
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​
v​e​c​​o​m​m​​o​n​s​.​​o​r​​g​/​l​​i​c​e​​n​s​e​s​​/​b​​y​-​n​c​-​n​d​/​4​.​0​/.

Bocean and Vărzaru BMC Health Services Research          (2025) 25:343 
https://doi.org/10.1186/s12913-025-12498-y

BMC Health Services Research

*Correspondence:
Claudiu George Bocean
claudiu.bocean@edu.ucv.ro
1Department of Management, Marketing and Business Administration, 
Faculty of Economics and Business Administration, University of Craiova, 
13 AI Cuza Street, Craiova 200585, Romania
2Department of Economics, Accounting and International Business, 
Faculty of Economics and Business Administration, University of Craiova, 
13 AI Cuza Street, Craiova 200585, Romania

Abstract
Background  In the contemporary landscape characterized by digital transformation and sustainable economic 
development, understanding the dynamics of health status is critically significant. This study investigates the complex 
relationship among healthcare expenditure, digital transformation, health status, and well-being within the European 
Union (EU) framework.

Methods  Through structural equation modeling, the research examines the multidimensional interplay among these 
variables, while cluster analysis supports identifying distinct patterns within the data. The paper aims to provide a 
broad understanding of the impact of digital transformation and healthcare expenditure on health status and well-
being at the EU level.

Results  The findings unveil nuanced linkages among healthcare expenditure, digital transformation, health status, 
and well-being across distinct clusters of EU countries. While certain countries exhibit synergistic advancements 
resulting in enhanced healthcare outcomes, others confront challenges stemming from disparities in digital 
infrastructure, healthcare expenditure allocation, and health status.

Conclusions  This study underscores the imperative of fostering synergies between digital transformation and 
healthcare expenditure to enhance health status within the EU. Identifying pivotal determinants and barriers enables 
policymakers to formulate targeted strategies to mitigate disparities and foster inclusive growth to promote equitable 
healthcare access and advance overall societal well-being.
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Introduction
The digital transformation in healthcare has increasingly 
become a significant topic for researchers and industry 
professionals as technology reshapes how medical ser-
vices are delivered and managed [1]. This rise in research 
underscores the need to understand better how technol-
ogy can address current challenges and issues within the 
healthcare system and to identify the most efficient and 
effective methods for implementing digital solutions in 
medical practice [2, 3].

Digital technologies have revolutionized how health-
care professionals interact with each other and patients 
[3, 4], facilitating collaboration among various depart-
ments within medical institutions and enabling the rapid 
and secure exchange of medical information. This digital 
transformation represents a turning point in moderniz-
ing the healthcare system and improving the quality of 
medical care [5]. Furthermore, digitalization in health-
care enhances the efficiency and quality of medical ser-
vices, contributes to innovation, and fosters sustainable 
economic development in this vital sector, ultimately 
improving well-being [6].

Understanding the interconnectedness of sustain-
ability and digital transformation offers a comprehen-
sive perspective on how organizations can integrate 
these dimensions to promote more sustainable and 
responsible development [7]. Using digital technolo-
gies to monitor and evaluate environmental impact or 
to enhance operational efficiency can be a central aspect 
of a sustainable strategy [8, 9]. At the same time, adopt-
ing a sustainable approach encourages organizations to 
develop digital solutions that promote sustainable social 
and environmental values [3]. The European Union (EU) 
now grapples with discrepancies in digital infrastructure 
capabilities, economic inequalities between countries 
and regions, and uneven access to healthcare services 
among its member states. Current theoretical research 
has not fully addressed these challenges, particularly in 
understanding how digital transformation and healthcare 
expenditures influence health status and well-being.

This paper investigates the complex relationship 
between digital transformation, healthcare expenditures, 
and health status within the EU. The research employs 
structural equation modeling to examine the multidi-
mensional interactions between these variables and uses 
cluster analysis to identify distinct patterns within the 
data set. The study’s main objective is to provide a broad 
understanding of how digital transformation and health-
care expenditures impact health status and well-being at 
the EU level.

This paper brings novelty and originality by investigat-
ing the complex relationship between digital transforma-
tion, healthcare expenditures, and health status within 
the EU, a relationship that has not been fully explored in 

previous research. Through structural equation model-
ing, the empirical study provides a data-driven and holis-
tic approach to unravel the multidimensional interactions 
between these variables. Furthermore, cluster analysis 
is employed to identify distinct patterns and group-
ings among EU member countries, revealing potential 
disparities and variations in healthcare outcomes. The 
paper examines the impact of digital transformation and 
healthcare expenditures on health status and well-being 
at the EU level, providing valuable insights for policy-
makers and stakeholders. Another original contribution 
is exploring the synergistic progress of some EU member 
states in leveraging digital transformation and health-
care investments while also highlighting the challenges 
others face due to disparities in infrastructure, eco-
nomic growth, and accessibility to healthcare services. 
Ultimately, the paper offers a broad understanding of 
the interaction between healthcare expenditure, digital 
transformation, health status, and well-being, taking part 
in developing more effective and sustainable healthcare 
strategies within the EU.

Digitalization in the healthcare sector can yield sig-
nificant benefits, such as improving access to healthcare 
services, improving diagnostic and treatment efficiency, 
and reducing costs. However, concerns also exist regard-
ing the confidentiality of medical data, information secu-
rity, and disparities in technology access among different 
communities [10]. Therefore, a careful analysis of the 
influences of a country’s level of digital transformation 
and budgetary expenditures on health status and well-
being is essential to maximize benefits for all users while 
ensuring protection and equity.

Literature review and hypotheses development
Digital transformation in healthcare
Digital transformation is essential for organizations to 
remain competitive and relevant. It drives efficiency, 
innovation, customer satisfaction, scalability, security, 
and sustainability, which are critical in today’s dynamic 
economic and social landscape. Adopting digital tech-
nologies enhances current processes and paves the way 
for novel opportunities in innovation and growth [11]. 
Focusing on organizational culture, employee compe-
tencies, and technological infrastructure is decisive in 
achieving an effective and sustainable digital transforma-
tion [12]. Successful change management and a clear dig-
ital transformation strategy are fundamental for a smooth 
transition [13]. Organizations that embrace a proactive 
and adaptable mindset can fully exploit their potential 
and secure competitive advantages in the market.

Digital transformation in healthcare impacts the train-
ing and education of healthcare professionals [14–18]. 
Integrating digital technologies into medical education 
enables students and healthcare professionals to acquire 
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the necessary skills and knowledge more interactively 
and efficiently [10, 19, 20]. Computer simulations and 
virtual reality provide practical learning and training 
opportunities within a safe and controlled environment 
[20, 21]. Telemedicine and video consultations improve 
communication with patients, including those in remote 
or underserved areas. Thus, incorporating digital tech-
nologies into medical education fosters a more compe-
tent and well-prepared workforce capable of meeting the 
complex demands of the healthcare sector [22].

Investing in e-health solutions can support disease 
management, reduce the workload of healthcare staff, 
and enhance overall care efficiency and quality [23, 24]. 
Moreover, beyond its benefits in disease management 
and workload reduction for healthcare staff, investing in 
e-health solutions also plays a crucial role in optimizing 
access to Emergency Rooms. As Numico et al. [25] high-
lighted, e-health technologies can facilitate appropriate 
patient triage and referrals, ensuring that ERs are used 
efficiently. This approach improves hospital resource 
allocation and enhances the timeliness and effectiveness 
of treatments provided in emergency settings. By reduc-
ing unnecessary ER visits and streamlining patient flow, 
digital health solutions contribute significantly to health-
care services’ overall efficiency and quality. Digital health 
also presents new opportunities for patient engage-
ment. Patients can become more informed and involved 
in healthcare decisions by accessing relevant medical 
information and using digital tools like health apps [21]. 
Integrating digital technologies into healthcare deliv-
ery improves the quality of medical care and increases 
patient satisfaction and autonomy in managing their 
health [26–28].

However, implementing new technologies in health-
care can face significant challenges, including employee 
resistance, high costs, and inadequate infrastructure [13]. 
Introducing new technologies necessitates fundamental 
changes in existing processes and practices, which can be 
problematic in the complex and rigid environment of the 
healthcare system [28]. Nonetheless, with proper plan-
ning and management, these technologies can bring sub-
stantial benefits, such as improved care quality, enhanced 
operational efficiency, and cost reduction. Future invest-
ments and efforts in healthcare digitization are expected 
to increase, focusing on innovation and adopting techno-
logical solutions better to address healthcare needs and 
challenges [29, 30].

The paper proposes the first research hypothesis con-
cerning digital transformation in the healthcare sector:

Hypothesis H1. The level of digital transformation 
positively influences health status within EU 
countries.

The importance of healthcare expenditures for population 
well-being and economic development
Public health is an essential field for the well-being and 
prosperity of a society. Ensuring access to quality health-
care services for all citizens, regardless of their social 
or economic status, is crucial for promoting health and 
preventing diseases. Health investments can significantly 
impact workforce productivity, reducing workplace 
absenteeism and healthcare costs [31]. A healthy popu-
lation is more productive, has fewer workplace absences, 
and is less likely to suffer from chronic diseases or be 
affected by epidemics, contributing to economic stability 
and long-term economic growth [32, 33]. Governments 
can promote sustainable community development and 
well-being by investing in medical infrastructure, health 
education, and disease prevention programs. Investments 
in improving access to healthcare services and promoting 
a healthy lifestyle can have significant economic benefits 
[34]. Reduced healthcare spending can free up financial 
resources for other sectors, thus contributing to overall 
economic development [35].

Healthcare public expenditures improve the quality 
of medical services and enhance the population’s health 
status [36]. Underfunding medical infrastructure and 
human resources can lead to inadequate medical ser-
vices and poorer health outcomes for the population. 
Adequate long-term investments in medical infrastruc-
ture and training personnel are essential to ensure a sus-
tainable healthcare sector. Well-managed public policy 
to enhance access to healthcare services can significantly 
improve quality of life and reduce health inequalities 
[37]. Furthermore, a robust healthcare system can better 
respond to public health emergencies, such as pandem-
ics or natural disasters, minimizing their impact on the 
population and the economy.

Investing in preventive care and health education pro-
grams can also reduce the burden on healthcare systems 
by promoting healthy behaviors and early detection of 
diseases. Preventive measures (vaccination campaigns, 
cancer screening, and promoting physical activity and 
healthy diets) can significantly reduce chronic diseases’ 
incidence and associated costs.

From this perspective, the paper proposes the second 
research hypothesis regarding healthcare expenditures:

Hypothesis H2. The level of healthcare expenditures 
significantly influences health status within EU 
countries.

This hypothesis highlights the importance of adequate 
healthcare funding in improving the overall health of a 
population by analyzing data from EU countries.
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Sustainability of healthcare systems undergoing digital 
transformation
Facing financial pressures and challenges related to 
accessibility and quality of healthcare services, health-
care providers must adapt their practices and use digital 
technologies to offer efficient and sustainable care. These 
practices may include adopting sustainable business 
practices to reduce operational costs and minimize envi-
ronmental impact [38]. Mixing digital transformation 
and sustainability in healthcare can bring multiple bene-
fits, including increased operational efficiency, improved 
service quality, and expanded access to medical care [3, 
39–42]. Integrating these two aspects can create more 
resilient, efficient, and sustainable healthcare systems 
that better respond to patient needs and ensure access to 
quality services for all [9].

The sustainability of healthcare systems undergoing 
digital transformation is essential to ensure continuous 
access to quality healthcare services and streamline the 
management of medical resources [43]. Digital technolo-
gies can contribute to managing chronic diseases and 
preventing unplanned hospitalizations, facilitating tele-
medicine and remote monitoring. Paying attention to 
their long-term sustainability is essential to keep these 
systems running and continually improving [44]. Adopt-
ing digital technologies such as telemedicine, electronic 
health records, and data analytics can make healthcare 
systems more agile, precise, and efficient [45]. These sys-
tems’ environmental impact and financial efficiency must 
be evaluated to ensure their long-term viability and bring 
tangible benefits [46].

Digital transformation in the healthcare sector can 
contribute to achieving multiple SDGs [47]. Implement-
ing digital healthcare systems can improve health status 
and access to healthcare services, including in marginal-
ized or isolated communities, thus achieving SDG 3 [48, 
49] and promoting a just and healthier world for all.

The paper proposes the third research hypothesis con-
cerning the influence of health on sustainability and gen-
eral well-being:

Hypothesis H3. The level of health status within EU 
countries positively influences progress towards 
achieving Sustainable Development Goal 3 (SDG 3).

Figure  1 illustrates the theoretical model proposed 
to highlight the impact of digital transformation and 
healthcare expenditure on health status and general 
well-being.

Efforts by the EU to promote digital health policies 
have significant benefits for member states. EU can 
contribute to reducing disparities in access to technol-
ogy and digital health services, coordinating and facili-
tating the exchange of best practices and resources 
among countries [50]. European institutions can accel-
erate the adoption of digital technologies and increase 
the effectiveness and quality of healthcare services 
across the European Union, setting standards and 
directions for digital technology implementation while 
providing funding and support for digital transforma-
tion projects [51].

Data on healthcare spending in different EU countries 
highlight significant differences in approaches to health-
care financing and access [31]. These differences can sig-
nificantly impact the quality of medical care and health 
status. Governments and international organizations 
must continue monitoring and addressing these dispari-
ties to ensure equitable access to healthcare services and 
improve health outcomes globally.

The similarities and differences between EU states 
regarding healthcare expenditure, digital transformation, 
health status, and well-being have led us to formulate the 
fourth research hypothesis:

Fig. 1  Theoretical model. Source: authors’ design
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Hypothesis H4. EU states can be grouped into 
homogeneous clusters based on their levels of digital 
transformation, healthcare expenditures, health 
status, and progress toward achieving SDG 3.

This hypothesis assumes that some common patterns and 
trends regarding these indicators can be identified among 
EU states, and ranking them into distinct clusters could 
help identify specific policy patterns and strategies for 
promoting digital transformation and health in the EU.

Research methodology
The methodology used in the research involved the use 
of two statistical techniques, Structural Equation Mod-
eling (SEM) and cluster analysis, for processing and 
interpreting data collected from Eurostat for healthcare 
variables [52–56], from the European Commission for 
digital transformation variables [57], and the Sustainable 
Development Report for SDG 3 [58]. The collected data 
includes a panel covering the 27 EU countries from 2017 
to 2021. Data characterizing the research variables were 
available only for this selected period.

Structural Equation Modeling (SEM) is an advanced 
statistical technique that examines the complex relation-
ships between observable variables and latent variables 
[59], allowing the use of heterogeneous data sources 
without the need for data normalization [60, 61]. The 
SEM model used will be a mixed formative-reflexive 
model. The model will include both formative variables, 
measured by their observable variables [59, 62]. This 
study’s latent variables are healthcare expenditure, digital 
transformation, health status, and well-being.

Digital transformation is a formative variable and has 
digital technology integration and human capital as 
observable variables, two components of DESI (Digital 
Economy and Society Index). The importance of these 
two components in healthcare is significant. Digital tech-
nology integration can lead to better medical data man-
agement, improved diagnosis and treatment, increased 
efficiency, and reduced medical errors. At the same time, 
well-prepared human capital is essential to ensure ade-
quate use of these technologies.

DESI is a tool the European Commission used to mea-
sure the degree of digitalization of the economy and soci-
ety in EU member states [57]. It provides an overview of 
digital progress in areas such as internet connectivity, 
digital skills, use of online services, and integration of 
digital technology. Integrating digital technology into the 
healthcare sector can improve the efficiency, accessibility, 
and quality of medical services. Human capital in health-
care refers to the skills and abilities of healthcare sector 
personnel in using and implementing digital technology. 
Well-prepared and adaptable human capital is decisive 

for ensuring the efficient and beneficial implementation 
of digital technologies in the healthcare sector.

Healthcare expenditure is a reflexive variable with two 
observable indicators calculated by Eurostat [52, 53]: cur-
rent healthcare expenditure and the percentage of gross 
domestic product for long-term healthcare expendi-
ture. Current healthcare expenditure (CHE) represents 
the total amount allocated for healthcare services in a 
specific period, region, or country. These expenditures 
include funding for hospitals, procurement of medicines, 
home care services, and similar services. CHE is essential 
for assessing the financial resources allocated to ensure 
healthcare services and monitoring their evolution over 
time. The GDP percentage for long-term healthcare 
expenditure indicates the share of a country’s economic 
resources allocated to long-term healthcare. This indica-
tor provides insight into the prioritization and allocation 
of resources for long-term healthcare in the overall con-
text of the national economy.

Health status is a formative variable with three observ-
able variables calculated by Eurostat [54–56]: share of 
people with good or very good perceived health, healthy 
life years at birth, and healthy life years at age 65. Sus-
tainability in health is illustrated by the latent variable 
of good health and well-being with the observable vari-
able SDG 3 score [58]. The SDG 3 score reflects progress 
regarding access to healthcare services, reducing health 
inequalities, preventing and treating diseases, promoting 
mental and physical health, and other aspects relevant to 
improving health and human well-being.

Table  1 presents the research variables, measurement 
scales, and data sources.

Cluster analysis is a technique used to identify homoge-
neous groups of objects or units within a dataset [62]. In 
this study, cluster analysis identifies distinct patterns and 
groupings among EU countries based on variables related 
to digital transformation, healthcare expenditure, health 
status, and SDG 3. This method groups countries based 
on similarities, thereby enabling a deeper understanding 
of differences and similarities among EU member states. 
Combining SEM with cluster analysis can help identify 
and evaluate complex interactions between investigated 
variables, thereby providing a deeper and more compre-
hensive understanding of the healthcare sector within the 
EU.

Results
In the research concerning structural equation model-
ing, we chose to use Smart PLS v3.0 software. This tool 
provides a powerful and user-friendly platform for data 
analysis and SEM model building [59]. The model used in 
our analysis is formative-reflexive. Figure 2 presents the 
applied model, observable and latent variables, and their 
relationships.
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The validity of a formative model is essential to ensure 
that latent variables are well-defined and measured by 
their observable indicators. This testing involves checking 

the outer weights of these latent variables, which repre-
sent the coefficients estimating the relationship between 
endogen exogen (observable) variables and endogen 
(latent) variables within the model [60]. In contrast, for a 
reflexive model, validity involves assessing the outer load-
ings, which measure the importance of each observable 
variable in explaining the corresponding latent variable 
[61]. The outer loadings for latent variables in a reflexive 
model should exceed the threshold of 0.7 to be significant 
and adequate [62], indicating that each observable vari-
able significantly contributes to measuring the associated 
latent variable.

To evaluate the significance of outer weights and outer 
loadings, we used a bootstrapping procedure with 10,000 
samples, with significance p < 0.05, thus ensuring the 
robustness and accuracy of the analysis. The table pres-
ents the significance level for each outer weight and outer 
loading.

The data presented in Table 2 suggest a significant asso-
ciation between observable variables and correspond-
ing latent variables, thus validating the SEM model and 
providing a solid basis for interpreting its relationships. 
Checking the reliability of a formative model is important 
to ensure that variables are well-defined and that there 
are no multicollinearity issues among them. Multicol-
linearity can affect the reliability and correct interpreta-
tion of the model results [63]. One of the indicators used 
to assess multicollinearity is the Variable Inflation Factor 
(VIF). In validating a formative model, all VIFs must reg-
ister values below 5 [60]. Table 3 presents the multicol-
linearity indicators.

The Variance Inflation Factor (VIF) values in Table  3 
indicate the absence of significant multicollinear-
ity among the variables. Validating an SEM model also 
involves analyzing the model fit, including SRMR (Stan-
dardized Root Mean Square Residual) and NFI (Normed 

Table 1  Research variables
Latent
variables

Observable 
variables

Data sets Measures Data 
sourc-
es

Digital 
transformation

HC Human 
Capital

Score [57]

IDT Integration 
of Digital 
Technology

Score [57]

Healthcare 
expenditure

LTCH Long-term 
care (health) 
- Percent-
age of gross 
domestic 
product 
(GDP)

Percentage [52]

CHE Current 
health care 
expenditure 
(CHE)

Euro per 
inhabitant

[53]

Health status GVGPH Share of 
people with 
good or 
very good 
perceived 
health − 16 
years or over

Percentage [54]

HLYB Healthy life 
years at birth

Years [55]

HLYA65 Healthy life 
years at age 
65

Years [56]

Good health and 
well-being

SDG3 GOAL 
3: Good 
Health and 
Well-being

Aggregate 
score (1–100)

[58]

Source: developed by authors based on [52–58]

Fig. 2  Applied model. Source: authors’ design using SmartPLS v3.0
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Fit Index). SRMR measures the discrepancy between the 
observed variance-covariance matrix and the estimated 
model matrix. The lower the SRMR value, the better 
the model fits the data. A low SRMR value of 0.08 indi-
cates a good fit of the model to the observed data [60]. 
NFI is a normed fit index that compares the fit of the 
proposed model to the fit of a reference model. An NFI 

value greater than 0.90 is acceptable for the model fit to 
the observed data [63]. Table  4 presents the model fit 
measures.

Using a bootstrapping procedure with 10,000 two-
tailed samples and p < 0.05, we calculate the direct and 
total effects between the latent variables of the model, as 
well as determine the significance levels of these influ-
ences. Obtaining robust coefficients and significance 
level estimates involves generating 10,000 samples of 
similar sizes to the original dataset [60]. Therefore, by 
applying this bootstrapping procedure, we can obtain 
reliable and robust estimates of the effects between the 
latent variables and assess their significance levels rig-
orously and objectively. Table  5 presents the direct and 
total effects of the model.

Table  5 discloses a significant direct effect of digital 
transformation on health status (0.193, p = 0.004). Fur-
thermore, the total effect is significant (0.752, p < 0.001), 
validating the H1 Hypothesis. Investigating the H2 
Hypothesis, we found a significant direct effect of health-
care expenditure on health status (0.74. p < 0.001). Based 
on this data, the H2 Hypothesis is validated. Investiga-
tion of the H3 Hypothesis shows that the direct effect of 
health status on well-being (0.756, p < 0.001) is signifi-
cant, indicating a direct and positive influence of health 
status on well-being, quantified by the SDG 3 level of 
each country. In conclusion, the data confirm the validity 

Table 2  Variables outer weights and loadings
Latent variables Outer weights and loadings Original 

Sample
Sample 
Mean

Standard 
Deviation

T Statistics P 
Values

Digital transformation outer 
weights

IDT → Digital transformation 0.459 0.458 0.111 4.151 < 0.001
HC → Digital transformation 0.595 0.594 0.108 5.504 < 0.001

Health status outer weights GVGPH → Health status 0.279 0.282 0.062 4.487 < 0.001
HLYA65 → Health status 1.527 1.525 0.094 16.199 < 0.001
HLYB → Health status −1.042 −1.046 0.103 10.151 < 0.001

Healthcare expenditure outer 
loadings

Healthcare expenditure → LTCH 0.959 0.959 0.008 125.593 < 0.001
Healthcare expenditure → HE 0.963 0.964 0.006 152.479 < 0.001

Source: authors' calculation using SmartPLS v3.0

Table 3  Variable inflation factor
Variable VIF
IDT 2.747
HC 2.747
GVGPH 1.667
HLYA65 3.188
HLYB 3.479
LTCH 3.567
CHE 3.567
SDG3 1.000
Source: authors’ calculation using SmartPLS v3.0

Table 4  Model fit measures
Saturated Model

SRMR 0.058
d_ULS 0.12
d_G 0.134
Chi-Square 107.892
NFI 0.901
Source: authors’ calculation using SmartPLS v3.0

Table 5  Direct and total effects within the model
Effects Path Original Sample Standard Deviation T Statistics P Values
Direct Digital transformation → Healthcare expenditure 0.755 0.034 22.469 < 0.001

Digital transformation → Health status 0.193 0.067 2.875 0.004
Healthcare expenditure → Health status 0.74 0.059 12.541 < 0.001
Health status → Good health and well-being 0.756 0.029 26.002 < 0.001

Total Digital transformation → Good health and well-being 0.569 0.037 15.421 < 0.001
Digital transformation → Healthcare expenditure 0.755 0.034 22.469 < 0.001
Digital transformation → Health status 0.752 0.032 23.254 < 0.001
Healthcare expenditure → Good health and well-being 0.56 0.048 11.571 < 0.001
Healthcare expenditure → Health status 0.74 0.059 12.541 < 0.001
Health status → Good health and well-being 0.756 0.029 26.002 < 0.001

Source: authors’ calculation using SmartPLS v3.0
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of the H3 Hypothesis. Overall, the direct and total effects 
within the SEM model support the proposed hypotheses 
and suggest a significant and positive impact of health 
indicators on well-being within EU countries.

The fourth hypothesis involves using cluster analysis 
to group EU countries into homogeneous clusters [64] 
based on the level of digital transformation, healthcare 
expenditure, health status, and SDG 3. The data used are 
from 2021, the most recent year for which the selected 
data was available. We used the Ward method with 
squared Euclidean distance as the interval distance for 
cluster analysis. The Ward method is a clustering analy-
sis technique used to group data into homogeneous sub-
groups, with the advantage of minimizing the internal 
variation of each cluster. This grouping is achieved by 
minimizing the sum of squares of differences between 
points within the same cluster and its center. Using the 
squared Euclidean distance as the distance metric, the 
Ward method enables the identification of compact and 
well-defined clusters, thereby contributing to a more 
straightforward and precise interpretation of results [65]. 
This approach helps identify underlying structures and 
better understand relationships and patterns within the 
selected dataset. Figure 3 illustrates the dendrogram with 
three homogeneous clusters.

To analyze indicators related to digital transforma-
tion, healthcare expenditure, health status, and SDG 3, 
we grouped the selected data into three clusters, illus-
trated by the dendrogram. Table 6 presents the countries 
grouped into three clusters.

Cluster A comprises countries from Western, Central, 
and Northern Europe, which stand out for high levels of 
digital transformation associated with good health status, 
healthcare expenditure above the EU average, and a high 
level of SDG 3. Cluster B includes countries from South-
ern Europe, such as Portugal, Italy, Spain, Cyprus, and 
Malta, along with two former communist countries, Slo-
venia and the Czech Republic. The countries in this clus-
ter exhibit moderate digital transformation levels, health 
status indicators, healthcare expenditure, and SDG 3 
levels slightly below the EU average. Cluster C includes 
former communist countries plus Greece, with lower lev-
els of digital transformation and reduced values of health 
status indicators and healthcare expenditure. Analyzing 
these clusters provides an understanding of the diver-
sity of the healthcare situation within the EU, allowing 
the identification of countries with superior or inferior 
performance in various analyzed aspects, thus validat-
ing hypothesis H4. Figure 4  in  Appendix illustrates the 
graphical appearance of countries in the three clusters.

Discussion
Integrating sustainability and digital transformation 
into healthcare strategies can bring multiple benefits. 
Adopting sustainable business practices can help reduce 
the negative impact on the environment and enhance 
operational efficiency. Simultaneously, digital technolo-
gies can improve access to healthcare services, diagnos-
tic and treatment efficiency, and patient communication 
and engagement in the healthcare process. Combining 
innovative business approaches focusing on sustainability 
and digital transformation can contribute to developing 
a more efficient, inclusive, and patient-centric healthcare 
system [38].

This study aimed to analyze and understand the inter-
connection between digital transformation, healthcare 
expenditure levels, and health status within the EU. The 
investigation proposes four hypotheses to provide a 
clearer perspective on how these variables influence each 
other and their impact on healthcare systems and popu-
lation well-being in the European context. This approach 
provides a deeper and more comprehensive understand-
ing of the complex dynamics in healthcare in the digital 
era and offers guidance for future policies and practices 
within the EU.

The results obtained from testing hypothesis H1 are 
consistent with previous findings in the literature, which 
have demonstrated the benefits of integrating digital 
technologies in the healthcare sector [20, 66]. However, 
the innovation and original contribution of this research 
lies in the in-depth examination of how these digital 
technologies can support efforts to improve the quality 
of medical services in the specific context of the Euro-
pean Union. By implementing advanced information sys-
tems and dedicated applications, medical facilities can 
strengthen their ability to analyze and understand the 
needs and preferences of patients, allowing them to offer 
more personalized and efficient services [67]. Technology 
can also support innovation initiatives within healthcare 
systems, facilitating the introduction and implementa-
tion of new practices and procedures, leading to sig-
nificant improvements in the quality and accessibility of 
medical care [68].

The COVID-19 pandemic further underscored the 
critical role of digital technologies in ensuring the resil-
ience and adaptability of healthcare systems. Dur-
ing this period, the rapid adoption of telemedicine, 
remote patient monitoring, and AI-driven diagnostic 
tools became essential in managing healthcare demand, 
reducing hospital overcrowding, and maintaining con-
tinuity of care despite lockdown measures and resource 
constraints [31]. Countries with more advanced digital 
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infrastructures were able to respond more effectively to 
the crisis, optimizing patient triage, facilitating remote 
consultations, and ensuring real-time data sharing for 
better decision-making [69]. The pandemic acted as a 
catalyst for digital transformation, highlighting the ben-
efits and challenges of integrating technology into health-
care on a large scale.

Thus, investments in digital technologies in healthcare 
can be essential for increasing the healthcare system’s 
effectiveness and efficiency, contributing to improving 
population health and well-being. However, to provide 
a comprehensive and innovative perspective, this paper 
analyzes the impact of these investments in the specific 
context of EU member countries, considering existing 

Fig. 3  Dendrogram. Source: authors’ design using SPSS v.20
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disparities in digital infrastructure, levels of healthcare 
expenditure, and access to medical services. Including 
the COVID-19 period in this analysis further strengthens 
the argument that digitalization is a long-term strategic 
necessity and a crucial factor in managing healthcare cri-
ses and ensuring system resilience.

The findings related to Hypothesis H2 indicate that 
investments in the public healthcare system significantly 
influence a population’s health status and quality of life. 
This study extends the understanding by emphasizing 
the importance of efficient management of these invest-
ments [37]. Our research highlights that the magnitude 
and management efficiency of financial resources is cen-
tral to maximizing benefits. Effective resource alloca-
tion and utilization are essential for enhancing access to 
quality healthcare services and achieving better health 

outcomes. This nuanced perspective provides a more 
detailed insight into how investment strategies can be 
optimized to improve public health.

The COVID-19 pandemic further reinforced the criti-
cal role of healthcare investments, particularly in public 
health infrastructure, emergency preparedness, and digi-
tal transformation [29]. The crisis exposed vulnerabili-
ties in healthcare systems, demonstrating that countries 
with higher levels of investment and better-managed 
resources were more resilient in handling the surge in 
patient demand. The rapid mobilization of financial 
resources for expanding intensive care capacities, pro-
curing medical supplies, and deploying digital health 
solutions was instrumental in mitigating the pandemic’s 
impact [69]. Furthermore, the pandemic highlighted the 
need for sustainable and adaptable healthcare financing 

Table 6  Clusters structure
Clusters Country IDT (score) HC 

(score)
GVGPH(%) HLYB 

(years)
HLYA65 
(years)

LTCH(%) CHE(euro per 
inhabitant)

SDG3(score)

Cluster A Austria 8.86 12.70 72.7 61.8 9.5 1.59 5485.57 92.6
Netherlands 11.72 15.16 73.8 60.3 9.4 3.05 5510.68 95.5
Germany 7.91 10.84 65.1 65.6 10.8 2.47 5599.48 93.4
Ireland 11.03 15.11 81.0 67.2 12.6 1.39 5688.64 94.3
Sweden 12.62 14.97 74.3 68.4 14.6 2.82 5812.60 96.9
Denmark 13.26 14.39 69.2 56.6 9.9 2.09 6223.01 95.6
Luxembourg 8.18 13.84 78.4 62.0 11.0 1.04 6402.14 96.8
Finland 13.35 17.63 72.0 61.7 10.9 1.71 4590.30 95.4
France 7.47 12.24 70.0 66.2 12 1.95 4542.27 93.4
Belgium 10.66 11.58 78.8 64.6 11.2 2.34 4789.57 93.4

Mean values of Cluster A 10.51 13.84 73.53 63.44 11.19 2.05 5464.43 94.72
Cluster B Portugal 8.43 11.03 54.2 58.3 7.9 0.51 2308.06 92.4

Slovenia 8.93 10.83 71.5 65.4 10.7 1.03 2351.11 92.5
Czechia 8.13 11.12 70.3 62 7.6 1.20 2151.86 90.5
Cyprus 8.05 9.93 77.9 65.7 9.2 0.30 2515.24 91.7
Italy 9.29 8.88 76.2 68.1 10.7 0.91 2837.00 94.2
Spain 8.57 12.60 74.0 62.8 10.5 0.95 2733.59 94.6
Malta 10.88 12.42 75.7 68.7 11.9 1.73 3064.16 91.3

Mean values of Cluster B 8.90 10.97 71.40 64.43 9.79 0.95 2565.86 92.47
Cluster C Greece 5.50 10.25 80.1 65.6 7.7 0.15 1576.75 90.7

Lithuania 8.78 10.21 52.3 57.6 6 0.52 1568.36 85.9
Latvia 5.61 10.79 54.6 53.8 4.8 0.33 1612.14 84.8
Slovakia 6.55 10.83 68.4 56.8 5 0.03 1427.52 88.3
Estonia 8.30 13.26 60.5 56.5 7 0.69 1769.74 89.9
Croatia 8.59 12.54 64.9 58.6 5.2 0.21 1195.09 87.5
Hungary 4.59 9.68 68.0 62.5 7.5 0.29 1170.72 84.2
Bulgaria 3.52 7.88 71.7 63.3 8.4 0.28 884.18 79.3
Romania 3.92 7.52 77.1 57.8 4 0.33 817.47 80.7
Poland 5.14 9.08 67.9 62.6 8.3 0.52 983.14 83.9

Mean values of Cluster C 6.05 10.20 66.55 59.51 6.39 0.34 1300.51 85.52
Mean values at UE level 8.44 11.75 70.39 62.24 9.05 1.13 3170.76 90.73
Source: authors’ construction using SPSS
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strategies, ensuring that health systems can respond 
effectively to emergencies and long-term public health 
challenges [31].

The SEM model results confirm the validity of Hypoth-
esis H3, indicating that the level of health status within 
EU countries positively influences progress towards SDG 
3. This research extends the previous research results 
[49] by highlighting the innovative role of digital trans-
formation in the healthcare sector. Implementing digital 
healthcare systems improves access to healthcare ser-
vices and enhances the efficient collection and analysis of 
health data, thereby supporting progress towards SDG 3.

Our study underscores the importance of maintaining 
and improving the sustainability of healthcare systems 
undergoing digital transformation, as shown by other 
researchers [44, 45]. Ensuring continuous access to qual-
ity healthcare services and optimizing the management 
of medical resources necessitates a focus on long-term 
sustainability. Key areas requiring attention include fund-
ing, infrastructure, education, interoperability, and ongo-
ing innovation. Our research contributes to a deeper 
understanding of how to construct and sustain efficient 
digital healthcare systems that support health and well-
being goals, addressing these aspects.

To examine Hypothesis H4, we used cluster analysis 
to group EU countries into three homogeneous clusters, 
which validated the hypothesis. This approach revealed 
significant differences in healthcare expenditures and 
access to services across the EU, offering a comprehen-
sive understanding of healthcare variations within the 
union.

Our findings extend previous [31, 51] research by pro-
viding a nuanced analysis of how countries approach 
healthcare financing and access. Cluster analysis high-
lights the specific needs and opportunities of each 
category of countries, which is crucial for identifying 
directions for improving healthcare systems at the Euro-
pean level. Notably, countries in cluster A, which exhibit 
a good health status and healthcare expenditures above 
the EU average, reflect a strong commitment to provid-
ing and accessing healthcare services. In contrast, coun-
tries in cluster C are characterized by lower levels of 
digital transformation and weaker indicators, disturbing 
the delivery of healthcare services and, more importantly, 
the health status of their populations. Countries in clus-
ter B are in an intermediate position. These countries are 
taking significant steps towards digital transformation, 
investing in modern technologies to improve access and 
quality of healthcare services. They also allocate signifi-
cant healthcare expenditures, demonstrating their com-
mitment to improving healthcare systems and ensuring 
access to adequate medical care for their populations. 

This study’s innovative contribution lies in its detailed 
clustering methodology, which enables targeted strate-
gies for enhancing healthcare delivery based on each 
cluster’s unique characteristics and requirements.

Digital transformation significantly impacts all 
aspects of society, including the healthcare sector [70, 
71]. Through digital technologies, hospitals and other 
healthcare institutions can enhance access to healthcare 
services, improve the efficiency of diagnostics and treat-
ments, manage medical data more effectively, and facili-
tate communication between professionals and patients 
[1, 2]. These digital innovations can increase operational 
efficiency and improve medical care quality [69].

Limitations and further research
Methodological and research limitations include the con-
straints and limitations of the SEM model, such as the 
number of variables considered. Data for analysis have 
temporal limitations, as data for all selected variables 
were available only from 2017 to 2021. The specific con-
text of the European Union and the particularities of each 
member country influenced the interpretation of results. 
Thus, generalizing results may not always be appropriate, 
and a more detailed analysis at the national or regional 
level may be necessary.

Regarding future research directions, several aspects 
could be further explored to complete the understand-
ing of the examined relationship in the EU. Qualitative 
studies could provide a more detailed perspective on how 
specific factors, such as digital infrastructure or health-
care policy, influence the implementation and impact of 
digital technologies in healthcare. In future studies, we 
will consider incorporating additional observable vari-
ables to enhance the robustness of our models, provid-
ing a more comprehensive and detailed understanding of 
the relationships between these critical factors. Observ-
able variables for digital transformation could include the 
adoption rate of electronic health records, telemedicine 
usage, and digital literacy among healthcare profession-
als. For healthcare expenditure, observable variables 
might comprise government healthcare funding, out-of-
pocket expenses, and insurance coverage rates. Health 
status could be described using variables such as inci-
dence of chronic diseases, mortality rates, and patient 
satisfaction scores. Good health and well-being could be 
measured through mental health status and quality of life 
assessments.

Conclusions
Digital transformation in healthcare goes beyond merely 
implementing digital technologies; it requires restructur-
ing the entire healthcare system to meet patients’ and 
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healthcare professionals’ evolving needs and expecta-
tions. Integrating digital technologies optimizes existing 
processes and opens up new opportunities for innovation 
and improving the quality of medical care. The research 
findings underline the importance of integrating sustain-
ability and digital transformation into healthcare strate-
gies, highlighting the multiple benefits these two aspects 
can bring. The research results confirmed the benefits of 
integrating digital technologies in the healthcare sector, 
such as improving the quality and accessibility of medical 
services in the specific context of the European Union. 
Implementing advanced information systems and dedi-
cated applications in medical facilities can strengthen 
their ability to analyze and understand the needs of 
patients, providing them with more personalized and 
efficient services. Technology can also support innova-
tion initiatives within healthcare systems.

Policy implications
Integrating sustainability and digital transformation 
into healthcare strategies has significant policy implica-
tions. Policymakers should prioritize the development 
of regulations and incentives that encourage healthcare 
institutions to adopt digital technologies while ensuring 
sustainable practices. This approach involves creating 
funding mechanisms that support investments in digi-
tal healthcare infrastructure, promoting interoperability 
standards to enhance data exchange across systems, and 
fostering policies that ensure equitable access to digital 
health services.

Furthermore, addressing disparities in digital infra-
structure across EU member countries is essential to 
achieving a more balanced and efficient healthcare sys-
tem. Policymakers should develop targeted strategies to 
support underfunded regions, ensuring all populations 
benefit from technological advancements. Focusing on 
long-term sustainability through funding, education, and 
continuous innovation can contribute to achieving SDG 
3 on health and well-being. By integrating digital trans-
formation into healthcare policies, governments can 
enhance operational efficiency, reduce environmental 
impact, and improve the overall quality of care.

Managerial implications
From a managerial perspective, adopting digital tech-
nologies in healthcare organizations requires a strategic 
approach to resource allocation, workforce training, and 
process optimization. Healthcare managers should invest 

in advanced digital tools that improve patient communi-
cation, diagnostics, and treatment efficiency while ensur-
ing that staff members receive adequate training to utilize 
these technologies effectively.

Moreover, empirical research suggests that efficient 
resource management is crucial for maximizing the 
benefits of digital transformation. Healthcare managers 
should optimize operational workflows to improve ser-
vice delivery and patient outcomes. Furthermore, collab-
oration with policymakers and technology providers can 
help address challenges related to digital infrastructure 
and ensure seamless integration of innovative healthcare 
solutions.

Managers should also adopt data-driven decision-
making processes, leveraging analytics to monitor 
performance and identify areas for improvement. By pri-
oritizing digital innovation and sustainable healthcare 
practices, healthcare organizations can enhance their 
capacity to deliver high-quality, patient-centric care.

This study confirmed that digital technologies sig-
nificantly improve healthcare accessibility and quality 
in the European Union. Adopting advanced information 
systems and medical applications strengthens health-
care providers’ ability to analyze patient needs, deliver-
ing more personalized and efficient care. Furthermore, 
investments in public healthcare systems play a critical 
role in shaping health outcomes and overall well-being. 
However, the efficiency of financial resource manage-
ment is equally important in maximizing these benefits.

The results of the SEM model indicate that a higher 
level of health status in EU countries positively influences 
progress towards SDG 3. Furthermore, the innovative 
role of digital transformation in healthcare has been reaf-
firmed, demonstrating its impact on medical data collec-
tion and analysis. The cluster analysis further highlighted 
disparities in healthcare expenditures and access across 
EU nations, emphasizing the need for targeted strategies 
to bridge these gaps.

Although this study focused on EU countries, expand-
ing the research to a global scale could provide valuable 
insights into the applicability of these findings in diverse 
healthcare settings. Future studies should consider 
global economic, cultural, and regulatory differences in 
digital healthcare adoption. Conducting comparative 
analyses between countries will help refine strategies for 
integrating sustainability and digital transformation in 
healthcare, ultimately contributing to developing a more 
resilient and patient-centered global healthcare system.
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Appendix

Fig. 4  The distribution of countries across clusters. Source: developed by the author based on collected data from Eurostat using MapChart. Available 
online: https://www.mapchart.net/ (accessed on 6 April 2024)

Authors’ contributions
Conceptualization: AAV and CGB; methodology: AAV and CGB; software: AAV 
and CGB; validation: AAV and CGB; formal analysis: AAV and CGB; investigation: 
AAV and CGB; resources: AAV and CGB; data curation: AAV and CGB; writing—
original draft preparation: AAV and CGB; writing—review and editing: AAV and 
CGB; visualization: AAV and CGB; supervision: AAV; project administration: CGB. 
All authors have read and agreed to the published version of the manuscript.

Funding
This research received no specific grant from funding agencies in the public, 
commercial, or not-for-profit sectors.

Data availability
Data is available in a publicly accessible repository: Eurostat.​h​t​t​p​​s​:​/​​/​e​c​.​​e​u​​r​o​p​​a​.​
e​​u​/​e​u​​r​o​​s​t​a​​t​/​d​​a​t​a​b​​r​o​​w​s​e​​r​/​v​​i​e​w​/​​t​p​​s​0​0​​2​1​4​​_​_​c​u​​s​t​​o​m​_​​1​0​9​​6​4​0​3​​8​/​​d​e​f​a​u​l​t​/​t​a​b​l​e​?​l​a​
n​g​=​e​n. Accessed 29 March 2024.Eurostat.​h​t​t​p​​s​:​/​​/​e​c​.​​e​u​​r​o​p​​a​.​e​​u​/​e​u​​r​o​​s​t​a​​t​/​d​​a​t​a​b​​
r​o​​w​s​e​​r​/​v​​i​e​w​/​​t​p​​s​0​0​​2​0​7​​_​_​c​u​​s​t​​o​m​_​​1​0​9​​6​4​0​4​​2​/​​d​e​f​a​u​l​t​/​t​a​b​l​e​?​l​a​n​g​=​e​n. Accessed 
29 March 2024.Eurostat.​h​t​t​p​​s​:​/​​/​e​c​.​​e​u​​r​o​p​​a​.​e​​u​/​e​u​​r​o​​s​t​a​​t​/​d​​a​t​a​b​​r​o​​w​s​e​​r​/​v​​i​e​w​/​​s​d​​g​
_​0​​3​_​2​​0​_​_​c​​u​s​​t​o​m​​_​1​0​​9​6​4​0​​4​9​​/​d​e​f​a​u​l​t​/​t​a​b​l​e​?​l​a​n​g​=​e​n. Accessed 29 March ​2​0​2​4​
.​E​u​r​o​s​t​a​t​.​​​h​t​t​p​​s​:​/​​/​e​c​.​​e​u​​r​o​p​​a​.​e​​u​/​e​u​​r​o​​s​t​a​​t​/​d​​a​t​a​b​​r​o​​w​s​e​​r​/​v​​i​e​w​/​​t​p​​s​0​0​​1​5​0​​_​_​c​u​​s​t​​o​m​
_​​1​0​9​​6​4​0​5​​3​/​​d​e​f​a​u​l​t​/​t​a​b​l​e​?​l​a​n​g​=​e​n. Accessed 29 March 2024.Eurostat. ​h​t​t​p​​s​:​/​​/​
e​c​.​​e​u​​r​o​p​​a​.​e​​u​/​e​u​​r​o​​s​t​a​​t​/​d​​a​t​a​b​​r​o​​w​s​e​​r​/​v​​i​e​w​/​​t​e​​p​s​r​​_​s​p​​3​2​0​_​​_​c​​u​s​t​​o​m​_​​1​0​9​6​​4​0​​5​1​/​d​

e​f​a​u​l​t​/​t​a​b​l​e​?​l​a​n​g​=​e​n. Accessed 29 March 2024.European Commission. ​h​t​t​p​​s​:​/​​
/​d​i​g​​i​t​​a​l​-​​s​t​r​​a​t​e​g​​y​.​​e​c​.​​e​u​r​​o​p​a​.​​e​u​​/​e​n​/​p​o​l​i​c​i​e​s​/​d​e​s​i. Accessed 29 March 2024.Sachs 
D, Lafortune G, Fuller G. Online database for the Sustainable Development 
Report. 2024. ​h​t​t​p​​s​:​/​​/​d​a​s​​h​b​​o​a​r​​d​s​.​​s​d​g​i​​n​d​​e​x​.​​o​r​g​​/​s​t​a​​t​i​​c​/​d​​o​w​n​​l​o​a​d​​s​/​​f​i​l​​e​s​/​​S​D​R​2​​0​2​​
4​-​d​a​t​a​.​x​l​s​x. Accessed 14 November 2024.

Declarations

Ethics approval and consent to participate
Not applicable. This article contains no studies with human participants 
performed by any authors.

Consent for publication
Not applicable. This article contains no studies with human participants 
performed by any authors.

Competing interests
The authors declare no competing interests.

Received: 13 November 2024 / Accepted: 28 February 2025

https://www.mapchart.net/
https://ec.europa.eu/eurostat/databrowser/view/tps00214__custom_10964038/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/tps00214__custom_10964038/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/tps00214__custom_10964038/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/tps00207__custom_10964042/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/tps00207__custom_10964042/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/sdg_03_20__custom_10964049/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/sdg_03_20__custom_10964049/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/tps00150__custom_10964053/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/tps00150__custom_10964053/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/tepsr_sp320__custom_10964051/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/tepsr_sp320__custom_10964051/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/tepsr_sp320__custom_10964051/default/table?lang=en
https://digital-strategy.ec.europa.eu/en/policies/desi
https://digital-strategy.ec.europa.eu/en/policies/desi
https://dashboards.sdgindex.org/static/downloads/files/SDR2024-data.xlsx
https://dashboards.sdgindex.org/static/downloads/files/SDR2024-data.xlsx


Page 14 of 15Bocean and Vărzaru BMC Health Services Research          (2025) 25:343 

References
1.	 Reis J, Amorim M, Melao N, Matos P. Digital transformation: a literature review 

and guidelines for future research. Cham: Springer; 2018. pp. 411–21. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​9​​7​8​-​​3​-​3​​1​9​-​7​​7​7​​0​3​-​0​_​4​1.

2.	 Marques ICP, Ferreira JJM. Digital transformation in the area of health: system-
atic review of 45 years of evolution. Health Technol. 2020;10:575–86. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​2​5​5​3​-​0​1​9​-​0​0​4​0​2​-​8.

3.	 Kraus S, Schiavone F, Pluzhnikova A, Invernizzi AC. Digital transformation in 
healthcare: analyzing the current state-of-research. J Bus Res. 2021;123:557–
67. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​b​​u​s​r​​e​s​.​2​​0​2​​0​.​1​0​.​0​3​0.

4.	 Ford G, Compton M, Millett G, Tzortzis A. The role of digital disruption in 
healthcare service innovation. In: Pfannstiel M, Rasche C, editors. Service 
business model innovation in healthcare and hospital management. Cham: 
Springer; 2017.

5.	 Tuzii J. Healthcare information technology in Italy, critiques and suggestions 
for European digitalization. Pharmaceuticals Policy Law. 2017;19(3/4):161–76. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​2​3​3​​/​P​​P​L​-​1​8​0​4​6​0.

6.	 Jin Y, Shen Z, Liu J, Tansuchat R. The impact of the digital economy on the 
health industry from the perspective of threshold and intermediary effects: 
evidence from China. Sustainability. 2023;15:11141. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​s​​
u​1​5​1​4​1​1​1​4​1.

7.	 Katsamakas E. Digital transformation and sustainable business models. 
Sustainability. 2022;14:6414. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​s​​u​1​4​1​1​6​4​1​4.

8.	 Agarwal R, Dugas M, Guodong GG, Kannan PK. Emerging technologies and 
analytics for a new era of value-centered marketing in healthcare. J Acad 
Mark Sci. 2020;48:9–23. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​1​7​4​7​-​0​1​9​-​0​0​6​9​2​-​4.

9.	 Sepetis A, Rizos F, Pierrakos G, Schallmo D. Sustainable Finance and the 
Digital Transformation in the Healthcare system. In: Proceedings of the ISPIM 
Connects Athens—The Role of Innovation: Past, Present, Future, Athens, 
Greece, 28–30 November 2022. Lappeenranta, Finland: LUT Scientific and 
Expertise Publications; 2022.

10.	 Fonda F, Galazzi A, Chiappinotto S, Justi L, Frydensberg MS, Boesen RL, Macur 
M, Reig EA, Espaulella ER, Palese A. Healthcare system digital transforma-
tion across four European countries: A Multiple-Case study. Healthcare. 
2024;12:16. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​h​​e​a​l​t​h​c​a​r​e​1​2​0​1​0​0​1​6.

11.	 Osmundsen K, Iden J, Bygstad B. Digital Transformation: Drivers, Success Fac-
tors, and Implications. MCIS 2018 Proceedings. 2018. ​h​t​t​p​​s​:​/​​/​a​i​s​​e​l​​.​a​i​​s​n​e​​t​.​o​r​​g​/​​
m​c​i​s​2​0​1​8​/​3​7. Accessed 23 March 2024.

12.	 Kane G. The technology fallacy: people are the real key to digital transforma-
tion. Res Technol Manag. 2019;62:44–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​0​​8​9​5​​6​3​0​​8​.​2​0​​
1​9​​.​1​6​6​1​0​7​9.

13.	 Frisinger A, Papachristou P. Bridging the voice of healthcare to digital transfor-
mation in practice–a holistic approach. BMC Digit Health. 2024;2(1):12. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​4​4​2​4​7​-​0​2​4​-​0​0​0​6​6​-​z.

14.	 World Health Organization (WHO). WHO guideline: recommendations on 
digital interventions for health system strengthening. Geneva, Switzerland: 
World Health Organization; 2019.

15.	 Meister S, Deiters W, Becker S. Digital health and digital biomarkers - Enabling 
value chains on health data. Curr Dir Biomed Eng. 2016;2:577–81. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​1​5​1​5​​/​c​​d​b​m​e​-​2​0​1​6​-​0​1​2​8.

16.	 Odone A, Buttigieg S, Ricciardi W, Azzopardi-Muscat N, Staines A. Public 
health digitalization in Europe. Eur J Public Health. 2019;29:28–35. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​1​0​9​3​​/​e​​u​r​p​u​b​/​c​k​z​1​6​1.

17.	 Beleigoli AM, Andrade AQ, Cangado AG, Paulo MN, Diniz MDFH, Ribeiro AL. 
Web-Based digital health interventions for weight loss and lifestyle habit 
changes in overweight and obese adults: systematic review and Meta-Analy-
sis. J Med Internet Res. 2019;21:e298. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​1​9​6​​/​j​​m​i​r​.​9​6​0​9.

18.	 Teixeira L, Cardoso I, Oliveira e Sá J, Madeira F. Are health information systems 
ready for the digital transformation in Portugal? Challenges and future 
perspectives. Healthcare. 2023;11:712. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​h​​e​a​l​t​h​c​a​r​e​1​1​0​
5​0​7​1​2.

19.	 Howarth A, Quesada J, Silva J, Judycki S, Mills PR. The impact of digital health 
interventions on health-related outcomes in the workplace: A systematic 
review. Digit Health. 2018;4:2055207618770861. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​/​2​​0​5​5​
2​0​7​6​1​8​7​7​0​8​6​1.

20.	 Stoumpos AI, Kitsios F, Talias MA. Digital transformation in healthcare: 
technology acceptance and its applications. Int J Environ Res Public Health. 
2023;20:3407. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​i​​j​e​r​p​h​2​0​0​4​3​4​0​7.

21.	 Agarwal R, Gao G, DesRoches C, Jha AK. Research commentary—The digital 
transformation of healthcare: current status and the road ahead. Inf Syst Res. 
2010;21:796–809. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​2​8​7​​/​i​​s​r​e​.​1​1​0​0​.​0​3​2​7.

22.	 Gopal G, Suter-Crazzolara C, Toldo L, Eberhardt W. Digital transformation in 
healthcare—Architectures of present and future information technologies. 
Clin Chem Lab Med CCLM. 2019;57:328–35. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​5​1​5​​/​c​​c​l​m​-​2​0​1​
8​-​0​6​5​8.

23.	 Carolan S, Harris PR, Cavanagh K. Improving employee Well-Being and effec-
tiveness: systematic review and Meta-Analysis of Web-Based psychological 
interventions delivered in the workplace. J Med Internet Res. 2017;19:e271.  
​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​1​9​6​​/​j​​m​i​r​.​7​5​8​3.

24.	 Reixach E, Andrés E, Sallent Ribes J, Gea-Sánchez M, Avila López A, Cruañas 
B, González Abad A, Faura R, Guitert M, Romeu T, et al. Measuring the digital 
skills of Catalan health care professionals as a key step toward a strategic 
training plan: digital competence test validation study. J Med Internet Res. 
2022;24:e38347. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​1​9​6​​/​3​​8​3​4​7.

25.	 Numico G, Ferrua R, Fea E, Giamello J, Colantonio I, Occelli M, Vandone AM, 
Vanella P, Aimar G, Pisano C, Parlagreco E, Persano I, Milanesio M, Ippoliti R. 
Patients with cancer and hospital admissions: disease trajectory and strategic 
choices. BMJ Support Palliat Care. 2023;14:e1721–4. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​/​s​​
p​c​a​r​e​-​2​0​2​3​-​0​0​4​5​7​4.

26.	 Iyawa GE, Herselman M, Botha A. Digital health innovation ecosystems: from 
systematic literature review to conceptual framework. Procedia Comput Sci. 
2016;100:244–52. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​p​r​​o​c​s​​.​2​0​1​​6​.​​0​9​.​1​4​9.

27.	 Eden R, Burton-Jones A, Scott I, Staib A, Sullivan C. Effects of eHealth on 
hospital practice: synthesis of the current literature. Aust Health Rev. 
2018;42:568–78. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​7​1​​/​A​​H​1​7​2​5​5.

28.	 Gjellebaek C, Svensson A, Bjerkquist C, Fladeby N, Grunden K. Manage-
ment challenges for future digitalization of healthcare services. Futures. 
2020;124:102636. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​f​u​​t​u​r​​e​s​.​2​​0​2​​0​.​1​0​2​6​3​6.

29.	 Galazzi A, Binda F, Gambazza S, Cantü F, Colombo E, Adamini I, Grasselli G, 
Lusignani M, Laquintana D, Rasero L. The end of life of patients with COVID-
19 in intensive care unit and the stress level on their family members: A 
cross-sectional study. Nurs Crit Care. 2023;28:133–40. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​
n​​i​c​c​.​1​2​7​8​3.

30.	 Ricciardi W, Pita Barros P, Bourek A, Brouwer W, Kelsey T, Lehtonen L. Expert 
panel on effective ways of investing in health (EXPH). How to govern the 
digital transformation of health services. Eur J Public Health. 2019;29:7–12. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​3​​/​e​​u​r​p​u​b​/​c​k​z​1​6​5.

31.	 Piech K. Health care financing and economic performance during the 
coronavirus pandemic, the war in Ukraine and the energy transition attempt. 
Sustainability. 2022;14:10601. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​s​​u​1​4​1​7​1​0​6​0​1.

32.	 Cylus J, Tayara LA. Health, an ageing labour force, and the economy: does 
health moderate the relationship between population age-structure and 
economic growth? Soc Sci Med. 2021;287:114353. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​s​
o​​c​s​c​​i​m​e​d​​.​2​​0​2​1​.​1​1​4​3​5​3.

33.	 Lopreite M, Zhu Z. The effects of ageing population on health expenditure 
and economic growth in China: A Bayesian-VAR approach. Soc Sci Med. 
2020;265:113513. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​s​o​​c​s​c​​i​m​e​d​​.​2​​0​2​0​.​1​1​3​5​1​3.

34.	 Gong L, Li H, Wang D. Health investment, physical capital accumulation, and 
economic growth. China Econ Rev. 2012;23:1104–19. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​
/​j​​.​c​h​​i​e​c​​o​.​2​0​​1​2​​.​0​7​.​0​0​2.

35.	 Zaidi S, Saidi K. Environmental pollution, health expenditure and economic 
growth in the Sub-Saharan Africa countries: panel ARDL approach. Sustain 
Cities Soc. 2018;41:833–40. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​s​c​s​.​2​0​1​8​.​0​4​.​0​3​4.

36.	 Bokhari FA, Gai Y, Gottret P. Government health expenditures and health 
outcomes. Health Econ. 2007;16:257–73. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​h​​e​c​.​1​1​5​7.

37.	 Qaiser Gillani D, Gillani SAS, Naeem MZ, Spulbar C, Coker-Farrell E, Ejaz A, 
Birau R. The Nexus between sustainable economic development and govern-
ment health expenditure in Asian countries based on ecological footprint 
consumption. Sustainability. 2021;13:6824. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​s​​u​1​3​1​2​6​8​2​4.

38.	 Sepetis A, Rizos F, Pierrakos G, Karanikas H, Schallmo D. A Sustainable Model 
for Healthcare Systems: The Innovative Approach of ESG and Digital Transfor-
mation. Healthcare. 2024;12:156. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​h​​e​a​l​t​h​c​a​r​e​1​2​0​2​0​1​5​6.

39.	 Kalia D, Aggarwal D. Examining impact of ESG score on financial performance 
of healthcare companies. J Glob Responsib. 2023;14:155–76. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​​1​1​0​8​​/​J​​G​R​-​0​5​-​2​0​2​2​-​0​0​4​5.

40.	 Sepetis A, Zaza PN, Rizos F, Bagos PG. Identifying and predicting healthcare 
waste management costs for an optimal sustainable management system: 
evidence from the Greek public sector. Int J Environ Res Public Health. 
2022;19:9821. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​i​​j​e​r​p​h​1​9​1​6​9​8​2​1.

41.	 Khairunnisa RA, Ulfa M, Azizi M, Setyonugroho W. A Future Green and Healthy 
Hospital: A Review Article. Proc Int Healthc Facil. 2021;1:82–94.

https://doi.org/10.1007/978-3-319-77703-0_41
https://doi.org/10.1007/978-3-319-77703-0_41
https://doi.org/10.1007/s12553-019-00402-8
https://doi.org/10.1007/s12553-019-00402-8
https://doi.org/10.1016/j.jbusres.2020.10.030
https://doi.org/10.3233/PPL-180460
https://doi.org/10.3233/PPL-180460
https://doi.org/10.3390/su151411141
https://doi.org/10.3390/su151411141
https://doi.org/10.3390/su14116414
https://doi.org/10.1007/s11747-019-00692-4
https://doi.org/10.3390/healthcare12010016
https://aisel.aisnet.org/mcis2018/37
https://aisel.aisnet.org/mcis2018/37
https://doi.org/10.1080/08956308.2019.1661079
https://doi.org/10.1080/08956308.2019.1661079
https://doi.org/10.1186/s44247-024-00066-z
https://doi.org/10.1186/s44247-024-00066-z
https://doi.org/10.1515/cdbme-2016-0128
https://doi.org/10.1515/cdbme-2016-0128
https://doi.org/10.1093/eurpub/ckz161
https://doi.org/10.1093/eurpub/ckz161
https://doi.org/10.2196/jmir.9609
https://doi.org/10.3390/healthcare11050712
https://doi.org/10.3390/healthcare11050712
https://doi.org/10.1177/2055207618770861
https://doi.org/10.1177/2055207618770861
https://doi.org/10.3390/ijerph20043407
https://doi.org/10.1287/isre.1100.0327
https://doi.org/10.1515/cclm-2018-0658
https://doi.org/10.1515/cclm-2018-0658
https://doi.org/10.2196/jmir.7583
https://doi.org/10.2196/38347
https://doi.org/10.1136/spcare-2023-004574
https://doi.org/10.1136/spcare-2023-004574
https://doi.org/10.1016/j.procs.2016.09.149
https://doi.org/10.1071/AH17255
https://doi.org/10.1016/j.futures.2020.102636
https://doi.org/10.1111/nicc.12783
https://doi.org/10.1111/nicc.12783
https://doi.org/10.1093/eurpub/ckz165
https://doi.org/10.1093/eurpub/ckz165
https://doi.org/10.3390/su141710601
https://doi.org/10.1016/j.socscimed.2021.114353
https://doi.org/10.1016/j.socscimed.2021.114353
https://doi.org/10.1016/j.socscimed.2020.113513
https://doi.org/10.1016/j.chieco.2012.07.002
https://doi.org/10.1016/j.chieco.2012.07.002
https://doi.org/10.1016/j.scs.2018.04.034
https://doi.org/10.1002/hec.1157
https://doi.org/10.3390/su13126824
https://doi.org/10.3390/healthcare12020156
https://doi.org/10.1108/JGR-05-2022-0045
https://doi.org/10.1108/JGR-05-2022-0045
https://doi.org/10.3390/ijerph19169821


Page 15 of 15Bocean and Vărzaru BMC Health Services Research          (2025) 25:343 

42.	 Hermes S, Riasanow T, Clemons EK, Böhm M, Krcmar H. The digital 
transformation of the healthcare industry: exploring the rise of emerging 
platform ecosystems and their influence on the role of patients. Bus Res. 
2020;13:1033–69. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​4​0​6​8​5​-​0​2​0​-​0​0​1​2​5​-​x.

43.	 Benjamin K, Potts HW. Digital transformation in government: lessons for 
digital health? Digit Health. 2018;4:205520761875916. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​
/​2​​0​5​5​2​0​7​6​1​8​7​5​9​1​6​8.

44.	 Sharma A, Harrington RA, McClellan MB, Turakhia MP, Eapen ZJ, Steinhubl S, 
Mault JR, Majmudar MD, Roessig L, Chandross KJ, et al. Using digital health 
technology to better generate evidence and deliver evidence-Based care. J 
Am Coll Cardiol. 2018;71:2680–90. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​a​c​c​.​2​0​1​8​.​0​3​.​5​2​3.

45.	 Del Río Castro G, Gonzalez Fernandez MC, Uruburu Colsa Á. Unleashing 
the convergence amid digitalization and sustainability towards pursuing 
the sustainable development goals (SDGs): A holistic review. J Clean Prod. 
2021;280:122204. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​c​​l​e​p​​r​o​.​2​​0​2​​0​.​1​2​2​2​0​4.

46.	 Sherman JD, Thiel C, MacNeill A, Eckelman MJ, Dubrow R, Hopf H, Lagasse 
R, Bialowitz J, Costello A, Forbes M, et al. The green print: advancement 
of environmental sustainability in healthcare. Resour Conserv Recycl. 
2020;161:104882. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​r​e​​s​c​o​​n​r​e​c​​.​2​​0​2​0​.​1​0​4​8​8​2.

47.	 World Health Organization (WHO). WHO guidance for climate resilient and 
environmentally sustainable health care facilities. Geneva, Switzerland: World 
Health Organization; 2020.

48.	 United Nations. The 17 Sustainable Development Goals. 2015. Available from: 
https://sdgs.un.org/goals. Accessed on 15 March 2024.

49.	 Simpson E, Bradley D, Palfreyman J, White R. Sustainable society: Well-
being and Technology—3 case studies in decision making. Sustainability. 
2022;14:13566. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​s​​u​1​4​2​0​1​3​5​6​6.

50.	 European Union (EU). Regulation (EU) 2021/522 of the European Parliament 
and of the Council of 24 March 2021 Establishing a programme for the 
union’s action in the field of health (‘EU4Health programme’) for the period 
2021–2027, and repealing regulation (EU). No 282/201. Luxembourg: EUR-
Lex; 2021.

51.	 Luca MM, Mustea L, Taran A, Stefea P, Vatavu S. Challenges on radical health 
redesign to reconfigure the level of e-Health adoption in EU countries. Front 
Public Health. 2021;9:728287. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​p​u​b​h​.​2​0​2​1​.​7​2​8​2​8​7.

52.	 Eurostat. Long-term care (health) - Percentage of gross domestic product 
(GDP). 2024a. ​h​t​t​p​​s​:​/​​/​e​c​.​​e​u​​r​o​p​​a​.​e​​u​/​e​u​​r​o​​s​t​a​​t​/​d​​a​t​a​b​​r​o​​w​s​e​​r​/​v​​i​e​w​/​​t​p​​s​0​0​​2​1​4​​_​_​c​
u​​s​t​​o​m​_​​1​0​9​​6​4​0​3​​8​/​​d​e​f​a​u​l​t​/​t​a​b​l​e​?​l​a​n​g​=​e​n. Accessed 29 March 2024.

53.	 Eurostat. Total health care expenditure. 2024b. ​h​t​t​p​​s​:​/​​/​e​c​.​​e​u​​r​o​p​​a​.​e​​u​/​e​u​​r​o​​s​t​a​​
t​/​d​​a​t​a​b​​r​o​​w​s​e​​r​/​v​​i​e​w​/​​t​p​​s​0​0​​2​0​7​​_​_​c​u​​s​t​​o​m​_​​1​0​9​​6​4​0​4​​2​/​​d​e​f​a​u​l​t​/​t​a​b​l​e​?​l​a​n​g​=​e​n. 
Accessed 29 March 2024.

54.	 Eurostat. Share of people with good or very good perceived health– 16 years 
or over. 2024c. ​h​t​t​p​​s​:​/​​/​e​c​.​​e​u​​r​o​p​​a​.​e​​u​/​e​u​​r​o​​s​t​a​​t​/​d​​a​t​a​b​​r​o​​w​s​e​​r​/​v​​i​e​w​/​​s​d​​g​_​0​​3​_​2​​0​_​
_​c​​u​s​​t​o​m​​_​1​0​​9​6​4​0​​4​9​​/​d​e​f​a​u​l​t​/​t​a​b​l​e​?​l​a​n​g​=​e​n. Accessed 29 March 2024.

55.	 Eurostat. Healthy life years at birth by sex. 2024d. ​h​t​t​p​​s​:​/​​/​e​c​.​​e​u​​r​o​p​​a​.​e​​u​/​e​u​​r​o​​s​t​
a​​t​/​d​​a​t​a​b​​r​o​​w​s​e​​r​/​v​​i​e​w​/​​t​p​​s​0​0​​1​5​0​​_​_​c​u​​s​t​​o​m​_​​1​0​9​​6​4​0​5​​3​/​​d​e​f​a​u​l​t​/​t​a​b​l​e​?​l​a​n​g​=​e​n. 
Accessed 29 March 2024.

56.	 Eurostat. Healthy life years at age 65. 2024e. ​h​t​t​p​​s​:​/​​/​e​c​.​​e​u​​r​o​p​​a​.​e​​u​/​e​u​​r​o​​s​t​a​​t​/​d​​
a​t​a​b​​r​o​​w​s​e​​r​/​v​​i​e​w​/​​t​e​​p​s​r​​_​s​p​​3​2​0​_​​_​c​​u​s​t​​o​m​_​​1​0​9​6​​4​0​​5​1​/​d​e​f​a​u​l​t​/​t​a​b​l​e​?​l​a​n​g​=​e​n. 
Accessed 29 March 2024.

57.	 European Commission. The Digital Economy and Society Index (DESI). 2024. ​
h​t​t​p​​s​:​/​​/​d​i​g​​i​t​​a​l​-​​s​t​r​​a​t​e​g​​y​.​​e​c​.​​e​u​r​​o​p​a​.​​e​u​​/​e​n​/​p​o​l​i​c​i​e​s​/​d​e​s​i. Accessed 29 March 
2024.

58.	 Sachs D, Lafortune G, Fuller G. Online database for the Sustainable Develop-
ment Report. 2024. ​h​t​t​p​​s​:​/​​/​d​a​s​​h​b​​o​a​r​​d​s​.​​s​d​g​i​​n​d​​e​x​.​​o​r​g​​/​s​t​a​​t​i​​c​/​d​​o​w​n​​l​o​a​d​​s​/​​f​i​l​​e​s​/​​
S​D​R​2​​0​2​​4​-​d​a​t​a​.​x​l​s​x. Accessed 14 Nov 2024.

59.	 Ringle CM, Wende S, Becker J-M. SmartPLS 4. Monheim am Rhein, Germany: 
SmartPLS. 2024. https://www.smartpls.com. Accessed 2 April 2024.

60.	 Hair JF, Hult GTM, Ringle CM, Sarstedt MA. Primer on partial least squares 
structural equation modeling (PLS-SEM). 2nd ed. Thousand Oaks, CA, USA: 
Sage; 2017.

61.	 Kline RB. Principles and practice of structural equation modeling. 4th ed. New 
York, NY: The Guilford Press; 2016.

62.	 Dash G, Paul J. CB-SEM vs. PLS-SEM methods for research in social sciences 
and technology forecasting. Technol Forecast Soc Chang. 2021;173:121092. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​t​e​​c​h​f​​o​r​e​.​​2​0​​2​1​.​1​2​1​0​9​2.

63.	 Garson D. Partial least squares (PLS-SEM). Garson, D. Partial least squares 
(PLS-SEM). ​h​t​t​p​​s​:​/​​/​w​w​w​​.​s​​m​a​r​​t​p​l​​s​.​c​o​​m​/​​r​e​s​​o​u​r​​c​e​s​/​​e​b​​o​o​k​_​o​n​_​p​l​s​-​s​e​m​.​p​d​f. 
Accessed 2 Apr 2024.

64.	 PennState, Eberly College of Science. (2024). Agglomerative Hierarchical Clus-
tering. 2024. ​h​t​t​p​​s​:​/​​/​o​n​l​​i​n​​e​.​s​​t​a​t​​.​p​s​u​​.​e​​d​u​/​​s​t​a​​t​5​0​5​​/​l​​e​s​s​o​n​/​1​4​/​1​4​.​4. Accessed 04 
Apr 2024.

65.	 Hu Y, Li K, Meng A. Agglomerative Hierarchical Clustering Using Ward 
Linkage. 2024. ​h​t​t​p​​s​:​/​​/​j​b​h​​e​n​​d​e​r​​.​g​i​​t​h​u​b​​.​i​​o​/​S​​t​a​t​​s​5​0​6​​/​F​​1​8​/​G​P​/​G​r​o​u​p​1​0​.​h​t​m​l. 
Accessed 5 Apr 2024.

66.	 Kim HK, Lee CW. Relationships among healthcare digitalization, social capital, 
and supply chain performance in the healthcare manufacturing industry. Int 
J Environ Res Public Health. 2021;18:1417. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​i​​j​e​r​p​h​1​8​0​4​
1​4​1​7.

67.	 Gagnon M-P, Ngangue P, Payne-Gagnon J, Desmartis M. m-Health adop-
tion by healthcare professionals: A systematic review. J Am Med Inf Assoc. 
2016;23:212–20. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​3​​/​j​​a​m​i​a​/​o​c​v​0​5​2.

68.	 Attila SZ, Miklos S, Tamas P, Viktoria S, Tamas J. Global and National overview 
of the digital health ecosystem. Inf Tarsad. 2021;21:47–66. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​
2​5​0​​3​/​​i​n​f​​t​a​r​​s​.​X​X​​I​.​​2​0​2​1​.​3​.​3.

69.	 Liu Z, Shi Y, Yang B. Open innovation in times of crisis: an overview of the 
healthcare sector in response to the COVID-19 pandemic. J Open Innov 
Technol Mark Complex. 2022;8:21. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​j​​o​i​t​m​c​8​0​1​0​0​2​1.

70.	 Krasuska M, Williams R, Sheikh A, Franklin B, Hinder S, TheNguyen H, Lane 
W, Mozaffar H, Mason K, Eason S, et al. Driving digital health transformation 
in hospitals: A formative qualitative evaluation of the english global digital 
exemplar programme. BMJ Health CARE Inf. 2021. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​/​b​​
m​j​h​c​i​-​2​0​2​1​-​1​0​0​4​2​9.

71.	 Mishra A, Gowrav MP, Balamuralidhara V, Reddy KS. Health in digital world: A 
regulatory overview in united States. J Pharm Res Int. 2021;33:438–50. ​h​t​t​p​s​:​​​/​​
/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​9​7​​​3​4​​/​j​​​p​r​i​/​​2​​0​2​​1​/​​v​3​3​i​4​3​B​3​2​5​7​3.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1007/s40685-020-00125-x
https://doi.org/10.1177/2055207618759168
https://doi.org/10.1177/2055207618759168
https://doi.org/10.1016/j.jacc.2018.03.523
https://doi.org/10.1016/j.jclepro.2020.122204
https://doi.org/10.1016/j.resconrec.2020.104882
https://sdgs.un.org/goals
https://doi.org/10.3390/su142013566
https://doi.org/10.3389/fpubh.2021.728287
https://ec.europa.eu/eurostat/databrowser/view/tps00214__custom_10964038/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/tps00214__custom_10964038/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/tps00207__custom_10964042/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/tps00207__custom_10964042/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/sdg_03_20__custom_10964049/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/sdg_03_20__custom_10964049/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/tps00150__custom_10964053/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/tps00150__custom_10964053/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/tepsr_sp320__custom_10964051/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/tepsr_sp320__custom_10964051/default/table?lang=en
https://digital-strategy.ec.europa.eu/en/policies/desi
https://digital-strategy.ec.europa.eu/en/policies/desi
https://dashboards.sdgindex.org/static/downloads/files/SDR2024-data.xlsx
https://dashboards.sdgindex.org/static/downloads/files/SDR2024-data.xlsx
https://www.smartpls.com
https://doi.org/10.1016/j.techfore.2021.121092
https://doi.org/10.1016/j.techfore.2021.121092
https://www.smartpls.com/resources/ebook_on_pls-sem.pdf
https://online.stat.psu.edu/stat505/lesson/14/14.4
https://jbhender.github.io/Stats506/F18/GP/Group10.html
https://doi.org/10.3390/ijerph18041417
https://doi.org/10.3390/ijerph18041417
https://doi.org/10.1093/jamia/ocv052
https://doi.org/10.22503/inftars.XXI.2021.3.3
https://doi.org/10.22503/inftars.XXI.2021.3.3
https://doi.org/10.3390/joitmc8010021
https://doi.org/10.1136/bmjhci-2021-100429
https://doi.org/10.1136/bmjhci-2021-100429
https://doi.org/10.9734/jpri/2021/v33i43B32573
https://doi.org/10.9734/jpri/2021/v33i43B32573

	﻿Health status in the era of digital transformation and sustainable economic development
	﻿Abstract
	﻿Introduction
	﻿Literature review and hypotheses development
	﻿Digital transformation in healthcare
	﻿The importance of healthcare expenditures for population well-being and economic development
	﻿Sustainability of healthcare systems undergoing digital transformation

	﻿Research methodology
	﻿Results
	﻿Discussion
	﻿Limitations and further research

	﻿Conclusions
	﻿﻿Policy implications
	﻿Managerial implications

	﻿Appendix
	﻿References


