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Introduction. eHealth applications have the potential to provide new integrated care services to patients with multimorbidity (MM),
also supporting multidisciplinary care. The aim of this paper is to explore how widely eHealth tools have been currently adopted in
integrated care programs for (older) people with MM in European countries, including benefits and barriers concerning their
adoption, according to some basic health system characteristics. Materials and Methods. In 2014, in the framework of the
ICARE4EU project, expert organizations in 24 European countries identified 101 integrated care programs. Managers of the
selected programs completed an online questionnaire on several dimensions, including the use of eHealth. We analyzed data
from this questionnaire, in addition to qualitative information from six innovative programs which were studied in depth
through case study methodology, according to characteristics of national health systems: a national health model (financing
system), overall strength of primary care (PC) (structure/service delivery process), and level of (de)centralization of health
system (executive powers in a country). Results. 85 programs (out of 101) adopted at least one eHealth tool, and 42 of these
targeted explicitly older people. In most cases, Electronic Health Records (EHRs) were used and some benefits emerged like
improved care management and integration, although inadequate funding mechanisms represented a major barrier. The
analysis by health system characteristics showed a greater adoption of eHealth applications in decentralized countries, in
countries with a National Health Service (NHS) model, and in countries with a strong/medium level of PC development.
Conclusions. Although in the light of some limitations, findings indicate a relation between implementation of care programs
using eHealth tools and basic characteristics of health systems, with decentralization of a health system, NHS model, and
strong/medium PC having a key role. However adaptations of European health systems seem necessary, in order to provide a
more innovative and integrated care.

1. Introduction

Chronic diseases—like cardiovascular diseases, diabetes,
cancer, and chronic respiratory diseases—represent the main
cause of functional impairment and mortality in many coun-
tries [1], with 85% of related deaths in Europe [2]. Moreover,
in the European region, about 70-80% of healthcare budgets
are spent on chronic diseases [3], of which 97% on treatment
and only 3% in prevention [4]. A great number of people
(about 50 million) are also suffering from multimorbidity
(MM) that is defined as any cooccurrence of multiple chronic

conditions (MCCs) within one person [5]. MM prevalence is
high especially among older people, with around 60% of
patients aged 65+ [1, 6] and 82% aged 85+ years [7] living
with MCCs. Furthermore, MM estimates vary across coun-
tries. Nielsen and colleagues [8] found the lowest MM prev-
alence of about 26% in Northern Europe and, the highest
one, about 35%, in Central and Eastern Europe. A previous
study also found a higher prevalence of MCCs in Eastern
European countries compared with those in theWestern area
[9]. MM estimates in older adults also vary according to the
different data sources [10].
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National health systems in Europe still approach the
complex health and social care needs of patients with MM
focusing on traditional single-disease-oriented care pro-
grams, running mostly at a local level and without wider
coordination [1, 11]. A new organization of care seems
needed for addressing appropriately the challenge of MM,
which requires proactive integrated initiatives, especially for
older people [12]. In this respect, eHealth solutions—i.e.,
the application of innovative Information and Communica-
tion Technologies (ICTs) in the healthcare sector [13]—have
the potential to provide new tailored integrated care services
to patients with MM, also supporting patient centeredness,
self-management, and multidisciplinary care [14, 15]. In fact,
eHealth tools can offer to patients with MM relevant
improvements for accessing personalized healthcare services
and can enable new opportunities for treatment, rehabilita-
tion, and maintaining healthy lifestyles and well-being [16].
The “promise” of eHealth is thus almost comprehensive, with
better quality services and more efficient and effective care
[17]. eHealth and information systems also can improve
quality of available health data, in order to better assess effi-
ciency of care itself [18].

In particular, the adoption of ICTs in health services
and processes can innovate the provision of care at dis-
tance [19, 20], especially useful for older people living in
the community [21, 22]. ICT has also been identified as a cru-
cial enabler for supporting information sharing across health
professionals [23, 24]. Some authors [25, 26] highlighted
indeed that MM is associated with a more intense use of
eHealth for information and communication purposes
regarding health-related services.

The European Commission has supported member states
in developing their eHealth strategies for more than a decade.
This process started with the first Action Plan eEurope 2002
that contributed to promote awareness and implementation
strategies of eHealth across Europe [27] and continued with
the eHealth Action Plan 2012-2020 [28]. The latter put issues
of chronic care and MM as policy priorities at a European
level, aimed at utilizing eHealth for improving chronic dis-
eases and MM management and prevention, with a crucial
role in structural reforms which are necessary to ensure
the sustainability of health systems. Previous European
policies focused mainly on stimulating the general imple-
mentation of electronic health records (EHRs) and health
information networks, in order to improve health data
exchange between different care providers and nations [29].
The recent Communication from the European Commission
[30], on enabling the digital transformation of health and
care in the European Union’s Digital Single Market, in par-
ticular highlights personalized medicine, citizen empower-
ment, and secure/safe access to electronic data as priorities
of eHealth.

Nevertheless, eHealth tool implementation in Europe is
not yet widespread. In most European countries, they have
been somehow adopted by health systems but are not yet
included in integrated care programs for patients with MM.
In particular, we have a greater use of patient’s EHRs [31].
A survey carried out in 31 European countries [32] showed
that 93% of general practitioners (GPs) reported having an

EHR system, although doubts on privacy and confidentiality
of electronic health information prevent some GPs from uti-
lizing such a tool. Literature also highlights that EHRs have a
peculiar relevance to MM given that they allow healthcare
providers to access electronic clinical information of patients
with MM, which are characterized by multiple care pro-
viders, various health conditions and medical diagnoses,
and potential drugs interactions [1, 25]. Currently, many
countries have provided patient access to their EHRs, but leg-
islations and policies regulating this right are greatly variable
within nations [33]. Besides EHRs, across Europe, we find
also the use of remote monitoring and consultation by means
of telehealth services [34, 35], independent living solutions
(e.g., assistive and ambient intelligence technologies) [36],
and support for the family carers, especially of older people
[37, 38]. A more recent survey on the global status of eHealth
in theWHO European Region [39] reported that 70% of cov-
ered countries have a national eHealth policy, 59% have a
national EHR system, and 80% have a national legislation
protecting the privacy of EHRs.

The use of eHealth tools seems to show several potential
benefits to patients with MM [31, 38], at the organizational
level (e.g., better coordination/integration between profes-
sionals) and at the individual level (e.g., better monitoring
of care, patient empowerment, and adherence to treatments).
Some evidences [4] in particular indicated that inclusion of
eHealth tools in integrated approaches has the potential to
increase safety and quality of care for patients, by providing
continuity across health and social services. However, there
are various potential barriers hampering the implementation
of eHealth technologies targeting people with MM [36, 40],
such as lack of legislative regimes, lack of dedicated/adequate
funding, limited privacy/ethics policies, and low adequate
ICT infrastructures; also, cultural resistance to adopt tech-
nology both by patients and professionals [14], and lack of
interoperability between eHealth applications [41] represent
further barriers.

Although access to and use of digital technologies by
patients are improving across Europe, national contexts
are still rather different in terms of availability of ICT infra-
structures, services, and skills among populations [29, 42].
Regarding geographical differences in adopting eHealth
technologies, on the whole, we find the greatest use in
Nordic countries (e.g., Denmark, Norway, Finland, and
Sweden), whereas Southern and Eastern Europe include
the lesser performing countries, with some exceptions,
e.g., Spain [43, 44]. In particular, Denmark is the most
advanced country in terms of eHealth adoption, with almost
all doctors using electronic transfer of data and online
exchange of patients’ health data (91% of doctors exchanging
EHRs, against 34% on average in other countries). Regarding
on line appointments with health care practitioners, in 2016,
this regarded 13% of EU residents, with 49% in Denmark,
35% in Finland, and 30% in Spain [45]. The Digital Economy
and Society Index (DESI) [46] also indicates Finland and
Denmark as high performing European countries with
regard to eHealth in public service dimension.

The implementation of eHealth in European countries
seems particularly depending on characteristics of health
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systems, which are defined by WHO ([39], p. 96) as “the
ensemble of all public and private organizations, institutions
and resources mandated to improve, maintain or restore
health”. In this respect, Codagnone and Lupiañez-
Villanueva [32] suggested that the context of the national
health models represents a crucial aspect. Specifically,
these authors identified three models of health system
financing in Europe: the National Health Service (NHS),
funded primarily by taxation; the Social Insurance System
(SIS), funded through social insurance schemes; and the
Transition Country (TC) system, usual in those Centre-
Eastern European countries with postsocialist welfare sys-
tem that joined the European Union in 2004-2007, which
have still health systems in transition. A significant posi-
tive relation between high adoption rates of eHealth and
the NHS model was found previously [32]. This result
was further confirmed by Brennan and colleagues [47]
with regard to the adoption of ePrescriptions (i.e., elec-
tronic drug prescription) in primary care (PC). They also
found that the highest adoption rates occur in countries
mainly belonging to the Nordic area and with the NHS
model, whereas most of SIS and TC countries were in
the middle/lower ranks. These results are also consistent
with those regarding the wider implementation of eHealth
in Europe, i.e., the NHS countries scored higher on the
overall index [32, 47].

Moreover, a strong PC development (e.g., with strong
service delivery process and structure) [48] seems linked to
the growing possibilities of technology [49]. PC is indeed
the first “entry-point” to the health system in many European
countries, with a crucial role in coordinating patients
throughout the different health settings [50], and a condition
for its efficient work is the use of ICT. Living in countries
with a strong PC system is in turn beneficial to people with
MM [51], as the principles of PC—e.g., continuous, compre-
hensive, and coordinated care—may fit their needs in a better
way [52, 53].

Furthermore, the level of (de)centralization of health sys-
tems, at a national or regional/local level of decision making
and executive powers in a country, might impact the adop-
tion of eHealth initiatives in different countries [54, 55]. In
this respect, Saltman and colleagues [56] reported some
positive outcomes regarding decentralized health systems,
including increased capacity to innovate service delivery,
with increased autonomy of local governments/institutions.
Moreover, in countries where the responsibility for the
provision of healthcare is decentralized, positive strategy
documents regarding eHealth have been published by
regional authorities [57]. Furthermore, different types of
MM care practices may also be found in centralized and
decentralized health systems [52]. Some authors also report
that inequalities in ICT use are related not only to inequal-
ities in individual social structures (e.g., sociodemographic,
economic, and health variables) but also to macrosocial var-
iables and welfare systems, e.g., economic, political, and
social characteristics and public policies of the respective
countries [58, 59].

The organization of a country’s health care system can
thus significantly impact eHealth diffusion [60]. Health sys-

tems represent the outcomes of health policy decisions,
which in turn indicate the interrelationship between health-
care systems and health policy actors [61]. Regarding the
selection of appropriate indicators to analyze health systems,
Gauld [62] and Reibling [63] suggested, among others, the
dimensions of “information technology” and “medical tech-
nology”, respectively.

On the basis of these considerations, the aim of this
paper is to explore how widely eHealth tools have been
currently adopted in integrated care programs for people
with MM in Europe, according to three characteristics of
health systems: the type of national health model (NHS,
SIS, and TC), strength of PC development (strong,
medium, and weak), and level of (de)centralization of a
health system. We use this approach in order to explore
whether eHealth is more adopted in countries with partic-
ular health system characteristics. Torrent-Sellens and col-
leagues ([64], p. 14) also put in evidence the need for
“more in-depth research to be conducted into the link
between eHealth usage and predictors, and the different
health care systems in Europe”. We expect to find a
greater implementation of programs with eHealth solu-
tions in decentralized countries than centralized, with a
strong PC than low, and with a NHS model than SIS
and TC. Our research questions are thus the following:

(i) What types of integrated care programs for MM
adopting eHealth have been adopted in (groups of)
European countries, according to basic characteris-
tics of health systems (national health model,
strength of PC, and centralized/decentralized health
system)?

(ii) What categories of eHealth tools have been adopted
in the integrated care programs, according to basic
characteristics of health systems?

(iii) What benefits/barriers of eHealth tools emerged in
the integrated care programs, according to basic
characteristics of health systems?

The responses to these questions might also suggest
options/implications which could be of help for policy
makers in facilitating the use/development of eHealth tech-
nologies within integrated care across different European
health systems.

2. Materials and Methods

The care programs which are analyzed in this paper come
from the Project “Innovating Care for People with Multiple
Chronic Conditions in Europe” (ICARE4EU). This project
(2013-2016) mapped innovative and integrated care
approaches for people with MCCs, which have been imple-
mented in 31 European countries, with the aim to increase
and disseminate knowledge of European integrated care
programs addressing MM. Below, information on materials
and methods is reported. A more detailed description of
these aspects is provided elsewhere [52, 65, 66].
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2.1. Inclusion Criteria of the Programs. Programs were
considered for inclusion in the survey when meeting the
following criteria:

(i) Targeting adult people (aged 18 and older) with
MM, defined as two or more medically diagnosed
chronic or long-lasting (at least six months) diseases,
of which at least one has a (primarily) somatic/-
physical nature

(ii) Including formalized collaborations between at least
two services

(iii) Involving one or more medical services

(iv) Being evaluable/evaluated

(v) Being, at the time of the survey (i.e., 2014), running,
or finished in the previous 24 months, or starting
within the following 12 months

2.2. Data Collection. Information on programs was collected
with the support of expert organizations/program managers
in each of the 31 countries of the European region included
in the study. A list of potential country experts—with exper-
tise on MM care and who can provide reliable information
on innovative, multidisciplinary care approaches/programs
for people with MCCs—was constructed for each country.
They were asked to identify existing integrated care initia-
tives at a national/regional/local level focusing on MM and
to report the related information by filling in an online ques-
tionnaire for each eligible program, also with the collabora-
tion of their expert network and program managers/leaders.
The online questionnaire was available in eleven languages
and contained general questions (e.g., information on the tar-
get group of patients, main objectives and diseases addressed
by the program, and quality and evaluation of the program)
and specific aspects of MM care: patient centeredness, man-
agement practices and professional competencies, financing
mechanisms, and use of eHealth technologies eventually
adopted within the programs. According to these inclusion
criteria, the country experts identified 101 programs on the
whole, of which 85 are using at least one eHealth tool, from
24 European countries (out of 31 countries surveyed).

Moreover, eight good practices (or High Potential
Programs (HPPs)) were selected for a more in-depth analysis,
including site visits for qualitative data collection. For this
purpose, the project team scored the 101 programs againstfive
dimensions (general score, e.g., aim of the program, its
strengths and weaknesses; level of patient centeredness; level
of integration of care; innovativeness in financing mecha-
nisms; and use of eHealth technologies) and thus, they identi-
fied the “top” eightHPPs to be further explored as case studies.
These programs were operational in Belgium, Bulgaria,
Cyprus, Denmark, Germany, Finland, the Netherlands, and
Spain. Site visits were organized to study more in depth
organizations, integrated care programs, ordinary activities,
and relationships. Information was gathered by interviewing
program managers and key care professionals from various
disciplines/services, by using a topic guide-questionnaire
in addition to relevant program documents if available

(e.g., interim or final reports, program evaluations). The
results of these visits were edited following a common tem-
plate and are described in eight case reports that were pub-
lished on the ICARE4EU website (http://www.icare4eu
.org). For this paper, we only analysed information from
the six (out of eight) HPPs that include aspects of eHealth.

For this paper, we also gathered information on health
system characteristics of (groups of) countries which were
included in the survey, such as national health models, (over-
all) strength of PC, and level of (de)centralization of health
system. These aspects are detailed better below (Measures).

2.3. Ethical Aspects of the Study. In order to carry out the
ICARE4EU study, no ethical approval was requested, given
that there were no issues concerning privacy and anonymity
of respondents. We provided indeed a protected web survey
(by setting individual access credentials) to collect secondary
data already available to country experts/managers and staff
of integrated care programs for people with MM, without
approaching patients or/and their caregivers. We thus col-
lected various data only on the programs and not regarding
personal/clinical/sensitive issues on patients and family
carers. We signed anyway a written agreement with these
experts/managers regarding the aim of the project and the
dissemination of the anonymous/confidential data collected.
Regarding the site visits to selected initiatives, all interviews
were conducted by members of the ICARE4EU project team
and were administered to experts/managers/leaders of the
care programs. Also in this respect, only general (nonconfi-
dential and nonpersonal) data on the programs was collected.
Patients and their family caregivers were not approached by
the project team. We signed a further written agreement with
all these interviewees regarding the aim of the site visit, the
consent to tape recording the interviews, and to publish the
related case reports once validated and approved (including
the name of the eight selected programs).

2.4. Measures. Our study firstly identified some general
characteristics of care programs such as main objectives (e.g.,
increasing multidisciplinary collaboration, improving patient
involvement), organizations involved (e.g., PC, general hospi-
tal), care providers involved (e.g., GP, medical specialist),
integration level (e.g., small scale program, well-established
program), operational level (e.g., policy/management, daily
patient care), adoption level (e.g., local, regional, and national),
geographical coverage (e.g., rural, urban), and types of care and
support provided by programs (e.g., medical care, nursing care).

Our study then identified four categories of eHealth
applications according to their main functions and
adopted a classification by adapting key elements of the
conceptual framework from the Chronic Care Model
(CCM) and the eHealth Enhanced Chronic Care Model
(eCCM) [29, 65, 67]. The four types of eHealth we identified
are ICT tools for

(i) Remote Consultation,Monitoring, and Care: regard-
ing remote/at distance interaction between patients
and health professionals, e.g., consultations/visits
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by telehealth/telecare/telemedicine, online clinical
appointments, and ePrescriptions

(ii) Self-Management: regarding health advice and
reminders used by patients to live more indepen-
dently and with improved ability to self-care, e.g.,
computers, tablets, mHealth, and wearable devices/-
assistive technologies

(iii) Healthcare Management: for improving the inte-
gration/communication, quality/efficiency of care
processes within/between care providers, e.g.,
EHRs and health information systems on individ-
uals shared between professionals; Personal Health
Records (PHRs) managed by patients; and eRefer-
ral systems

(iv) Health Data Analytics: systems for analysing clinical
data/evidences regarding patients for prevention,
monitoring, and treatment purposes, e.g., online
decision supports used by health professionals for
clinical decision making

Moreover, opinions (agreement vs. disagreement) on
potential benefits (improving quality of care, quality of life
of patients enrolled, integration/management of care, and
cost efficiency) and barriers (inadequate legislative framework,
funding, ICT infrastructures, and technical-ICT support; lack
of skills and cultural resistance among care providers and
patients; uncertainty about cost efficiency; compatibility/-
interoperability between different eHealth tools; and privacy/-
security issues) were addressed, as they were perceived by
expert organizations/program managers.

In order to explore all the abovementioned aspects
regarding programs adopting eHealth, according to basic
information on health system characteristics of (groups of)
24 countries where integrated care programs were identified,
the following dimensions were included (see Table S1 in the
Supplementary Materials for more details on health system
characteristics and countries/groups of countries):

(i) National health model: this classification is based on
Codagnone and Lupiañez-Villanueva [32], concern-
ing a WHO study measuring progress in eHealth
adoption by GPs between 2007 and 2013. It distin-
guished countries with regard to their financing sys-
tem of health care, as follows (and as already
anticipated in Introduction of this paper): NHS
(funded primarily by taxation), SIS (funded through
social insurance schemes), and TC (including for-
mer Eastern Bloc countries with health systems in
transition). This classification was further used by
Brennan and colleagues [47], with specific regard
to eHealth adoption

(ii) (Overall) strength of PC: this classification is based
on Kringos and colleagues [49, 68] and Detollenaere
and colleagues [50] who analyzed data from 2009
to 2010. These data were collected as part of the
European Union-funded project “Primary Health

Care Activity Monitor for Europe - PHAMEU
study”. In particular, Detollenaere et al. [50] based
his own study on the framework (selection of the
indicators, data collection, and calculation of the
scales) described by Kringos and colleagues [49,
68], who distinguished countries with regard to
strength (strong, medium, and weak) of their PC.
Data included information/subdimensions on both
PC structure (governance, e.g., policy implementa-
tion; economic conditions, e.g., expenditure/incen-
tives systems; and workforce development, e.g.,
profile of professionals providing PC) and PC service
delivery processes (accessibility, e.g., geographical
distributionof services; comprehensiveness, e.g., avail-
able medical equipment; continuity, e.g., patient-GP
relationship; coordination, e.g., gatekeeping role for
GPs; and teamwork). Different combinations/deve-
lopments of these indicators/dimensions correspond
to/measure different degrees in the strength of PC
between countries. For this paper, we considered the
overall strength of PC

(iii) Level of (de)centralization of health system: this
classification is based on WHO, Health System in
Transition series (years from 2008 to 2013) [69],
and it distinguished countries with centralized
health systems (most of the responsibilities lie with
the central government) vs. decentralized systems
(management systems whose regulation, operation,
and also cofunding are delegated to regional author-
ities or states), as level of decision making and exec-
utive powers in a country [52]. This classification
was derived from descriptive data in countries’ latest
Health System Review (in 2013, i.e., year when the
ICARE4EU project was initiated).

2.5. Data Analysis. We have firstly analyzed the 101 inte-
grated care programs targeting people with MM, using
descriptive/quantitative frequency distribution, with regard
to both their adoption of eHealth tools (at least one) and
related distribution in 24 European countries. Then, we
analyzed the bivariate relations between some aspects of
programs adopting at least one eHealth tool—general
characteristics, type of eHealth tools used, and (reported)
potential benefits and barriers—and health system charac-
teristics of respective groups of countries. For this purpose,
we grouped the 24 European countries (where integrated
care programs were identified) according to the country
dimensions mentioned above, i.e., national health model,
strength of PC, and level of (de)centralization of health
system. We further grouped SIS and TC countries, in
order to analyze programs in countries (predominantly)
tax based vs. insurance based/mixed [52]. Moreover, we
further grouped countries with strong/medium PC, in
order to analyze them vs. countries with a weak PC sys-
tem. The aim itself of the related PHAMEU study (cited
above as basic framework for PC systems) was indeed to
explore if “countries with relatively strong primary care have
better overall health care system outcomes compared to
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countries with relatively weak primary care” ([49], p. 114).
We thus decided to have only two groups of countries regard-
ing the strength of PC, by integrating data on overall medium
PC with data on overall strong PC, i.e., with the group of
countries with the higher number of integrated care pro-
grams adopting eHealth in our study (Table 1).

It should be specified that in our analysis, the three health
system characteristics are considered separately, without
including a potential multidimensional relation between
them. Anyway, additional analyses (data not shown in
Tables) showed that out of 85 care programs with eHealth,
46 were implemented in decentralized countries with
strong/medium PC too, and, among these, 37 were identified
where NHS models were operating, whereas 22 programs
were implemented in centralized countries with weak PC
too, and, among these, 19 were however identified where
NHS models were operating. Quantitative analyses were car-
ried out with the statistical software SPSS 23.0. Bivariate anal-
yses were performed by means of a χ2 test (chi-squared). The
significance level for all analyses was set at p ≤ 0:05 (bold
values within the Tables).

As a second step, we gathered/analyzed qualitative infor-
mation from six site visits to HPPs adopting eHealth. For this
purpose, we classified also the six good practices with regard
to the abovementioned health system characteristics of the
respective countries. Then, we provided additional insights
with regard to benefits and barriers for using eHealth tools
which were reported by program managers/other health pro-
fessionals and referred to their ordinary/routinary care deliv-
ery to people with MM. The qualitative data analysis was
performed by using a manual coding process [70], leading
to conventional content analysis [71].

3. Results

3.1. Integrated Care Practices/Programs Using eHealth
Applications in European Countries. Among 101 programs
identified in 24 countries by the ICARE4EU project, 85
included the use of at least one eHealth tool (Figure 1),
and of these, 42 targeted specifically older people aged 65+.
The highest numbers of programs with eHealth adoption
were identified in Spain (15); Greece, Iceland, and Germany
(7 in each country); Italy (6); and Finland (5). In seven coun-
tries (e.g., Portugal, Slovenia, and Latvia), only one program
using at least one eHealth tool was found. A more detailed
description of general findings is reported in other publica-
tions [29, 65].

3.2. Number of Programs Using at Least One eHeath Tool
and Health System Characteristics. As reported in
Table 1, adoption of at least one eHealth tool in the pro-
grams, by health system characteristics, such as the
national health model, strength of PC, and (de)centraliza-
tion level of health system, showed on the whole a greater
implementation (of programs) in decentralized countries
(60%), in countries with a NHS model (68%), and also
in countries with a strong/medium PC (67%: 42% strong
and 25% medium). In this respect, there are no significant
differences between all programs for adult people aged 18+
and those with explicit focus on older people aged 65+
(Table 1). For this reason, the analyses which follow will
target all 85 programs using technological care solutions.
Anyway, we provide also some general insights on older
people when relevant.

Table 1: Programs adopting at least one eHeath tool by health system characteristics of countries (% of programs)a.

Health system characteristics All programs % (n)
With explicit focus on older

people 65+ % (n)
p value

National health modelb N = 84 N = 42 0.483e

National Health Service (NHS) 67.9 (57) 71.4 (30)

Social Insurance System/Transition Countries (SIS/TC) 32.1 (27) 28.6 (12)

SIS 21.4 (18) 16.7 (7)

TC 10.7 (9) 11.9 (5)

Strength of primary care (PC)c N = 83 N = 42 0.531e

Strong/medium 67.5 (56) 64.3 (27)

Strong 42.2 (35) 40.5 (17)

Medium 25.3 (21) 23.8 (10)

Weak 32.5 (27) 35.7 (15)

Level of (de)centralization of health systemd N = 85 N = 42 0.595

Decentralized 60.0 (51) 57.1 (24)

Centralized 40.0 (34) 42.9 (18)
aFor details on countries of each group cfr. Measures section and Appendix A Table S1 (as Supplementary material) in this paper. bDetermined in 2007/2013,
based on Codagnone and Lupiañez-Villanueva, 2013 [32], and Brennan and colleagues, 2015 [47]. Data on Switzerland (i.e., regarding one program with
eHealth) is not included, given that this country was not classified by Codagnone and Brennan. cDetermined in 2009/2010, based on Kringos and
colleagues, 2013 [68], and Detollenaere and colleagues, 2017 [50]. Data on Croatia (i.e., regarding two programs with eHealth) is not included, given that
this country was not classified by Kringos and Detollenaere. dDerived from descriptive data in countries’ latest (in 2013, year when the ICARE4EU project
was initiated) health system review published in the WHO, Health System in Transition series (years from 2008 to 2013) [69]. ep values regard the
integrated classification SIS/TC and strong/medium PC.
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3.3. General Aspects of Programs Using at Least One eHeath
Tool and Health System Characteristics. With regard to
general aspects of programs (Table 2), the main significant
objectives were increasing multidisciplinary collaboration
(85% overall, 91% in countries with strong/medium PC,
p = 0:039) and improving care coordination (72% overall,
79% in countries with NHS, p = 0:027; 82% in countries
with strong/medium PC, p = 0:004). Main organizations
and care providers significantly involved were, respectively,
PC (71%) and GPs (80%) and both in programs which
were identified in decentralized and SIS/TC countries, with
strong/medium PC.

Other less involved providers, e.g., districts/community
nurses and home helps, showed greater significant rates in
countries with strong/medium PC, whereas hospital/specia-
lized nurses and physiotherapist/exercise therapist showed
greater significant rates in countries with NHS. Among
mapped programs, 62% operated both at policy/managerial
and patient level, and this regarded 75% of those found in
countries with strong/medium PC (p = 0:001). Initiatives
were on the whole implemented mainly regionally/locally
(78%), and few of them showed a national/international
dimension (22%). In this respect, significant differences
emerged with regard to the strength of PC and level of
(de)centralization. On the whole, the mapped programs
adopting eHealth were mainly local and/or regional, and
these with greater intake in decentralized countries and with
strong/medium PC. Conversely, programs adopting eHealth
were mainly implemented nationally/internationally in cen-
tralized countries and with weak PC (p = 0:001).

Finally, the main types of care/support for MM patients
addressed by the programs were medical care (79%) and pre-

vention (68%), without significant differences regarding
health system characteristics. Less addressed types of care
and support provided by the programs were significantly
mainly provided in countries with NHS (74% for nursing
care, p = 0:022), decentralized countries (73% for adherence
to medication, p = 0:034), and countries with strong/medium
PC (71% for coordination of medical services, p = 0:039).

3.4. Categories of eHealth Tools Adopted in the Programs and
Health System Characteristics

3.4.1. Healthcare Management (Communications between
Providers). With regard to categories of eHealth tools
adopted in the programs (Table 3), all programs used at least
one eHealth tool of this group. Within this group, we also
found the three most used eHealth applications, e.g., EHRs
(71%), registration databases with patients’ health data that
can support decision making (about 64%), and digital com-
munication between care providers (47%), but with no signif-
icant differences concerning health system characteristics of
countries. Anyway, data showed that in particular EHRs were
mainly used in decentralized countries with NHS and
strong/medium PC, whereas EHRs were mainly planned in
centralized and SIS/TC countries, with weak PC. It has to
be highlighted (data not shown in Tables) that the three most
used eHealth applications mentioned above showed a slightly
higher intake among programs focusing on the elderly
(respectively, 76%, 67%, and 52%). Significant differences
regarding the greater use of eHealth, according to health sys-
tem characteristics of countries, were conversely found with
regard to the eHealth tool less adopted in the group Health-
care Management as follows: eReferral systems and electronic
reminders for providers (respectively, 41%, p = 0:048, and
35%, p = 0:036, in programs implemented in decentralized
countries) and PHRs (25%, p = 0:050, in programs imple-
mented in countries with strong/medium PC).

3.4.2. Remote Consultation, Monitoring, and Care
(Interaction between Patients and Health Professionals,
including ePrescription). On the whole, 68% of programs
used at least one tool of this group, and we found a greater
significant use of this entire group of applications in
decentralized than in centralized countries (respectively,
about 77% and 56%, p = 0:046). No further significant
values emerged with regard to health system characteristics
of countries.

3.4.3. Health Data Analytics (Systems for Analysing Clinical
Data of Patients). Among programs, 40% adopted one appli-
cation of this group, in particular computerized decision sup-
ports (35%). We found significant differences for the entire
group and for single eHealth applications included, with
regard to health system characteristics of countries, i.e.,
greater adoption in decentralized countries and in countries
with strong/medium PC.

3.4.4. Self-Management (of Patients to Live More
Independently). The eHealth solutions included in this group,
i.e., supporting self-management of patients (e.g., electronic
reminders and computerized tools), could be greatly
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Figure 1: Number of integrated care programs using at least one
eHealth tool by country (N = 85)a. aThe programs (on the whole
and using at least one eHealth tool) were identified in the following
24 European countries: Spain, Greece, Iceland, Germany, Italy,
Finland, The Netherlands, Denmark, Sweden, Luxembourg,
Bulgaria, Cyprus, Belgium, Croatia, Malta, Lithuania, Norway,
Ireland, England, Austria, Portugal, Slovenia, Latvia, and
Switzerland. No eligible program was identified in Romania, Czech
Republic, Hungary, Poland, Slovakia, and Estonia. Information on
French programs was incomplete and thus excluded from the
analysis.
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beneficial to meet the very complex health needs of patients
with MM. However, these tools are scarcely used by the pro-
grams and not yet widely adopted. The whole group of appli-
cations is indeed used by 39% of integrated care programs,
and in particular online decision supports were the least fre-
quently adopted tools (about 4%). Considering the character-
istics of health system of countries, only a significant
difference emerged with regard to the whole group of tools,
with programs adopting such applications being mainly
implemented in countries with NHS vs. SIS/TC (46% and
22%, p = 0:039).

3.5. Potential Benefits and Barriers of/for Adoption of eHealth
in the Programs and Health System Characteristics. Potential
benefits of using eHealth in the programs, as reported/per-
ceived by program managers, are reported in Table 4. On
the whole, 95% reported improvements in management of
care, 93% in care integration, and 86% in quality of care pro-
vided. No significant differences emerged with regard to
health system characteristics of countries. Benefits were also
reported, with slightly higher percentages, for programs tar-
geting the elderly (data not shown in Tables). Concerning
barriers hampering the use of eHealth tools in integrated care
programs, various significant differences among groups of
countries emerged, and in great part, they put in evidence a
worse generalized perception (greater rate of agreeing by pro-
gram mangers) in centralized countries and with weak PC,
regarding mainly inadequate funding (respectively, 87%,
p = 0:001, 83%, p = 0:011) and inadequate technical ICT
support (respectively, 78%, p = 0:004, 78%, p = 0:012). Fur-
ther (minor) significant barriers emerged again in centralized
countries (inadequate ICT infrastructure and lacking techno-
logical skills among patients) and with weak PC (inadequate
legislative framework). Regarding programs implemented in
SIS/TC countries, the lack of skills and resistance among pro-
viders, resistance by patients, and obstacles linked to privacy
issues emerged as significant barriers.

3.6. Insights from Case Studies of HPPs Adopting eHealth and
Health System Characteristics. The general results reported
above and regarding a greater implementation of integrated
care programs adopting eHealth in decentralized countries,
with NHS and strong/medium PC, and, conversely, a greater
perception of barriers hampering this adoption in centralized
and SIS/TC countries, with weak PC, are also confirmed by
qualitative information/data gathered during the site visits
of the HPPs we selected among the mapped programs. We
found indeed that (Table 5), among the six (out of eight)
HPPs using eHealth that we analysed for this paper, three ini-
tiatives were implemented in countries showing the three
health system characteristics mentioned above, such as
decentralized countries, with NHS, and with strong PC.
These programs are the following: the Clinic for Multimor-
bidity and Polypharmacy in Denmark [72], the POTKU pro-
ject (Putting the Patient in the Driver’s Seat in Finland [73],
and the Strategy for Chronic Care in the Valencia region in
Spain [74]. Regarding the other HPPs using eHealth, we also
noticed that when they are implemented in SIS countries, PC
is anyway strong/medium, i.e., the INCA program in The

Netherlands [75] and the Gesundes Kinzigtal program in
Germany [76]. Moreover, when the HPP is implemented in
a centralized country and with weak PC, the national health
model is anyway a NHS, i.e., the TeleRehabilitation program
in Cyprus [77].

Regarding qualitative information from site visits on bar-
riers for using eHealth in the programs (infos not shown and
drawn from the sources indicated in Table 5), we found some
issues confirming quantitative analyses. Inadequate funding,
that is the main obstacle in centralized countries and with
weak PC, emerged indeed in the TeleRehabilitation program
(in Cyprus). We also found resistance by patients to adopt
eHealth, i.e., a barrier indicated in particular with regard
to SIS countries, in the Gesundes Kinzigtal program (in
Germany), and lacking technological skills among patients,
another barrier indicated in particular with regard to central-
ized countries, in the INCA program (in The Netherlands).
Qualitative information from site visits on benefits of using
eHealth in the programs (infos not shown and again drawn
from the sources indicated in Table 5) also confirmed results
found in quantitative data (exposed above), such as a gener-
ally diffused perception of them among program managers,
independently from characteristics of health systems of
countries. We found indeed benefits reported in decentra-
lized countries, with NHS, with strong PC, as good coordina-
tion/integration of care due to the sharing of EHRs among
physicians and patients in the Clinic for Multimorbidity
and Polypharmacy, due to advanced decision support sys-
tems (DSSs) in the Strategy for Chronic Care and due to a
computerized decision support e-tool for GPs in the POTKU
project. We also found some perceived benefits regarding the
other HPPs reported in Table 5, e.g., in countries where PC is
weak (e.g., Cyprus), in SIS countries (e.g., Germany, Nether-
lands), and in centralized countries (e.g., Cyprus and the
Netherlands). These benefits are again improvements of
management processes in the Gesundes Kinzigtal program,
where the physicians share EHRs; in the INCA program, with
care profiles for patients that are accessible by professionals
and patient; and with remote monitoring and therapies
at a distance, thus reducing readmissions and being cost-
effective, in th5e TeleRehabilitation program.

Further qualitative information (e.g., aim, main activities,
and eHealth aspects) obtained from the site visits of HPPs in
Denmark, Finland, and Spain, is reported in a separate pub-
lication [65] and also briefly in text boxes which are included
in Text S1 in the Supplementary Materials.

4. Discussion

The ICARE4EU study explored, among others aspects, the
diffusion in Europe of integrated care programs for MM
adopting eHealth applications. The overall findings pre-
sented in this paper suggest the presence of a link between
health system characteristics of participating countries and
general aspects of these programs, categories of eHealth
adopted, and related benefits/barriers.

4.1. Overall Picture Emerged from the Study. As a first result
of our study, among 85 programs which use of at least one
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eHealth tool in 24 countries, 15 were identified in Spain; 7
both in Greece, Iceland, and Germany; 6 in Italy; and 5 in
Finland. This distribution is somewhat/partially different
from the one reported by previous literature, i.e., greatest
eHealth adoption in Nordic European countries [32, 44].
The reason for this difference could be twofold. On the
one hand, it might partly depend on personal knowledge
of country experts and program managers selected for the
ICARE4EU study, who in some cases might not have been
aware of all integrated care initiatives operating in their
countries (as explained better in Limitations of the paper).
On the other hand, the abovementioned discrepancy might
depend on the fact that, in great part of European coun-
tries, eHealth tools have been generally adopted by health
systems but rarely included in integrated care program-
s/practices for people with MM, as those mapped during
our project [65]. Conversely, both our study and previous
research findings [43, 78] put in evidence the relatively
large number of health programs using ICT tools and iden-
tified in Spain that is a Southern European country. This
context is probably due to the circumstance that Spain
has 17 regions/autonomous communities and governance
of health care delivery is provided at a regional level [79],
thus leading to a considerable number of health programs
on the whole. Moreover, Spain in recent years has greatly
participated in European programs funding activities on
ICT and ageing [37], throughout the “National Plans
Research, Development and Innovation”, running from
2007 to 2012 [78]. In particular, in Spain, a great part of
funding for remote monitoring projects is provided by the
European Commission [80].

Moving specifically to health system characteristics of
countries, we found on the whole a greater implementation
of care programs adopting eHealth tools in decentralized
countries, with a NHS model and with a strong/medium
PC. These quantitative results were also confirmed/rein-
forced by the evaluation of the HPPs we selected among the
mapped programs, which showed that three out of six good
practices using eHealth were implemented in countries with
such peculiarities.

The findings from our study are supported by previous
authors. With regard to national health models, Codagnone
and Lupiañez-Villanueva [32] found a positive link between
eHealth adoption and NHS countries. Other authors [47]
highlighted a greater implementation of eHealth, for instance
ePrescribing, where the NHS model is provided, with a tax-
based financing system, and with less barriers between dif-
ferent sectors of the health system, thus allowing a greater
integration and coordination among professionals and
services, also with the support of eHealth applications.
Moreover, most NHS countries have carried out national
ePrescribing projects for many years, whereas many SIS
countries and TCs were at the beginning in this respect.
The same authors [47] also showed that funding and incen-
tives of healthcare operating in these nations seem more
favorable to eHealth adoption than those available in SIS
countries. In NHS countries, it is also effective the becom-
ing “mandatory” obligation for GPs to adopt eHealth for
administrative tasks, and the fact that a single authority
or few institutions manage (in most cases) the national
health information systems represents a key factor.

In accordance with our results, previous literature also
highlighted that the adoption of eHealth seems more facili-
tated in decentralized health systems, where local governance
supports intersectoral integration [52]. On the whole, finan-
cial, organizational, and political decentralization implies
local autonomy and decisions according to the local prefer-
ences, with expected improvements in welfare efficiency
and equity, and increased responsiveness of local authorities
[81, 82]. In particular, some studies put in evidence how the
organisational level can influence development and adoption
of healthcare innovation/technologies; that is, organisations
are supposed to assimilate innovations better if they are
(among other factors) managed through decentralised deci-
sion making [83, 84]. Thus, decentralization seems to
improve public service delivery also by allowing innovation
[85]. It has anyway to be highlighted that, according to fur-
ther studies, in countries with decentralized health systems,
an official eHealth strategy with agreed common aims among
different institutions is needed [57]. In other words, although

Table 5: HPPs adopting at least one eHealth tool by health system characteristics of countries.

Programs Country
National health

modela
Strength of PCb Level of

(de)centralizationc

Clinic for Multimorbidity and Polypharmacy
(Hujala and colleagues, 2015 [72])

Denmark NHS Strong Decentralized

The POTKU project (Putting the Patient in the
Driver’s Seat (Hujala and colleagues, 2015 [73])

Finland NHS Strong Decentralized

Strategy for Chronic Care in the Valencia region
(Barbabella and colleagues, 2015 [74])

Spain NHS Strong Decentralized

INCA model of integrated care for multimorbidity
(Snoeijs and colleagues, 2015 [75])

The Netherlands SIS Strong Centralized

The Gesundes Kinzigtal program (Struckmann
and colleagues, 2015 [76])

Germany SIS Medium Decentralized

TeleRehabilitation program (Barbabella
and colleagues, 2015 [77])

Cyprus NHS Weak Centralized

aCodagnone and Lupiañez-Villanueva, 2013 [32]; Brennan and colleagues, 2015 [47]. bKringos and colleagues, 2013 [68]; Detollenaere and colleagues, 2017
[50]. cWHO, Health System in Transition series (years from 2008 to 2013) [69].
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in many cases digital health innovations are adopted at lower
and decentralized levels in the health care system, implemen-
tation of digital health services on lower levels needs to be
aligned with overall/central system goals [86].

The strength of PC is a further crucial aspect of health
systems that emerged in our study as influencing the imple-
mentation of programs with eHealth solutions. Also, other
studies report similar findings by evidencing how a strong
PC system seems linked to innovative care opportunities
offered by technology [49] and how eHealth tools in turn
can improve PC consultations [87]. Recently, the European
Commission [88] presented country-specific recommenda-
tions regarding more sustainable and innovative health sys-
tems by means of strong/well-performing PC. The strength
of PC is indeed different across countries due to variation
in political will, social-cultural values, policies, and health-
care system type; thus, country-specific strategies to develop
PC are need [49, 89]. Consequently, specific country factors,
such as organization and legislation of national eHealth
services, play a role for eHealth adoption itself [47]. Further
literature indicated that a strong PC, i.e., accessible, compre-
hensive, continuous, and coordinated [49, 90], can support
and strengthen, as backbone, well-performing health sys-
tems, where integration of care can be provided especially
to patients with MM [91–93]. And in order to deliver inte-
grated services, with provision of both health promotion
and prevention within PC, health systems should adopt inno-
vative eHealth solutions [30]. In this respect, also, relevantly,
some results [68, 94] show how healthcare expenditure (that
could sustain technological innovation) in European coun-
tries is significantly linked to the strength of PC process. It
is also to highlight that when countries decentralize impor-
tant PC functions, this might lead to a not “clear governmen-
tal vision” regarding the future direction of PC ([95], p. 171).

4.2. Main General Aspects of Programs Adopting eHealth.We
found that specific and main objectives of MM care programs
using eHealth tools, such as increasing multidisciplinary
collaboration and improving care coordination, were par-
ticularly operating on the whole in countries with NHS
and countries with strong/medium PC. Batenburg ([96],
p. 1541) analyzed in particular the link between a coun-
try’s health system and PC strength, and he found that a
great part of countries with a NHS model also show a
strong/medium PC, this allowing an access to health care
providers “at the right time and right place”. Further
authors highlighted that a strong PC implies a coordinated
and collaborative care [68], i.e., a context beneficial to
multimorbid patients, and how health outcomes in multi-
morbid patients are consequently better in countries with
a strong PC structure [51, 52], also with the support of
technology [30]. Thus, objectives of MM care, such as a
greater multidisciplinary and coordinated healthcare, can
find a favorable substrate especially in countries with a
NHS model and strong PC.

Main organization and care provider significantly more
involved in our study were, respectively, PC services and
GP, and in programs with eHealth which were identified in
decentralized countries and in those with strong/medium

PC. This context is not surprising, given that, in decentra-
lized countries and with strong/medium PC, GPs are
reported as main healthcare coordinators [96], the “core”
providers of PC services, the key medical professional caring
for (older) person with MM [97], and the most helpful ser-
vice according to family carers opinion and also perceived
as a real “support service” [98]. Moreover, in countries with
a greater proportion of GPs, who can convince patients to
use technology, eHealth could be more diffused. According
to some authors, a positive cultural attitude towards new
health technologies among physicians could play indeed a
crucial role in making, e.g., telemonitoring more acceptable
for their patients, especially for the elderly [65, 99]. PC ser-
vices and GPs in our study are also significantly more
involved in programs with eHealth which were identified in
SIS/TC countries. This result does not seem in contrast
neither with the fact that our results evidenced a greater
involvement of PC services and GPs in countries with
strong/medium PC nor with the fact that previous studies
[96] found a link between strong PC and the NHS model in
a country. The strength of PC, as depending on various fac-
tors (e.g., governance, economic conditions, accessibility,
comprehensiveness, continuity, and coordination), including
workforce development, is something different from a
greater involvement of PC in eHealth programs. This seems
rather to indicate that in SIS/TC countries, PC and GP repre-
sent basic pillars, given that other services/professionals are
less involved, differently from NHS countries, where con-
versely the related percentages are higher. In particular, in
our study, hospital/specialized nurses and physiotherapist-
s/exercise therapists showed greater significant rates in coun-
tries with NHS. In this respect, other studies highlight that a
strong PC structure is supported by national health work-
force (HWF) developments [48] and that countries with a
NHS model and strong PC (e.g., Denmark, Finland, the
UK, and Spain) have highest levels of HWF planning [96].
A successful eHealth adoption requires in turn investment
in both health and social care workforce [4].

By our findings, initiatives adopting eHealth were also on
the whole significantly implemented mainly nationally/inter-
nationally in centralized countries and with weak PC and
conversely mainly regionally/locally in decentralized coun-
tries and with strong/medium PC. This context could reflect
the fact that in these latter countries, there are preconditions
for supporting/allowing integrated care initiatives which are
more adequate to local/specific needs, and which are more
capillary and punctual. On the opposite, more general/natio-
nal/international care programs, which are often related to
temporary research projects and not based on local political/-
social policies, are more widespread in centralized countries
and with weak PC, where the power for public health plan-
ning is not delegated to local/regional authorities but man-
aged by the national/central government. Drawing on
literature, we know that often adoption of eHealth applica-
tions ends when also related research projects are concluded,
although successful [100], and that local health problems
often require local solutions, with a crucial role of local
research in providing adequate funds supporting local prior-
ities [101]. In such a context, a strong PC represents the first
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“local” entry point into the “national” health system for the
large majority of health needs [102], and the “promise” of
decentralization seems potential for enabling local govern-
ments to provide care programs/health services more tailored
on local interests/preferences, with a greater involvement of
local communities [103]. Territorial approaches/perspectives
also permit to reconnect decentralisation and developmen-
t/innovation, with the support of “national decentralisation
policies” ([104], p. 13).

The key roles of NHS model, decentralization of health
system, and strength of PC are further confirmed by our
results regarding some types of care and support which are
provided by the programs adopting eHealth, e.g., nursing
care, adherence to medication, and coordination of medical
services. These were indeed significantly and, respectively,
mainly provided in countries with NHS and in decentralized
countries and with strong/medium PC. In this respect, we
found partly support in previous literature with regard to
the fact that a strong/integrated PC, in particular when
continuous and coordinated [49], can provide some more
specific types of care. Some studies of “exemplary”, high-
performing, innovative PC practices [105–107] have put
indeed in evidence a key role of nurses within the care
team, including in particular management of chronic dis-
ease. Conversely, lack of coordination of care (e.g., in a
weak PC system) can negatively impact for instance on
medication adherence especially in case of patients with
coexisting conditions and several medications prescribed
by several physicians [108].

4.3. Categories of eHealth Applications. Our findings showed
that all programs used at least one eHealth application of the
group Healthcare Management, and mainly EHRs, registra-
tion databases with patients’ health data, and digital commu-
nication between care providers. We found in particular that
EHRs were the most used tools especially in decentralized
countries with NHS and strong/medium PC (and mainly
planned in centralized and SIS/TC countries, with weak
PC), but with no significant difference with regard to health
system characteristics of countries. These results on one side
seem to confirm a wider adoption (and intention of adop-
tion) of EHRs in many European countries, independently
from specific aspects of healthcare systems, as emerged also
from previous literature [31, 32, 43]. On the other side, our
results regarding EHRs, although not significantly, however
highlight decentralized countries, with strong PC, and with
NHS model as “more advanced” and favorable context for
supporting and implementing care programs with eHealth
for patients with MM. In this regard, some authors [57] sug-
gest that nationwide applications, e.g., national EHR systems,
cannot be managed centrally, especially in large countries,
and thus, the interoperability of regional systems is more suc-
cessful in decentralized healthcare systems. Moreover, a
strong PC seems to support a wider adoption of EHRs.
High-performing health care systems, based on strong PC
providing healthcare to multimorbid patients, require indeed
monitoring them with the help of EHRs [109]. More recent
findings [45] put in evidence that about 80% of PC practices
were using an EHR across 15 EU countries, although there

were wide variations. EHRs were especially used in all (or
almost all) PC practices in Denmark, Estonia, Finland, Spain,
and the United Kingdom, i.e., countries with strong PC (as
they are in the classification by Kringos and colleagues [68].

Within the group Healthcare Management, and differ-
ently from the context of EHRs, our study found a signif-
icant and greater use of PHRs in programs which are
implemented in countries with strong/medium PC. This
characteristic of health systems seems thus crucial for
promoting adoption of electronic/personal data of patients
in integrated care programs for MM. According with
Flaumenhaft and Ben-Assuli [110], governments try to bal-
ance the need to promote PHRs’ use and the need to provide
adequate protection of individual’s medical information. In
this respect, the recent European General Data Protection
Regulation’ (GDPR 2016/679, Reform 2018, European
Union) [111], operating since May 2018, is requiring more
strict protection measures regarding the handling of personal
data, including sensitive health data among others [33]. For
this aim, a strong PC system (e.g., with strong governance,
accessibility, and coordination) seems however crucial.

With regard to other groups of tools, we found the fol-
lowing: a greater and significant use of the entire category
Remote Consultation, Monitoring, and Care (tools for inter-
action between patients and health professionals) in decen-
tralized countries; a significant use of the entire group and
for single eHealth applications included in Health Data Ana-
lytics (systems for analysing clinical data of patients) in
decentralized countries and with strong/medium PC; and a
significant use of the whole group of tools for Self-Manage-
ment (of patients to live more independently) in countries
with NHS. To our knowledge, there is few literature support-
ing these specific findings, and conversely, we found much
support from previous authors regarding on the whole how
certain characteristics of health systems seem related to a
more general adoption of eHealth applications, i.e., with
decentralized health systems [57], with strong PC [49], and
with a NHS model [32, 47]. However, some literature,
regarding for instance online consultations, reported that in
two decentralized countries such as Denmark and Finland,
respectively, “the use of e-mail for consultations in general
practice became mandatory in 2009”, and “e-mails between
doctors and patients have been a routine part of care for over
a decade” ([112], p 1). Other literature, regarding online deci-
sion supports used by health professionals, highlighted that
these tools are specifically and increasingly important in PC
for providing specific evidence on patients, e.g., for GPs
[113], and thus, in this context, we could assume that a strong
PC structure seems more favourable. Moreover, regarding
tools for self-management, e.g., reminders by tablets, there
are still few data on the structure/governance of the national
healthcare systems and the related impact on frameworks of
self-management support, and moreover, more research is
needed for exploring “the optimal balance” for the delivery
of self-management support through a national health sys-
tem ([114], p. 8).

4.4. Benefits and Barriers of eHealth. Literature shows that
both barriers/factors hindering and facilitators/factors
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enabling digital health implementation are crucial when
planning healthcare [115, 116]. A large review on the imple-
mentation of eHealth in a wide range of healthcare systems
([117], p. 10) suggests that multiple factors were important
and “no single factor was identified as a key barrier or facili-
tator” across different healthcare settings.

Our findings put in evidence some potential benefits of
using eHealth in the integrated care programs for MCCs, as
reported/perceived by program managers (e.g., improve-
ments of care management/integration/quality). The fact
that no eHealth benefit emerged as significant with regard
to health system characteristics of countries clearly indicates
that positive aspects of ICT use on healthcare are widely rec-
ognized in European countries. In this respect, almost all
European member states of the WHO European Region par-
ticipating in the eHealth survey 2015 [39] seem indeed to rec-
ognize benefits attributed to eHealth solutions which are
implemented in the context of improved care management,
thus facilitating the transition to patient-centered care
models. Regarding interventions related to eHealth in PC
and for MM, patient-centered care is indeed reported by
Mangin and colleagues [118] as crucial for improving health
outcomes and for integrated management of MCCs. Regard-
ing specifically benefits of eHealth for MM, some authors
state that the priority in high-performing healthcare systems,
that is, to assure care coordination/integration [119], could
be met better by eHealth application adoption and also that
eHealth has potential for enhancing care integration/coordi-
nation among professionals/different providers, manage-
ment processes, and continuity of care in all European
countries [65].

Concerning significant barriers hampering the use of
eHealth applications, we found greater rates of agreeing by
program managers regarding mainly inadequate funding
and inadequate technical ICT support in centralized coun-
tries and with weak PC. The lack of technological skills
among patients and inadequate ICT infrastructure also
emerged in centralized countries, whereas inadequate legis-
lative framework similarly emerged in countries with weak
PC. Privacy question and the lack of skills among pro-
viders were perceived as barriers in SIS/TC countries.
These findings are on the whole consistent with previous
literature [39, 117, 120]. In particular, several authors put
in evidence how the adoption of EHRs in industrialized
countries was hampered by security/privacy issues and
complex legislation [121–123]. Regarding barriers in rela-
tion to some characteristics of health systems, the fact that
we found them significantly more perceived in centralized
and SIS/TC countries and countries with weak PC is in
line with opposite findings from our study concerning a
greater implementation of care programs adopting eHealth
applications in decentralized countries, with a NHS model,
and a strong/medium PC. Previous literature also indicate
on the whole a wider and facilitated/not hampered adop-
tion of eHealth innovations in European countries, e.g.,
due to available funding mechanisms, as linked to charac-
teristics of healthcare systems [54, 55, 124, 125] In this
respect, some authors showed that funding and incentive
mechanisms of healthcare seem less effective in SIS coun-

tries than those operating in NHS countries [47]. Also, the
degree of organization/centralization of health systems is
reported as negatively impacting on interoperability of
ICT applications in different countries [83, 84]. It is fur-
thermore to highlight that government preferences for
market legislation/forces may impact on the management
of technology uptake in national healthcare systems, thus
not leading to regulate eHealth infrastructure [126].

Also, qualitative information gathered during the site
visits, to HPPs using eHealth, confirmed quantitative data
on specific barriers hampering eHealth adoption, as per-
ceived by program managers in centralized countries, in
SIS/TC countries, and with weak PC. They further confirmed
a generally diffused perception of benefits from eHealth
adoption that is not linked to health system characteristics.

Our findings, also supported by previous literature, seem
thus to confirm our hypothesis, such as that basic health sys-
tem characteristics are relevant for the implementation of
care programs for MM adopting eHealth in Europe.

4.5. Limitations. This study presents some limitations, as well
as the overall ICARE4EU project [52, 65, 66]. Our overview
of relevant programs in European countries is based only
on the impact of eHealth technologies as perceived by servi-
ce/program managers/leaders, without including reports
from patients, caregivers, and care providers. We were also
dependent on the personal expertise/knowledge (in some
cases probably incomplete regarding all care approaches
operating in their countries) of country experts and program
managers participating in the survey. This may have influ-
enced the number of mapped programs and of related coun-
tries where programs with eHealth were implemented
(n = 24). This circumstance, in turn, may have impacted
our analysis by health system characteristics of (groups of)
countries that was based on classifications we built from liter-
ature (including 31 countries). No eligible program, accord-
ing to our inclusion criteria, was indeed identified in Czech
Republic, Estonia, Hungary, Poland, Romania, and Slovakia.
Information on French programs was incomplete and thus
excluded from the analysis. For United Kingdom, our study
covered only England. Another weakness of the ICARE4EU
study is the need to develop original survey questions, with
the contribution of each partner regarding a specific experti-
se/research theme (patient centeredness, management prac-
tices and professional competencies, financing mechanisms,
and use of eHealth technologies), due to not available vali-
dated questionnaires in all European countries (in 2014, year
of data collection) to assess the practice characteristics of our
interest [52]. Also, only eight selected programs could be vis-
ited in the scope of this project, and only six contained
aspects of eHealth. Thus, we based our analyses mainly on
data from the web survey and less on daily practice regarding
eHealth adoption. The results of the qualitative data analysis
provided however valuable insights in the current implemen-
tation of these good practices. Furthermore, we mapped
eHealth aspects that were considered relevant for MM care,
but comprehensiveness cannot be guaranteed. For the spe-
cific issue of eHealth, data collection instruments included
indeed the most frequently used types of applications,
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without focusing on all available potential solutions, which
would have required a more comprehensive data collection
beyond the scope of the project [29]. Moreover, the design
of the study and the lack of detailed information about the
eHealth tools hampered a more in-depth analysis, such as
inclusion of indicators at a macro level (e.g., the size or the
economic situation of the country) and the extent or level
of eHealth adoption (e.g., experimental/fully adopted, small/-
large scale). We recognize the limited validity and reliability
of the dependent variable (i.e., number of programs adopting
eHealth tools identified in a country), which could have pro-
duced an overestimation of the real eHealth adoption, where
“small” or experimental tools are counted equally as “larger”
and long-running tools and the single use for instance of
EHR in a country is put on the same level of another more
complex and innovative technological application. This
may have further impacted on the relation between inte-
grated care programs for MM using eHealth tools and char-
acteristics of health systems, thus potentially affecting the
cross-country comparison and limiting the conclusions
drawn from the study, also with regard to policy implica-
tions. Such a context should lead to some caution in the
interpretation of results. It is however to highlight that the
ICARE4EU project did not aim to carry out a systematic
mapping of good practices of integrated care initiatives for
people with MM across Europe, and moreover, it was an
exploratory study on the adoption of eHealth tools in the area
of MM in Europe, and thus, we were interested in the use of
at least one single tool. Despite all limitations listed above,
influencing the findings and hampering their generalizability
in particular with regard to the potential benefits of eHealth
and despite the additional fact that the scale of the initiatives
remained mostly local and/or regional, a large number of eli-
gible eHealth programs were identified. It was thus an
attempt to provide some insight into related current practice.
Moreover, given that there are currently very few studies and
data available on the specific issue of eHealth for MM care
and with limited sample sizes, the 85 eHealth programs ana-
lyzed in this paper could contribute to some extent to have a
European picture of the issue. Their knowledge could in turn
support further development and implementation of MM
care programs adopting eHealth in European countries.

5. Conclusions

The ICARE4EU findings, although in the light of somemeth-
odological limitations which allow only general consider-
ations on eHealth adoption in Europe, seem to suggest on
the whole a relation between implementation of integrated
care programs for MM using eHealth tools and characteris-
tics of health systems, i.e., a greater diffusion of such pro-
grams in decentralized countries, with a NHS model, and a
strong/medium PC. Also, WHO recently stated that digital
technologies within a country can strengthen health system
depending on health system characteristics themselves, such
as governance, legislation, policy, workforce, standards, and
interoperability [127].

In our study, all programs adopted at least one eHealth
tool of the group Healthcare Management and mainly EHRs

in decentralized countries with NHS and strong/medium PC,
although no significant difference emerged in this respect.
With regard to other groups of tools, Remote Consultation,
Monitoring, and Care and Health Data Analytics, and tools
for Self-Management, the characteristics of healthcare sys-
tems mentioned above seem on the whole significantly more
favourable for the diffusion of integrated care approaches
adopting new digital health technologies. Conversely, barriers
to eHealth adoption emerged significantly more perceived in
centralized countries and with weak PC (e.g., inadequate fund-
ing and inadequate technical ICT support) and in SIS/TC
countries (e.g., privacy issues). The fact that no eHealth benefit
emerged as significant with regard to health system character-
istics of countries clearly indicates that positive aspects of ICT
use on healthcare are widely recognized across European
countries. These general quantitative results were also sup-
ported by some qualitative information gathered during site
visits to HPPs using innovative/digital applications.

The potential useful adoption of eHealth seems thus
more facilitated in decentralized health systems, where local
governance can allow integrated care initiatives which are
more tailored on local/specific needs, with the help of new
technologies. In particular, when patients, professionals,
entrepreneurs, and government collaborate together, starting
in local communities with few initial eHealth tools, the
potential of eHealth can be “enforced” [100]. Furthermore,
a greater adoption of eHealth seems to emerge where a
NHS model are provided, that is with a tax-based financing
system and with healthcare incentives which seem more
favorable to eHealth implementation. Finally, also PC seems
to have a key role, given that it can strengthen healthcare sys-
tems and can provide a more flexible access to services and
integration across settings through technology [91, 128]. A
strong PC system can facilitate for instance a comprehensive
care coordination [129, 130], and this context influences the
adoption of eHealth applications. Moreover, in order to sup-
port PC, available and accessible health technologies thus
“offers an opportunity that cannot be missed” ([131], p.
1373), by expanding the range of addressed health conditions
and available related treatments [91].

eHealth shows thus a general good potential, and in this
regard, decentralized countries with NHS and strong/-
medium PC seem to represent the more adequate contexts.
However, current population ageing, increasing prevalence
of chronic diseases and MM, consequent raising healthcare
costs, and “budgetary constraints” will require crucial adap-
tations of European health systems, in order to provide a
more innovative, integrated, and patient-centered care
[132]. Health systems need in particular to become more
strong/resilient and sustainable, and in this respect, the digi-
tal innovation might represent a key factor to promote
healthy ageing [45]. In particular, a “responsible innovation
in health” (RIH) could reduce the cost of innovation itself
and contribute to the sustainability of health systems
([133], p. 64). However, although the digital transformation
of health services is a process influencing the performance
of health systems themselves, it seems crucial to collect fur-
ther robust evidence to evaluate cost-effectiveness of new
eHealth solutions and “to strengthen the political choice” to
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implement them ([16], p.1). Moreover, it seems important to
carry out further studies on complex needs of frail older peo-
ple with MM and “digitally supported flexible and adaptive
teamwork”, given the paucity of data in this respect ([134],
p.1). More in-depth analyses are needed, keeping into con-
sideration the differences among various eHealth aspects
and categories. The development of scales or indexes able
to assess more precisely the level of eHealth adoption could
further support comparative studies, in order to achieve a
more precise knowledge on the topic across Europe and to
actually test the country-comparative expectations.
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