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Abstract. Worldwide, healthcare systems are considered unsustainable due to 

an increase in demand for care and an associated rise in healthcare costs. Age-

ing of societies and the growth of populations with chronic conditions are mak-

ing a paradigm shift in western healthcare systems necessary. The Chronic Care 

Model (CCM) provides a framework for healthcare change, including a promi-

nent role for the community and patients’ self-management. Information and 

communication technology (ICT) is indispensable to accomplish the model’s 

objectives. The role of ICT in the provision of care is discussed as an opportuni-

ty to facilitate the application of the CCM and improve healthcare in general. 
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1 Introduction 

The ageing of society is a key societal challenge for many countries worldwide. The 

prevalence of chronic diseases is rising globally due to the ageing of societies in com-

bination with the effects of a sedentary life style. This trend results in a rise of 

healthcare costs an enormous pressure on the resources in society [31]. Implementa-

tion of healthcare services where medical and social aspects are integrated is impera-

tive as well as the use of technology to facilitate self-management and cost-effective 

service delivery. When they grow older, people are more prone to multiple and chron-

ic ailments. Chronic diseases such as cardiovascular disease, diabetes, arthritis and 

dementia are among the most common, costly, and preventable of all health problems 

in the world and are leading causes of death and disability. Currently the working 

population is shrinking. Projections show a growing imbalance between the number 

of elderly citizens in need of care and the actual supply of formal care services
1
. This 

is indicated by the age dependency ratio
2
, which shows an increasing pressure on the 
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productive population of many countries
3
. In 2007, the age dependency ratio of the 

European Union (EU) was on average one retired citizen to four working people. 

Without anticipatory action, the average in 2050 will be an estimated 1:2. In the 

Netherlands, there will be an average ratio of 1:3 and in Italy and Spain an average 

ratio of 1:1.5, while in China this age dependency ratio will be less than 1. By 2025 

the EU will lose an average of one million workers a year, while an increasing num-

ber of people has to be employed in healthcare. By then, about 25% of the working 

population should be employed in healthcare in the Netherlands, while optimistic 

scenarios for Greece, Italy and Spain will approach 50% [43]. The consequence of 

this growth in both chronic diseases and ageing is an increasing demand on healthcare 

while financial and human resources are decreasing. Current western healthcare sys-

tems are considered to be unsustainable, since the institutional care provision main-

tains a focus on curing diseases rather than preventing them. We can no longer expect 

that formal carers and professional institutions will provide the services for the sup-

port of an increasing number of people with a chronic condition. 

In a complex health system, the management of chronic illness requires the coordi-

nation of care. Historically, there has been little coordination across the multiple set-

tings, providers and treatments of chronic illness care. Integrated care may be seen as 

a response to the fragmented delivery of health and social services. The proposed 

paradigm shift in healthcare systems comprises a transition: 1) from mainly a mono-

disciplinary to a multi-disciplinary form of care provision, 2) from a curative ap-

proach to preventive medicine and public health, 3) from institutional care to commu-

nity care, and 4) from professional care to informal care. 

 

 

Fig. 1. Paradigm shift in healthcare systems. 

The concept of healthcare practice and healthcare change is based on frameworks 

or models. Healthcare models are a set of policies and organizational arrangements 

for meeting the three basic goals of a healthcare system: keeping people healthy, 

treating people who are sick, and protecting citizens against the financial burden as a 
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result of the amount of care that is consumed. Hence, these models provide the 

framework that should guarantee accessibility, quality and affordability of healthcare 

and ensure that patients get the optimal care, at the right time, by the right people and 

in the right place. 

2 The Chronic Care Model and Integrated Care 

In the search for effective strategies to prevent and manage chronic diseases, different 

models and programs have been proposed such as the Disease Management Program 

[22], Shared Care Program [23], [39], Chronic Care Model [2], [46], and Guided Care 

Model [6], [33]. In spite of their differences, all these models or programs aimed at a 

less fragmented, more integrated provision of patient-centered care. 

The Chronic Care Model (CCM) by Wagner and colleagues [46] is currently cen-

tral to European and United States’ healthcare policy, and includes important ele-

ments of self-management, social support organizations, informal carers and the 

community. The CCM was intended to be a framework for innovation and improve-

ment of care for chronic conditions. The CCM was later refined by Barr and col-

leagues [2], so that it became i.e. “the expanded CCM” that accentuated prevention 

and health promotion. The CCM assumes that good health outcomes require produc-

tive interactions between a multi-disciplinary team of professionals and an active 

patient and his or her proxies, such as families and informal caregivers. This interac-

tion is the result of a form of coordinated care that is composed of six distinctive ele-

ments along with its relevant aspects, as laid out in the CCM (figure 2). There are two 

contextual elements: 1) the community and 2) the healthcare system. Within the 

healthcare system there are four focus areas for innovation: 3) the delivery system, 4) 

information systems, 5) decision support and 6) self-management. In the community 

element, Barr and colleagues emphasized the necessary community resources and 

policies that facilitate concrete actions, as well as the importance of public health and 

a supportive environment [2]. While technology is mentioned in most healthcare 

models, further elaboration on the required functionalities remain absent, as well as 

the implications of future information and communication technology (ICT) devel-

opments. 

In this paper, the role of ICT and future developments are discussed from the per-

spective of CCM and its related components (figure 2), as follows. Health System: 

program planning (including measureable goals for better care of chronic illness) to 

meet the health needs of target populations. Community: mobilizing people to engage 

in informal care and developing partnerships with community organizations that meet 

the needs of patients with chronic conditions. Delivery system: the process of re-

orientation of health services with a focus on multidisciplinary teamwork drawing on 

individuals and skills from the health and social care sectors. Information system: 

smart information systems based on patient populations to provide all the relevant 

client data (medical, health and social). Decision support: integration of evidence-

based medicine, protocols and guidelines into a holistic approach. Self-management: 

interventions, training, and skills by which patients with a chronic condition can ef-



fectively take care of themselves. Note: health system and community are dealt with 

in two separate sections below, where the section on “health system” explores the 

notions of information systems, decision support, delivery system and self-

management. The text on the health system is treated purely as background and is not 

explored in detail. 

 

Fig. 2. Expanded Chronic Care Model: adopted from Barr et al. [2]. 

3 Health System 

The health system is the operational body that translates healthcare policy into prac-

tice through programs that subsume and support the management, define the perfor-

mance indicators in relation to the standard of healthcare quality, and formulate the 

related business plan. The health system comprises information systems, decision 

support, the delivery system and self-management.  

3.1 Information Systems 

Health information systems provide a means of making the information about an en-

tire patient population (a registry) available to the patient and provider [30]. Over the 

last decades, the digital revolution has made an enormous change in the availability of 

clinical information. This accounts for traditional information sources such as patient 

records, daily practice data (e.g. laboratory results and radiographs) as well as proto-

cols, guidelines and science-related information. Clinicians also have increasingly 

more access to animated information on patients’ physiology, anatomy and pathology. 

Besides these developments in bio-medical based practice, there is a current trend 

of collecting personal health or life style data. This is made possible through common 

devices such as weight scales, blood pressure and glucose monitors that communicate 

through the Internet and through a variety of innovative diagnostic tools for home 

care. Portable devices and smartphones also enable monitoring of activity, sleep and 



food consumption. Millions of individuals are storing streams of personal data 

through their websites, cell phones, laptops and other digital devices, which might be 

used to predict and anticipate conditions, behaviors and events relevant to their health. 

For adequate healthcare management, an integration of bio-medical, health and so-

cial care data is needed, including community data [2]. In chronic care management, 

relevant users of information systems are also patients, informal carers, advocacy 

groups, municipalities and everyone who is indispensable in the provision of care. 

This requires data integration of various sources, data analysis and data stewardship 

with which intelligent agent software can help [28], [38], [40]. Software agents that 

incorporate learning, context-sensitivity, personalization, collaboration and proactivi-

ty will enable a support system that provides tailored medical information for practice 

teams [4]. For patients and informal carers, agent-based technology could offer per-

sonalized information with alerts, recalls and instructions for health promotion. Agent 

technology is also useful for population data-mining to identify subgroups that need 

proactive care, and to see whether preventive policy measures have an effect on pri-

mary medical, life style and social indicators [44]. Data technologies are becoming so 

important in providing solutions for societal challenges that government and citizens 

have to address urgently questions about protection from the misuse or abuse of large 

databases in a wide number of areas that also include health and healthcare. Besides 

the technological solutions for data protection and privacy, new regulations and legis-

lation are needed. Data privacy should be seen in a wider context than just secure data 

transfer and information sharing among healthcare professionals. 

3.2 Decision Support 

Decision support provides healthcare professionals with instructions, guidelines and 

protocols to ensure that best evidence-based care is delivered. Decision support is 

strongly dependent on the expertise of the clinician, clinical information systems and 

evidence from medical research. As described in section 3.1, most important infor-

mation needed for decision support is digitally available, but it is fragmented and only 

partially used. The overwhelming amount of clinical information generally available 

has made it much more difficult to extract useful information, and keep up with the 

progress in particular medical disciplines [35]. Considering the limited time for con-

sultation by a clinician, it is unrealistic that all information regarding a specific patient 

can be part of the clinical reasoning process. To translate data into practice, clinicians 

typically have to: 1) formulate questions that are answerable from the information 

sources, 2) search for and identify evidence to answer the clinical questions and 3) 

appraise the evidence identified for quality, reliability, accuracy and relevance [36]. A 

clinician or a practice team would be greatly supported by an automated clinical rea-

soning support tool in which available evidence from the literature is selected, delib-

erated on, summarized, and attuned with guidelines and treatment protocols [16]. A 

patient’s profile, derived from both medical and social data, could form a basis for 

personalization through which the available evidence could be tailored into relevant 

instructions for each person involved in the care process. Automated decision support 

is an important facilitating tool for integrated care.  



3.3 Delivery System 

The delivery system of healthcare addresses the overall workflow coordination. High-

quality healthcare requires certain elements for adequate performance. The most vital 

elements in the delivery system dedicated to integrated care are well-trained and mo-

tivated people, accurate information, and technologies that enable providers to use 

resources effectively. This involves cross-sectorial primary, secondary and social care 

work flow planning, communication and quality control. 

Planning in a delivery system deals with 1) who should be on a care team, 2) what 

kind of interaction each member of the team should have with the patient, 3) how 

team members should interact with each other, and 4) how patients communicate with 

caregivers. Efficient planning and harmonizing tasks of formal and informal carers is 

crucial for effective care [8]. Software tools for care management can help with the 

scheduling of appointments and services such as case management. 

Communication in the delivery system is indispensable for the collaboration be-

tween stakeholders. Chronic care needs collaboration between primary and informal 

care (in the community) as well as secondary care (in an institution). The organiza-

tional structure of distinctive primary and secondary care sectors hampers the provi-

sion of integrated care [9], [14]. Due to the existence of so many unique specialisms 

and disciplines, horizontal communication among different medical specialists in 

secondary care and vertical communication between primary and secondary care is 

problematic [19].  

Computerized health information systems could overcome most cross-sectorial 

communication issues. However, the implementation of shared information systems is 

far behind that seen in other sectors and industries. Despite the overwhelming evi-

dence of the cost-effectiveness of multi-disciplinary use of electronic medical records, 

email, text-messages, social media and video communication services such as Skype 

[37], [51]. Many technology-related reasons have been mentioned as obstacles to the 

use of health information systems, including security, privacy, incompatibility be-

tween systems, maintenance, upgrades, ease of use and lack of integration with other 

applications [17]. Web-based applications and solutions provided by cloud computing 

as an alternative to local hosted software and storage concepts could overcome many 

of these issues. 

Quality control and transparency of data about clinical effectiveness and cost-

effectiveness of procedures, diagnostic and therapeutic devices and drugs is an in-

creasing societal need. Healthcare consumers might be involved in providing feed-

back on performance indicators. Patients and their proxies could rate their carers, 

consumed services and hospitals visited [21]. Accordingly, competitiveness among 

healthcare providers can be stimulated. With shared information systems and social 

media it is possible to link healthcare services to patient satisfaction, quality indica-

tors, cost and, ultimately, regional or national benchmarks. 



3.4 Self-management  

Patient engagement is increasingly important as a solution to lowering costs and im-

proving population health. Self-management aims to enable people to remain inde-

pendent and active and to support them to live in their own homes as long as possible. 

Self-management support involves empowering patients and their caregivers through 

education, training, skills acquisition, and help with integrating problem-solving and 

goal-setting into everyday care [1], [2], [5], [32]. Many aspects of self-management 

could be supported by solutions enabled by technologies. There is evidence of im-

provement of patients’ self-management through web-based applications and social 

media [45]. Most research is focused on technologies for self-monitoring and self-

education, where changes in patient adherence and levels of knowledge showed sig-

nificant improvements [10], [24]. Hence, opportunities for further improvement lie in 

supporting patients to manage their health by finding information about their condi-

tion on the web and participating in social networks through which they can exchange 

information and provide support to each other [3]. This could be supported by intelli-

gent systems that provide personalized assistance by remembering past interactions, 

and inferring the user’s preferences through his or her actions [20].  

4 Community 

Community resources and policies are essential to facilitate the implementation of 

technology supported integrated care [27]. To implement integrated care according to 

CCM, new partnerships in the community with citizens, medical and social profes-

sionals have to be established. Communication and sharing of information, and 

alignment of objectives, resources and actions are also essential. Prevention of illness 

and readmission requires community actions, while informal carers play an important 

role in maintaining the health and wellbeing of people with chronic conditions. Health 

is predominantly influenced by the community factors, including the quality of hous-

ing, safety, social interaction, and transport. Supportive environments could help de-

pendent and vulnerable people keep actively involved, people who would be other-

wise be at risk of losing their independence. Outreach to outlying and underserved 

communities is being supported through a number of technological approaches [42]. 

4.1 Public Health 

The objective of public health is to improve health and quality of life through the 

prevention and treatment of disease. Public health comprises a multidisciplinary ap-

proach, where health promotion is dedicated to enable people to manage their health 

by education and social marketing focused on changing behavioral risk factors such 

as a sedentary lifestyle, unhealthy food consumption, mental stress and smoking [7]. 

Social marketing applies commercial marketing strategies to promote public health in 

mass communication. The combination of market strategies and social media could 

influence the attitudes, beliefs and behaviors of communities and individuals [41]. 

Social media stimulate active participation of the patient, which is an element of suc-



cessful behavioral change [47]. Healthcare providers can contribute to the effective-

ness of patient involvement during their direct and indirect contacts with patients [11]. 

4.2 Supportive Environment  

Supportive environments provide support for daily life activities and facilitates pa-

tients to stay active and independent, including solutions that support people in the 

work environment, and incorporate home automation through sensor technology and 

service robots [13], [34]. Smartphones and tablets can enable empowerment, wellness 

and the provision of social care services to the homes of dependent elderly persons 

and patients [26], [29]. Interactive multimedia allows a two-way communication for 

family, friends and caregivers. Agent-based software could enable more sophisticated 

communication and problem-solving between professional and non-professional car-

ers. Integration of social networking and serious gaming elements into communica-

tion services could engage people in sharing community care. Mobilizing local com-

munities for the support of care-dependent people is a great societal need and will 

have a major positive impact on social cohesion and the economy [15], [18]. 

4.3 Community Action 

Informal caregivers are individuals who provide on-going assistance, without pay, for 

family members and friends in need of support. Informal care is a resource that is 

under both demographic and economic pressure [25]. Projections show that less in-

formal care will be available within households as a result of trends in family size and 

scarcity on the labor market (in combination with an increase in the participation of 

women in the labor market
4
). The only solution to these limited resources for the sup-

port of vulnerable and dependent people is to organize informal support systems more 

efficiently. We need mobilization within our communities, thus it is imperative that 

we “engage all”: technologies such as social media could help to achieve this [12]. 

5 Conclusion 

The ageing of western society is a great challenge that is having a major impact on 

healthcare costs and community resources. Overcoming the problems of ageing and 

chronic conditions can only be achieved by transforming the current healthcare sys-

tem with an integrated approach where multidisciplinary care teams, self-management 

and community involvement all play a central role. Technology is essential to this 

transition. The CCM provides essential health system and community elements into 

which technology could be integrated purposefully.  

Medical and social information has to be merged into a shared and personalized 

record, for patients as well as for both professional and informal carers. Decision 

support could be improved by an integration of evidence-based medicine, clinical 
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expertise and patient values (based on social, medical and cultural profiles) into an 

automated clinical reasoning system. A cross-sectorial resource management and 

communication system would overcome the problems of the current siloed structure 

of social, primary and secondary care sectors. Patients’ self-management would bene-

fit from cloud-based computing and mobile technologies. Smart web-based manage-

ment tools with automated personalized support would be a solution desired by many 

patients and carers: the most recent data and support tools could be instantly available 

to provide the most optimal care. Current developments in ICT are the ultimate facili-

tators for integrated care and the CCM. 
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