]  

• Generational differences in technology acceptance: as the more 
tech-savvy generations become the majority of patients, it will 
automatically increase technology adoption society-wide. [I3] “And 
obviously, that [resistance to technology] will be completely eliminated a 
generation further away. They will no longer reprimand the use of such 
devices.” [I3] Younger generation might have higher acceptance rate 
among professionals as well. [I20] 

• Cultural norms and trust regarding technology: the lack of gen-
eral or healthcare-specific trust in technology is a barrier for society- 
wide technology adoption. [I3, I13, I14] “The speed of technology 
adoption is primarily influenced by the attitude towards technology.” 
[I14] “There is a kind of natural resistance on the part of people about the 
results provided by computers.” [I3] On the other hand, external 
shocks, like the COVID pandemic, can fast-track social acceptance. 
[I14] Also, information campaigns [I10, I21] and medical pro-
fessionals as trusted advisors will be important in building patient 
trust [I4]. “The value of these new tools will be defined by them [medical 
professional], they can communicate it to patients in the most reliable 
way. Acceptance and usage will depend on them.” [I4] 

• Labour shortage: healthcare workers in general are already over-
worked and overwhelmed, which causes a shortage of human ca-
pacity needed for technology implementation projects. [I4, I3, I15] 
“Obviously, no one in healthcare is famous for not working a lot beyond 
working hours, and this kind of [technology] projects take a lot of time to 
implement, which is usually not available to the people working there.” 
[I15] On the other hand, the labour shortage is also one of the key 
motivating factors of innovations aiming to supplement healthcare 
professionals or make their work more efficient thus creating new 
capacities. “What are the main factors that motivate technological in-
novations to transform the health care system? Labor shortage.” [I2] 

• Need for an interdisciplinarily skilled workforce: The imple-
mentation of Healthcare 4.0 technologies requires professionals 
skilled in technology, data analysis and medicine at the same time – 
of which there is a shortage in this region. [I17] This is also a 
problem for national or audit authorities [I17. Technology-infused 
training and/or retraining could be part of the solution [I13, I20] – 
although the second might also create frictions in the society. “As we 
robotise solutions, we have to retrain people, and this can cause social 

Table 6 
Distribution of responses in PESTLE dimensions Frequencies of identified factors in each PESTEL dimension that either match earlier findings, extend or contradict 
earlier results.  

Dimensions Catalysts (+) Barriers (− ) 

This study 
confirms earlier 
findings 

This study does not 
confirm earlier 
findings 

This study 
contradicts earlier 
findings 

Total This study 
confirms earlier 
findings 

This study does not 
confirm earlier 
findings 

This study 
contradicts earlier 
findings 

Total 

Political 25 % 50 % 25 % 100 
% 

50 % 25 % 25 % 100 
% 

Economic 67 % 8 % 25 % 100 
% 

29 % 29 % 43 % 100 
% 

Social 42 % 8 % 50 % 100 
% 

30 % 10 % 60 % 100 
% 

Technological 0 % 0 % 100 % 100 
% 

50 % 20 % 30 % 100 
% 

Legal 0 % 0 % 100 % 100 
% 

50 % 0 % 50 % 100 
% 

Environmental 0 % 100 % 0 % 100 
% 

0 % 100 % 0 % 100 
%  
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problems in the short term. … It can be, of course, bad on the individual 
level, but inevitable from the global perspective.” [I20]  

• Openness to innovations among medical professionals: there is a 
general lack of openness towards technology innovation in the re-
gion among medical professionals [I7, I13, I15, I20] “The conditions 
[for innovations] are not met in Hungary: there is a lack of openness 
(positive attitude).” [I20] Some of the barriers are: profession-wide 
conservatism [I11, I16, I19, I21], habits [I13], lack of user friendli-
ness or ease of use [I1, I13, I16, I17] or lack of perceived usefulness 
of the new technologies [I1, I14, I20]. “They don’t see how much 
added value there could be.” [I20] Doctors’ distrust and resistance 
might be decreased by solutions that do not aim to substitute, but to 
complement their work, thus do not threaten job security [I13].  

• Institutional resistance to change: medical organisations are 
famously rigid, inflexible [I5, I8, I13, I14, I16, I20], which is a 
serious barrier when new technology implementations need process 
level changes as well. “There is no openness to restructure.” [I20] “The 
problem is that they expect renewal from tools and software, but the 
renewal of organisational frameworks is a deeper thing. It should precede 
and not be triggered by the technology.” [I5] This inflexibility is partly 
caused by the strict legal regulations [I2, I10], as an external barrier 
to change. 

It is noteworthy that our interviewees do not mention some other 
social factors to healthcare technology adoption, like the effect of the 
digital divide or health literacy on user adoption, or preferences 
regarding human touch in the doctor patient relationships – these 
currently do seem to be major concerns of health-tech innovators in the 
CEE region. While the interviewees identify data privacy concerns as the 
major barriers of healthcare 4.0 developments, but they see is mostly as 
a legal issue (see in the Legal sub-chapter), and not as a society-level 
normative or ethical issue. 

6.4. Technological catalysts and barriers 

Technological potentials of healthcare 4.0 are usually highlighted. 
Recent papers have also revealed concerns regarding the successful 
transition. Our respondents seemed to be familiar with them.  

• Negative experiences with modern technology: Industry 4.0 has 
spread to all economic sectors but to a different extent. User’s ex-
pectations are high but innovations need more time to be adopted. 
“In healthcare, 5 years is a short period to achieve improvements in 
therapies [I3; I8; I18; I19]”. Users have negative feelings and attitudes 
towards immature technological solutions even if they are meant for 
validation purposes. Unlike other innovative products and services, 
healthcare products become mature after they have been tested 
publicly and user experience feedback has been fixed. “Technologies 
developed 5 years ago have become mature enough by now to be spread 
on the market [I18]”. The time requirement of healthcare product 
development makes innovations vulnerable to changes in external 
and internal environments. Changes in healthcare policy priorities 
necessitates the urgent standardisation of information exchange, 
integration of medical systems and modernising outdated healthcare 
infrastructure.  

• Wide scale adaptation enabled by user friendly operation: A new 
technology can modernise healthcare services if they provide users 
with an added value and a convenient operation. An innovation that 
can target efficiency gaps in the supply chain will change the oper-
ation of the whole system. “In surgical care, the main problem is to get a 
“good-enough” solution which offers high quality visualisation at an 
affordable price. Companies that are able to develop these solutions will 
reign in the healthcare market in the upcoming years [I1]”.  

• Increased healthcare costs by cybersecurity: Personal health data 
is our most valuable asset. They can be used for cure and business as 
well. Guaranteeing data protection helps to build trust in patients 

who are otherwise not willing to share their healthrelated problems 
with third parties. Cybersecurity is a precondition to build a new 
system which will be based on intense data sharing, which needs IT 
investments from healthcare institutions. “Cybersecurity will increase 
costs in healthcare which shall be compensated by efficiency gains [I17].” 
Cyber protection of medical devices is essential in building trust in 
patients and doctors. This will generate increased product develop-
ment cost in order to get regulatory approval. “Cybersecurity generates 
additional costs for healthcare in order to keep our data safe. We will not 
get anything more [I10]”. 

6.5. Legal catalysts and barriers 

Technological improvements are strongly related to legal issues in 
healthcare. Our experts agreed on the necessity of renewal of “old” 
regulations concerning the approval and application of medical prod-
ucts. Government bodies have also an important role in building new 
skills and expertise to host innovative healthcare solutions.  

• Acceleration of medical device regulation: Notification bodies are 
responsible for assessing risks associated with new products. Part of 
their job is however connected to skills in information technology 
and medicine. The use of a new computer software or an embedded 
algorithm is hard to assess from a regulatory view. Complex evalu-
ation of the effects of healthcare softwares not only delays market 
entry but may shorten product life cycle. Accelerating regulation 
approval by digitisation and product life cycle approval of medical 
products may help to realise potentials of technology innovations. 
“New (medical) devices in most countries receive authorization for the 
concrete solution only not for lifecycle solutions [I17]”.  

• Reform of outdated legislation: National healthcare regulation 
must be modified in order to regulate the access and share of public 
and private healthcare data. Prevention, diagnosis and therapy re-
quires the comparison of personnel health data to anonymised 
aggregate health data. The sensitive nature of patient data is a barrier 
to reforming legislation. “Interpretation of regulation is a problem. It is 
sometimes caused by the conservatism of medical professionals [I16]”. 
Regulation of financing for healthcare institutions shall also be 
changed. 

6.6. Environmental catalysts and barriers 

The last factor of PESTLE analysis covers environmental questions 
of healthcare. Medical devices and pharmaceuticals contain hazardous 
ingredients. Untaken and expired medicines are burdening our envi-
ronment. Green economic targets shall also be formulated from the 
healthcare’s perspective. Agricultural and veterinary sciences can also 
be beneficiaries of healthcare 4.0 innovations in the form of effective 
substances to plants and new therapies for animals. As soon as public 
health will reveal and analyse the environmental context of illnesses this 
factor will gain further importance in the future. 

7. Conclusions 

Some of the novelty of this paper is derived from its methodological 
approach: (1) The choice of the PESTLE framework allowed a compre-
hensive analysis of the environmental factors driving Healthcare 4.0 
transition in the region. We argue that an explorative, qualitative, 
comprehensive analysis of the macro-environment is necessary to reveal 
the interdependence of these factors. PESTLE has been used in literature 
for describing evolution of Healthcare 4.0 in general. Building a bridge 
between theoretical framework and qualitative data can reveal new 
characteristics of Healthcare 4.0: conformities and deflections between 
earlier research findings and our innovators’ responses can shed light on 
the evolving nature of Healthcare 4.0 and potential reasons behind the 
differences in the spread of innovative technologies. (2) At the same 
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time, the data collection’s focus on innovators enables us to enrich the 
literature with the perceptions of one of the most important stake-
holders: the innovative health-tech entrepreneurs’. Although there are 
many studies focusing on the patients’ perspective and adoption of 
healthcare innovations [115,116] while the literature on the innovators’ 
perspective is more sparse. Our conclusions also illustrate how under-
standing the health-tech innovators’ perceptions might be useful for 
policy makers to efficiently create a supportive environment. 

While we could confirm many earlier results concerning the key 
macro-environmental factors of the of Industry 4.0 revolution in 
healthcare, our research has identified some new and significant cata-
lysts and barriers of healthcare 4.0 transition as well. We have found 
that governments are under pressure to increase service levels in 
healthcare which will act as a catalyst for the digital transformation of 
the sector [see also 29, 69]. More recently, political concern for epi-
demies shall boost public healthcare investment in the upcoming years. 
It is not clear though how governments can focus their scarce resources 
to build modern capacities and support the spread of innovative tech-
nologies at the same time. While governments have a national (political 
and economic) interest in leveraging national healthcare innovations in 
harvesting their benefits on the domestic market, relieving the national 
healthcare system, innovators currently perceive a lack of this policy- 
level supportive attitude in Hungary. 

While economic incentives are important bottlenecks of de-
velopments internationally as well [7], economic factors seem to be 
especially influential in Hungary. The growth of public healthcare 
spending has risen during COVID-19 in CEE countries, but in Hungary 
the government healthcare spending as a percentage of GDP has fallen 
again in 2022 [50] as fiscal policy is under pressure by the international 
economic environment. At the same time, healthcare funding demand is 
rising, due to the inefficient operation of public healthcare institutions 
and adaptation of modern healthcare technologies required to meet 
aging population need. These economic conditions lead to a healthcare 
system, where implementations of technology innovations are more 
isolated instances than signs of a systemic change, healthcare financing 
mechanisms are scarcely promoting innovations, and the government 
remains in debt with a strategic plan that foreshadows a scalable and 
sustainable transformation of the health sector. Governments shall 
establish the framework for a national Healthcare 4.0 strategy, initiate 
comparative analysis on healthcare delivery progresses and share the 
financial risk with private entities. Hungarian innovators expressed their 
concern about the lack of investments in establishing viable healthcare 
innovations, even when the economic benefits of these potential inno-
vation seems to be promising. Both academic and business professionals 
believe in the need and potential to achieve process level efficiencies in 
healthcare, and that information technology can be instrumental in that. 
Technological innovations promise to provide major benefits in diag-
nosis, therapy, prediction, prevention, justifying the high investment 
needs on the long run. New technologies will enable hospitals and other 
healthcare providers to reallocate scarce human resources to more 
complex tasks [58], while big data and artificial intelligence are ex-
pected to be responsible for new healthcare ventures in prediction and 
prevention. The real effect of Healthcare 4.0 is yet to be seen on a 5–10 
year horizon in this region and to realise these benefits of the Healthcare 
4.0 revolution entrepreneurial attitude and novel business models are 
necessary. 

Regarding the social dimension of Healthcare 4.0 our experts 
considered conservatism of medical workers, misuse of personnel data 
and lack of organisational flexibility to be the most significant barriers to 
transformation. On the other hand, the COVID-19 pandemic has raised 
public awareness of the benefits of healthcare digitalisation, although 
our results have verified the need for raising awareness, developing 
communication between doctors and patients and creating positive 
consumer experience [see 53, 54, 55, 56]. As the goal is for these recent 
technological initiatives to spread and for daily use to turn into value 
creation for doctors and patients alike as highlighted by [117–119], 

developing trust and understanding intragenerational attitudes will be 
crucial for wide social acceptance [see also 120]. Early-stage prototypes 
of new technologies in the validation phase offer insight into new per-
spectives of diagnoses and therapies, but some early negative user 
experience among doctors and patients make them less attractive for 
daily application [78]. We found evidence that patients’ willingness and 
motivation to share (anonym) personal health information can be 
influenced by the existence of tangible benefit derived from the utili-
zation of the information [as highlighted by 60]. The interaction of in-
novators, patients and doctors, their individual and societal attitude 
toward new Healthcare 4.0 technologies will determine the rise of 
technology-driven efficiency in medical care. 

Disruptive technological innovations have already infiltrated the 
healthcare sector. As the COVID-19 pandemic expedited digitalisation in 
healthcare, Hungary joined the top 50 % of EU member states who 
connected electronic health records of public and private healthcare 
providers of the primary, secondary and tertiary care sector as well, 
making them accessible to citizens online [18]. However, the systhe-
matic utilization of these interconnected healthcare databases for 
innovation and commercial use is still a future prospect. In general, 
Hungary lags behind EU states considering interorganisational elec-
tronic information exchange, and also in terms of Industry 4.0 tech-
nology (e.g. AI, cloud or big data) adoption [16]. One of the factors 
behind this developmental deficiency seems to be human capital: 
enhancing the significantly under-average digital skills of citizens’ and 
the ratio of ICT specialists in the workforce [17] is going to be key for a 
blossoming digital economy and further Healthcare 4.0 developments. 
Our experts are also concerned about the outdated IT infrastructure in 
healthcare institutions and cybersecurity risks of data-driven 
technologies. 

The legal environment – influenced also by political and social fac-
tors – is the other significant barrier of healthcare 4.0 innovations in the 
region. Complex regulations of medical devices increase the costs of 
innovations. A potential future standardisation of healthcare informa-
tion exchange might not only decrease cost levels but increase efficiency 
in the form of potential new combinations of technologies [also in 68, 
86, 121]. It is important for policy makers to pave the way by breaking 
down legal barriers to market entry and regulating sensitive health data 
exchange in a way data provides privacy, data security and at the same 
time promotes the utilization of data and the interoperability of different 
health-tech solutions. 

The influence of environmental concerns and opportunities of 
healthcare technologies the Hungarian innovators in our sample did not 
highlight any significant effect. This probably means that there are so 
many other – political, legal, economic and social – barriers of Health-
care 4.0 transition in Hungary, that stakeholders do not have the 
bandwidth to start considering potential environmental effects as well. 
Also, on the catalyst side, potential economic benefits seem to be more 
persuasive in the current macro-economic climate than environmental 
ones. 

The findings of our paper are limited to the research sample, how-
ever, the sample size is also adequate concerning the explorative and 
qualitative nature of our research design and the 21 healthcare start-ups 
are highly representative the sector in Hungary. A recent study of EIT 
Health [13] – containing 29 responses from Hungary – has awarded 
“experimenter” title to Hungarian healthcare startups which is similar to 
the overall performance of healthcare startups in Romania, Poland, 
Czech Republic, Estonia and Italy. Although the study focuses on 
Hungary, it serves as an important starting point in exploring the 
characteristics of the CEE region. Further research might be needed in 
the region, and there is also a need for empirical pilot studies in order to 
better understand the spread of innovation in public healthcare system. 
Looking even one step further, the PESTLE analysis has revealed that the 
transformation of human healthcare may influence veterinary care 
establishing a modern veterinary medicine. 
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Appendix A  

Codes Kappa Kappa - weighted with text length 

Barriers Inflexibility of healthcare actors 0.668 0.618 
Funding 0.650 0.511 
Authority, official permission 0.912 0.867 
Human resources 0.707 0.615 
Information technology 0.796 0.684 
IP rights 0.997 0.996 
Lack of motivation 0.706 0.651 
Patient or user resistance 0.867 0.815 
Lack of standardization 0.853 0.785 
Regulation, legal environment 0.746 0.666 
Organizational 0.799 0.767 

Motivating factors Factors motivating innovation 0.912 0.849 
User needs 0.911 0.885 

Phases of the health care process Prediction 0.850 0.811 
Prevention 0.858 0.808 
Diagnosis 0.833 0.774 
Treatment 0.817 0.774 
Aftercare 0.807 0.713  
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[37] S.R. Souza, L.S. de, R. de J. Macêdo, V.P. de Oliveira, W. de S. Santos, L.R. 
G. Alves, S.N. de B. Lordelo, I. Winkler, Augmented reality in education for 
industry 4.0: what are the barriers to adoption? Cuadernos De Educación Y 
Desarrollo 15 (1) (2023) 481–505, https://doi.org/10.55905/cuadv15n1-025. 

[38] F. Facchini, S. Digiesi, G. Mossa, Industry 4.0 enabling technologies application in 
healthcare areas - a systematic review, in: IJCIEOM 2020 - International Joint 
Conference on Industrial Engineering and Operations Management, 2021, 
https://doi.org/10.14488/IJCIEOM2020_FULL_0012_37273. 

[39] A. Gupta, A. Singh, Healthcare 4.0: recent advancements and futuristic research 
directions, Wireless Pers. Commun. 129 (2023) 933–952, https://doi.org/ 
10.1007/s11277-022-10164-8. 

[40] M. Sony, J. Antony, O. McDermott, The impact of healthcare 4.0 on the 
healthcare service quality: a systematic literature review, Hosp. Top. 101 (4) 
(2023) 288–304, https://doi.org/10.1080/00185868.2022.2048220. 

[41] B. Wu, Patient continued use of online health care communities: web mining of 
patient-doctor communication, J. Med. Internet Res. 20 (4) (2018) e126, https:// 
doi.org/10.2196/jmir.9127. 

[42] T.S. Dagger, J.C. Sweeney, L.W. Johnson, A hierarchical model of health service 
quality: scale devel-opment and investigation of an integrated model, J. Serv. Res. 
10 (2) (2007) 123–142, https://doi.org/10.1177/1094670507309594. 
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