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Abstract 

 

This CONNECARE document (D2.3) has a threefold aim. Firstly, to describe the consensus 

achieved by the clinical partners of the consortium regarding conceptual and pragmatic 

aspects of health risk assessment. The document proposes an operational formulation of 

enhanced clinical risk predictive modelling to be adopted in CONNECARE (Task 2.3). It has 

been worked out iteratively with Task 3.4 for elaboration of clinical decision support 

systems (CDSS) supporting dynamic risk assessment using multilevel data sources.  

Section 2 of the document describes the maturity of each site regarding risk stratification. 

For practical purposes Lleida and Barcelona have been collapsed as one regional 

development (Catalonia, ES). Finally, Section 3 indicates the overall CONNECARE 

outcomes regarding Task 2.3, as well as the need for specific PDSA approaches to health 

risk assessment in each site. The document defines the basis of the new predictive 

modelling approach that will be assessed in the three case studies deployed in 

CONNECARE (WP6).    
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Health risk assessment is a relevant component in the strategies for regional adoption of 

integrated care because of its impact on the design of healthcare services (population-based  

health risk assessment), as well as for enhanced clinical management (patient-based  health 

risk assessment).  

Patient management purely based on clinical criteria  (professional training, knowledge, 

instinct and experience) or combined with rules-based clinical management (thresholds for 

certain parameters defining pre-established decision criteria) constitute most of current health 

professional practice. In contrast, the use, on a regular basis, of predictive modelling tools 

for clinical decision support (predictive modelling establishing relationships between sets of 

variables and outcomes generated using statistical or machine learning tools) is still in its 

infancy despite it seems a natural step towards customization of care to patient’s needs.  

The document focuses on the description of CONNECARE strategies to optimize patient-

based health risk assessment and service selection in order to facilitate elaboration of 

individual care plans in the clinical scenario. During the project lifespan, two use cases will be 

addressed: i) complex chronic patients  (CONNECARE case study 1); and, ii) peri-surgical 

care (CONNECARE case studies 2 & 3). One of the core hypotheses to be explored in these 

use cases is if information contained in population-health risk assessment may significantly 

contribute to enhance clinical risk prediction, as formulated in [1].  

Section 1  of the deliverable describes the current state of the art of both population-based 

and patient-based health risk assessment, as well as their desirable articulation to facilitate 

clinical decision support for optimal service selection. Moreover, the section analyses specific 

proposals for prompting evolution of current healthcare towards the concept of learning 

healthcare systems  [2]. 

Section 2  describes existing practices regarding health risk assessment in the four 

CONNECARE sites. For practical purposes, Lleida and Barcelona are described as one area 

because the two sites share a common regional policy in terms of risk assessment. The 

section also indicates future plans and expected benefits for implementation of predictive 

modelling for clinical decision support at site level, as well as main barriers and/or facilitators 

identified for such implementation.  
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Finally, Section 3  formulates a common CONNECARE conceptual frame for health risk 

assessment and service selection, recommends methods for evaluation and explores potential 

implementation strategies at site level.     

The information included in the current document covers the aims of Task 2.3 (Health risk 

assessment for patient stratification). It has been elaborated through repeated iterations with 

the team responsible for the design of CONNECARE Adaptive Case Management (WP2 – 

D2.2.Adaptive Case Management Design) and Clinical Decision Support Systems (CDSS) 

(WP3 – D 3.2: First screening and risk stratification DSS). These deliverables will enrich the 

clinical studies (WP6) and should provide key elements to generate final recommendations for 

patient-based health risk assessment and service selection in WP7 – D7.4: Recommendations 

of final services and proposals for scale-up integrated care. This will contribute to the general 

goal of the project - which is: to foster large scale deployment and adoption of integrated care 

services through significant contributions to healthcare value generation and by facilitating 

reductions of outcome variability within and among European regions. 
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Decision making in the clinical setting traditionally faces two types of challenges, with the 

individual patient as the recipient of action. On the one hand, reactive care aims to solve 

specific disease events, such as pneumonia, appendicitis, acute episodes on the backdrop of 

chronic diseases (i.e., chronic obstructive pulmonary disease (COPD), cardiac failure, type I or 

type II diabetes mellitus,…), etc…. On the other hand, the design of mid- and/or long-term 

therapeutic plans for a given patient also constitutes a core medical activity. 

Clinical decisions are traditionally based on: i) knowledge, general and field-specific, of the 

health professional, ii) previous experience, as well as, iii) intuition. It is of note that rule-based 

decision making relying on robust medical evidence, often generated through randomized 

controlled trials, is already an essential component of the professional knowledge contributing 

to efficiency of the decision making process. 

Since early 2000s, two key phenomena are prompting substantial changes of both clinical 

research and practice. Firstly, systems biology methodologies (i.e. holistic approach, use of 

computational modelling, etc…) are being progressively embedded in medical practice 

shaping the practicalities of systems medicine [3–7]. Simultaneously, the use of information 

and communication technologies (ICT) is facilitating access to an enormous amount of 

patient-related information, as well as providing sophisticated computational and machine 

learning tools that offer high potential for predictive modelling [8–18]. These facts should 

increase the potential for assisting health professionals in patient-based (or clinical) decision 

making. 

It is of note that current strategic changes in the orientation of clinical practice are fully aligned 

with the vision of systems medicine. That is, a holistic understanding of disease-related 

events , as well as a preventive approach to medical practice,  which necessarily involves a 

multidisciplinary team-based orientation of therapeutic strategies with a distribution of roles 

and tasks among professionals often working in different healthcare tiers. This is a key 

component of the CONNECARE Adaptive Case Management design (WP2 – D2.2.Adaptive 

Case Management Design). The new scenario is triggering emerging computational 

requirements in terms of predictive modelling for individual-based decision making, moving 

toward predictive and personalized medicine. The above changes are heavily accelerated by 

well identified XXI-century factors such as: high prevalence of chronic conditions, ageing and 

need for cost-containment, aiming at financial sustainability of health systems. All in all, it 
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seems clear that adoption of the new health paradigm is requiring convergence between 

practicalities associated with large scale implementation of integrated care, based on the 

Chronic Care model [19], and stepwise deployment of a system medicine approach in  clinical 

practice.  

In accordance with the holistic approach alluded above is the consideration of the need for a 

population-based analysis of health-related events; that is, predictive modelling at population 

level. Under the novel conceptual frame, population-based health risk assessment should not 

only be considered as a tool for healthcare service design/commissioning and/or financial 

optimization. Instead, we propose to consider it as complementary to patient-based health risk 

assessment. In this regard, the current document (Section 1.1 ) heavily endorses the 

exploration of potential synergies between population-based and clinically-oriented health risk 

prediction.   

The document also examines the practicalities of the relationships between health risk 

assessment and service selection in clinical practice (as described in Section 1.2  and 

illustrated in Figure 1 ). In other words, we are taking a highly pragmatic approach to health 

risk prediction. We envisage stratification, either population-based or clinically-based, not only 

as a conceptual issue for classificatory purposes; but as a way to optimize health of both 

citizens living in a given geographical area (population-health approach) and individual 

patients in the clinical scenario (patient-based approach).  

Finally, we are interested on transformational aspects of current health systems fostering a 

systems medicine approach to integrated care that can foster sustainable productive 

interactions between clinical practice and generation of knowledge. Recent recommendations 

for implementation of Learning Health Systems (LHS), as those generated by the American 

Heart Association (AHA) [2], are analysed in Section 1.3  as promising initiatives to pave the 

way for adoption of the new health paradigm. 

Overall, the document is highly aligned with Task 2.3 of the CONNECARE project addressing 

health risk prediction by combining an already operational population-health predictive 

modelling tool elaborated in Catalonia (Adjusted Morbidity Groups, GMA) [1,20–22] and the 

patient-based scoring strategy generated within the project. This task a ims to  set-up 

enhanced  c l i n ica l  predictive modelling to be  assessed in the three case studies 

deployed in WP6. 
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Figure 1  – In the document, patient-based health risk assessment  is used as 
synonymous with enhanced clinical risk assessment , which adopts of a holistic 
approach that fosters inclusion of covariates from multilevel data sources, namely: i) 
Clinical, ii) Informal care; iii) Biological research; and, iv) Outcomes from population-
health risk predictive modelling, resulting in enhanced patient-based stratification and 
optimization of service selection. This approach paves the way towards personalized 
medicine. Population-health risk predictive modelling  includes all the citizens in a 
given geographical area. Left-hand-side of the figure displays the Catalan risk 
stratification-pyramid in 2014. It should be distinguished from population-medicine 
predictive modelling  which is elaborated from groups of patients with pre-defined 
inclusion/exclusion criteria. We hypothesize potential synergies between population-
health predictive modelling and clinical risk assessment, as explained in the 
document. 

 

1.1 Health risk assessment 

Patient-based health risk assessment - In the clinical management domain, risk prediction 

of well-defined medical problems aims to support health professionals in the decision making 

process for a given patient. The definition is valid for the process solving a clinical episode of 

pneumonia or exacerbation of a chronic disease, for example, but also to define mid- or long-

term action plans for a chronic patients aiming at developing an optimal care plan. 

However, the novel healthcare scenario is prompting action toward enhancement of clinical 

health risk predictive modelling using currently available multiple sources of information; by, 
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adopting a multilevel approach as displayed in Figure 2 , in order to anticipate, for the 

individual patient, the development or progression of disease to prevent, or reduce its impact: 

i) through early diagnosis; and, ii) triggering cost-effective preventive interventions.  

 

Figure 2  – The dimensions of patient health indicated in the figure may contribute to 
the enrichment of clinical risk predictive modelling. As a first step, we propose 
including the outcome of the population-health risk assessment as a covariate in 
clinical risk predictive modelling. For future personalized care for chronic patients, 
enhanced dynamic communication among Informal Care, Health Care and 
Biomedical Research will allow inclusion of several dimensions into clinical risk 
predictive modelling. It will be done through multilevel/multi-scale heterogeneous data 
integration into a Digital Health Framework, as depicted in Figure 3 . This figure was 
adopted from [8].  

 

Current status and factors limiting evolution – While adoption of rule-based clinical decision 

support has made substantial progresses over the last years, the use of computational models 

for patient-based health risk predictive modelling to enhance clinical decision support is still in 

its infancy. We identify three main factors to be considered in order to overcome current 

limitations of patient-based risk prediction. Firstly, enrichment of predictive modelling based on 

clinical covariates with other variables (i.e. informal care, population-health stratification, 

biological data, etc…) obtained with a multilevel approach (Figure 2) . A second factor is to 

ensure general applicability and transferability of current predictive tools, addressing specific 

clinical issues with a high predictive power, to other populations outside the source study 
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groups. Last, but not least, there is a clear need to overcome limitations of use of risk factors 

as prognostic factors, as described in [23]. The analysis of how to make these three limiting 

factors operational will be addressed in Section 1.2  of the current document.  

Population-based health risk assessment – Risk assessment in the health services 

domain, differentiated from individual clinical risk prediction, targets groups of citizens or 

patients. It provides tools for policy makers and/or payers that are very useful for service 

commissioning or other uses like risk adjustment analyses or actuarial approaches. The last 

two items are beyond the focus of the current document.  

It is of note that a clear distinction among population-based risk assessment tools  should 

be done depending upon the characteristics of the source population. On the one hand, health 

risk assessment tools generated by modelling the entire population of a given region (or 

geographical area) with a holistic approach are considered to follow a population health 

approach, as proposed by Kindig D et al. in 2003 [24,25]. A population-health approach 

facilitates elaboration of stratification maps characterizing risk strata distribution of the entire 

population in a given geographic location. It allows identification of subsets of citizens with 

similar healthcare requirements facilitating both case finding and screening. The former, case 

finding, identifies highly vulnerable patients, allocated at the tip of the risk pyramid who are 

prone to major deleterious health events such as unplanned hospital admissions/re-

admissions, fast functional decline and/or death [26,27]. Likewise, performing screening for 

discovery of cases with non-manifest illnesses may benefit from early diagnosis and cost-

effective preventive interventions  [28]. On the other hand, health risk assessment derived 

from subpopulations of patients are regarded as following a population medicine approach 

[24]. Comprehensive descriptions of the characteristics of health risk predictive modelling and 

the logistics required for deployment are reported elsewhere [29–33].  

Current status and factors limiting evolution – A comprehensive analysis of the characteristics 

of the relevant population-based risk prediction tools was carried out by two EU projects: 

ASSHES [34,35] and ACT [1,36]. Briefly, population-based health risk predictive modelling 

tools in place in leading European regions display marked heterogeneities in several 

dimensions that preclude comparability of the risk pyramid distributions across regions. 

Moreover, current population-based tools show some intrinsic limitations in terms of 

robustness of derived estimations, not precluding their usefulness for policy making. 

It is of note that transferability across regions, and potential for flexibility, are identified as two 

key requirements for any population-based health risk assessment tool. Factors such as: (i) 
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license binding constraints, (ii) proprietary software; (iii) lack of availability for inspection; 

and/or, (iv) rigidity of some computational algorithms (i.e. due to inclusion of expert-based 

criteria in some morbidity groupers) are limiting transferability for most of the existing 

population-based risk assessment tools.  

The above factors are also precluding adaptation of the current risk prediction tools toward 

evolving requirements such as: (i) integration between healthcare and social services; and, (ii) 

implementation of synergies between population-health and clinically oriented risk predictive 

modelling, as described in [1].  

Toward population-health approaches – There is a general consensus on the existing intrinsic 

limitations of population-based risk prediction based on a population-medicine approach. Also, 

there is agreement on the positive role ascribed to population-health risk assessment in 

regional deployment and adoption of integrated care services. We observe that well-known 

classical population-medicine risk prediction tools, like SPARRA [37], are quickly evolving 

toward a population-health approach.  

In this regard, we suggest two basic pillars for a future European adoption of population-based 

risk prediction: i) implementation of the recommendations for risk predictive modelling tools 

displayed in Table 1; and, ii) ability to report on the list of basic indicators depicted in Table 1. 

The current heterogeneities among regions clearly indicate that adjustment of the current 

settings to the recommended good practice will require site-specific transitional strategies 

whose common goals and basic principles are indicated in Tables 1  and 2. Key operational 

steps needed for practical implementation of a regional strategy for population-health risk 

predictive modelling are summarized in Table 2 . Irrespective of the management modalities 

associated with generation and exploitation of population-health risk predictive modelling 

(public vs private funding, supply & management), we emphasize the need for openness, 

flexibility and transferability of population-based risk predictive modelling in order to fulfil their 

core purposes. However, we acknowledge the complexities of the issue, also involving legal 

and ethical aspects requiring proper regulation, irrespective of the finally adopted business 

model for commercial exploitation of the predictive modelling tools.    
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Table 1 Recommendations for good practice population health risk assessment [37] 
Domain  Recommendations  Level of evidence  

Type of risk stratification tool  Predictive model using a population  
health approach  

High [24,25,29–
32,38]  

     
Validation of the model  Longitudinal follow-up High [23]  
     
Predicted/explained 
Outcomes 

Unplanned hospital-related events; risk 
of institutionalization; Death; case 
prognosis 

High [24,25,29–
32,38] 

     
Source sample  Whole regional population High [24,25] 
     
Statistical model  Predictive modelling  High [24,25,29–

32,38]  
     
Statistical indices  Standardization on reporting 

performance (positive predictive value, 
PPV)[23] and sensitivity across risk 
bands 

Moderate [23] (*) 

     
Population u sefulness  Risk adjustment; planning and 

commissioning  health services  
Support to novel reimbursement models 

High [33,39,40]  

    
Clinical & social usefulness  Identification patients at high risk and 

cost-effective preventive clinical & social 
interventions  

High [24,25,29–
32,38] 

     

Periodicity of  updates  Semester  Low (**) 
     

Clinical accessibility   Available into the professional 
workstation through clinical decision 
support systems 

High (***) 

     
Flexibility & Transferability  Open algorithms, open source, reduced 

or no licence binding. Morbidity grouper 
based on statistical criteria adjusted to 
the target population. 

High 

(*) To report metrics indicating sensitivity/specificity of predictions is recommended for good practice. 
But, some regions adopt a pragmatic approach classifying individuals into the risk-strata pyramid 
without sensitivity/specificity because of rather poor robustness of predictions provided by most of the 
models. 
(**) Periodicity of updates depends on the logistics available in each site. Yearly or six-month basis 
seem reasonable 
(***) Development of adequate clinical decision support systems (CDSS) depends on three main 
factors: i) Robustness of computational modelling feeding the CDSS; ii) Refinement of the CDSS 
generated by the clinical feedback; and, iii) Appropriate dashboard providing a user-friendly interface 
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Table 2. Recommended operational steps toward implementation of a regional strategy for 
health risk assessment [1].  
 
Recommended operational steps  

1. Health risk predictive modelling implementation  - Use a population-health risk assessment 
tool fulfilling the requirements indicated in Table 1, either by fostering the evolution of your own 
risk assessment tool or by adopting an existing risk assessment tool that fits your local needs, 
which can be used without any license bindings and supports an open market of suppliers. 
Screen your population on a regular and repeated basis. Be aware of the logistics required at 
regional level to develop operational health risk prediction strategies: i) identify and overcome 
the practical local hurdles and barriers for accessing and linking routine administrative and 
clinical data and, ii) estimate the cost of running a tool, software platform, data integration, as 
well as labour for operations. 

  
2.  Define and activate specific functionalities - Use population-health risk stratification to 

understand the needs and risks of your population to target and prioritize effective integrated 
care. Make the outcome to be predicted operational (risk type: unplanned hospital related event; 
functional decline/frailty; death, etc...) aiming at healthcare value generation by embedding risk 
assessment into healthcare delivery (i.e. setting cost-effective preventive interventions). Also, 
decide what risk strata you would like to address (i.e., risk pyramid with one top, two intermediate 
and one bottom layer).  

  
3. Engage professionals and customize the setting  - Engage and educate your healthcare 

professionals and clinical staff in the use, value and shortcomings of risk stratification in order to 
gradually obtain the buy-in of the clinical community. Use an iterative co-design process involving 
healthcare professionals to define clinical applicability of outcomes of population-based risk 
prediction. Also, involve them in designing the characteristics of the dashboard displaying 
information on risk outcomes in the clinical workstation. Likewise, cohorts and associated 
protocols designed to assess interventions on specific risk strata should be implemented in close 
collaboration with healthcare professionals who should be informed about usefulness and 
potential pitfalls associated with health risk prediction. Moreover, studies evaluating the potential 
of population-based risk assessment for enriching individual risk predictive models addressing 
specific clinical issues should be designed and conducted with clinical professionals.   

 
4. Generate recommended indicators with standardized r eporting  - Protocols for data 

harmonization and data reporting should be in place and shared at European level in order to 
ensure comparability across regions. 
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A comprehensive approach for health risk assessment  

Synergies between patient-based and population-health risk assessment – As alluded to 

above, these two modalities of health risk assessment must not be addressed as isolated 

silos. There is increasing evidence [41] indicating that those population-health risk predictive 

tools following the principles indicated in Table 1; thus, showing flexibility and transferability, 

could be further statistically refined by enriching the spectrum of covariates considered in the 

patient-based health risk assessment computational models.  

An example of this would be personalizing information on socioeconomic status or by taking 

into account other relevant additional variables. Moreover, as an effective bridge between 

clinical risk assessment and population-health predictive modelling, we propose to incorporate 

the classification of the individual in the population-health risk stratification pyramid as one of 

the covariates of patient-based health risk predictive models. It is of note, however, that 

prospective assessment of the practicalities, as well as quantification of the added value of the 

proposed approach, needs to be further examined with targeted research strategies.  

Paving the way for personalized medicine – As alluded to above, current patient-based health 

risk predictive models are essentially using clinical variables only. However, three categories 

of covariates have been identified to show potential for inclusion into patient-based health risk 

predictive models, as displayed in Figure 1 : (i) input from enhanced case finding tools; that is, 

population-health risk predictive models, as mentioned above; (ii) individual clinical, 

physiological and biological information relevant to the medical problem being assessed; and 

(iii) subject-specific informal care data including lifestyle, adherence profile, socioeconomic 

status, requirements in terms of social support and environmental factors. It is hypothesized 

that inclusion of all these covariates influencing patient health may markedly increase the 

predictive accuracy and facilitate clinical decision-making based on sound estimates of the 

prognosis of an individual.  

The three categories of covariates displayed in Figure 2  shall be dynamically captured from 

different sources, respectively: (i) population-health risk predictive models; (ii) articulated 

healthcare and biomedical research knowledge (integration of clinical, physiological and 

biological/molecular information); and, (iii) in-place personal health folders (lifestyle, 

adherence profile, socioeconomic status, social support and environmental factors).  

The implementation of specific solutions within a Digital Health Framework, conceptually 

formulated in [8] (Figure 3 ), should have the potential to articulate the three categories of 
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variables potentially allowing for dynamic assessment of health risk both for population-based 

purposes, but also for specific clinical problems. A Digital Health Framework is only a 

conceptual formulation, but it contains the seeds to foster the concept of the “exposome”, as 

defined by Coughlin SS [42], which provides the basis for personalized medicine for chronic 

cases. There is no doubt that the implementation of specific solutions within the envisaged 

Digital Health Framework constitutes an ambitious endeavour requiring a stepwise approach 

to effectively overcome major challenges involved in the transitional process to make it 

operational.  

Enhanced applicability and integration of powerful data analytics, including risk predictive 

modelling, into clinical practice also constitutes a central goal of the CONNECARE project. In 

this regard, the development of novel clinical decision support systems, supported by 

advanced visual analytics, facilitating representation of patient information for effective clinical 

management of time-varying individualized data is a real yet unmet need to facilitate clinical 

judgement for decision-making. Moreover, studies assessing the potential of different 

modalities of patient gateways, like the personal health folder, for patient self-management 

purposes and for collection of informal care variables, are urgently needed.  

 

Current status and factors limiting evolution - This holistic approach generates novel 

requirements to be adopted by the field. Firstly, the need for multilevel integration of 

heterogeneous patient information, namely: socio-economical, life-style, behavioural, clinical, 

physiological, cellular and “omics” data [8,43], and their use for the study of disease 

mechanisms. Secondly, the need to extend current trends on open data from the biomedical 

community [43] to the clinical practice and the whole society, by engaging citizens and solving 

privacy and regulatory constraints.  

The novel healthcare scenario reveals new emerging needs regarding highly relevant non-

solved ethical issues. These are related to privacy, security of data transfer, as well as risks 

associated with healthcare decisions that rely on inadequate risk predictive models. The 

complexities involved in some of these aspects can only be addressed through a democratic 

debate; openness and transparency of the healthcare governance; as well as a timely and 

appropriate evolution of legal frames.    

Main identified barriers and opportunities to enable the required potential for Big Data 

analytics in health applications in health have been identified in a European Union study on 
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Big Data in Public Health, Telemedicine and Healthcare [44]. As a result of the systematic 

review recommendations were identified ten relevant fields, which should be taken into 

account to structure the following list of potential areas of improvement, as recently reported in 

[43] and summarized in Table 3.   
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Table 3. Barriers and opportunities to enable Big Data applications in health [43]. 

Barriers and opportunities 

1. Standards and protocols  - Health data is not always available in a digitized form. Its transformation 
into structured formats (e.g., HL7 CDA) and the movement of health registries out of current silos in 
formal care, informal care and biomedical research might be costly. Moreover, current developments 
focus on standards to guarantee data standardization and interoperability (e.g., ICD, DICOM, SNOMED, 
HL7, ISATab, etc.), but do not consider data quality and how to manage patient identity across data 
sources (e.g., unique patient identifiers) 

  

2. Technological developments -  New technological and software developments can improve the 
utility and security of health registries and enable data analysis in real-time settings. However, in order 
to run pre-processing routines and machine learning algorithms to build predictive models and perform 
integrative multi-scale simulations, it arises the need to allocate clusters of computers working in a 
collaborative way and supporting novel stacks of privacy-preserving software frameworks and tools 
which require expert Big Data scientists and engineers. 

  

3. Data analytics - High awareness and understanding of the added-value of Big Data applications with 
Health information can promote the development of success stories. Considering that real-time, menu-
driven, user-friendly and transparent data analytics tools might not be fully developed yet, entrepreneurs 
and early- adopters might foster the use of innovative Big Data analytics in health. 

  
4.  Legal  aspects - Although the General Data Protection Regulation (EU) 2016/679 provides more 
precise definitions of health data, consent and scientific research, most rules relevant for health (such 
as the eventual requirement of informed consent, the potential use of professional secrecy as an 
obstacle to share health information, and the many references to member state laws) might hinder 
gathering and sharing personal health data. Therefore, there is an urgent EU need for aligning existing 
fragmented national legislations on collection, storage, analysis, use and dissemination of health data 
toward the foundation of global legal frameworks to support development and assessment of digital 
health services. 

  
5.  Stakeholders - There is an increasing need for the coordination of interests and responsibilities 
among different stakeholders (e.g., payers, healthcare providers, academia, clinicians, patients and 
patients’ associations, etc.). Involving opinion leaders in different public and private stakeholders’ 
groups in public consultations might reduce risk while increasing acceptance and the probability of 
successful applications. 

  

6.  Business models - Huge potential health and economic benefits can be envisaged in terms of 
accelerating cross-fertilization between knowledge generation (biomedical research) and both health 
and informal care data. Progress in this direction will be strongly associated to innovative business 
models, such as bundle payment for care improvement, providing sustainability of platforms beyond 
specific projects that triggered the initial settings. 
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Figure 3  – Scheme of the Digital Health Framework [8], a digital data normalization and 
knowledge management framework for knowledge generation and to embed novel 
Clinical Decision Support Systems (CDSS) into integrated care processes.  

 

1.2 Patient-based risk stratification, patient simi larity and service selection 

Section 1.1  provides the conceptual basis to overcome, at least partly, the three current 

limitations of patient-based risk prediction alluded above. It should be done through: i) 

Enrichment of predictive modelling with other variables obtained with a multilevel approach; ii) 

Ensuring general applicability and transferability of current predictive tools to other populations 

outside the source study groups; and, iii) Prevent the use of risk factors, defined as odds 

ratios, to assess prognosis in clinical practice. Instead, the receiver-operating characteristic 

(ROC) curve should be the standard tool for assessing performance of clinical risk prediction 

models [23]. This section addresses advanced operational aspects for a future generation of 

personalized patient actions plans.  

Rationale – When considering one disease in a given patient, prognosis is essentially based 

on two main parameters: i) severity , defined as the degree of alteration of the organ/systems 

caused by the disease, which have an impact on the functional reserve; and, ii) activity , 

defined by the rate of progression of the disease. It is of note that appropriate markers of 

these two phenomena contribute to define both risk and prognosis of the patient which, in 
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turn, facilitates his/her classification into risk strata; that is, patient stratification. Moreover, the 

combination of patient stratification and the identification of the disease end-points, or target 

outcomes, are the two key elements to define specific therapeutic strategies or action plans 

for the patient. The ultimate aim is to classify the patient in the appropriate health tier, and 

identify the type of service that would allow optimization of healthcare provision.    

However, real world healthcare settings face high levels of complexity that are imposing huge 

challenges, specifically on risk assessment and patient stratification for adequate service 

selection. Main determinants of such complexity are: i) Patient heterogeneity with lack 

appropriate biomarkers and/or insufficiently defined end-points of the disease; ii) Co-existence 

of one main disease and several accompanying disorders (or co-morbidities) or simply multi-

morbidity; in some cases showing shared mechanisms that may explain co-morbidity 

clustering [45]; iii) Poor control on factors determining health status beyond the clinical 

scenario (socio-demographics, biological and lifestyle related data, as displayed in Figure 2 ); 

iv) Patient health risk is a dynamic phenomenon with sometimes unexpected events that 

requires high levels of flexibility in terms of event-handling by the case manager in charge of 

the patient; and, v) Fragmentation of healthcare services.  

CONNECARE assumes that convergence between large scale implementation of integrated 

care and adoption of a systems medicine approach should contribute to successfully make 

management aware of the above healthcare complexity, as represented by complex chronic 

patients. It is of note, however, that both dynamic health risk assessment and innovative 

organizational settings that facilitate collaborative adaptive case management (ACM) need to 

be implemented, as described in D2.2. Adaptive Case Management Design.   

Regarding the methodological aspects of patient-based risk assessment, recent 

recommended virtual cohorts based on patient similarity [46,47], seem to provide innovative 

approaches to stratification of patients leading to more accurate risk prediction and better 

service selection than that achieved with classical tools, as described below. 

Methods and tools - Traditional predictive modelling uses routine data which are entered into 

a statistical model, mostly into a logistic regression model, in order to calculate the risk 

through odds ratios, e.g. risk of hospital readmission. However, implementation of a predictive 

model requires a definition of the risk threshold score identified using ROC curves [23]. This is 

the level above which people are to be defined as ‘high risk’ and above which services or 

interventions are to be put in place. The accuracy of  prediction of healthcare utilization and 
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costs (i.e. ER and hospital admissions, and high-cost users) of currently available models 

ranges from 0.68–0.81 (area under receiver operating characteristic [ROC] curve) [23,48,49]. 

However, many advances have been made in predictive modelling toward outcome prediction. 

These innovations target an average patient and are insufficiently adjustable for individual 

patients. One developing idea in this field is individualized predictive analytics based on 

patient similarity. Patient similarity is a central concept for quantifying the degree of similarity 

between an index patient and a past patient regarding their risk factors, including biological 

and clinical characteristics. This approach aims to identify similar patients from the historical 

data and derive insights from their records to provide personalized predictions [46,47,50]. 

Virtual patient cohorts can be created using clustering methods that find groups of similar 

patients in the population or personalized cohorts that can be assigned to an index patient by 

retrieving the N most similar patients. Stratification of patients based on several factors 

including diagnoses, risk factors and biological background could allow optimization of 

healthcare provision and could address main limiting factors arising from the high complexity 

of the task. Examples of current applications of this approach include prediction of heart 

failure from tele-monitoring data [51,50], risk factor identification of similar patients [52] and 

personalized treatment and drug recommendation systems [50,53], which list could be further 

broadened in the DHF scenario. 
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Figure 4. The figure shows two interoperable domains (Informal Care and Healthcare) with 
technological elements providing support to execution of the action plan including: i) Patient 
self-management; ii) Promotion of healthier lifestyles; and, iii) Remote interactions with health 
professionals. On the left, there is Informal Care area with the patient having access to the 
Personal Health Folder (PHF) wherein she/he can answer questionnaires, perform monitoring 
through mHealth apps, and have access to a follow-up reports and tailored educational 
information, as defined in the work plan (centre of the figure). On the right, we see the Formal 
Care domain wherein the case manager and/or other health professionals have access to an 
adaptive case management system for work plan prescription, follow-up and coaching. The 
adaptive case management system supports execution of the patient work plan and provides 
a bridge of interoperability and collaborative tools among the patient (through the PHF), the 
case manager and the electronic medical record (EMR). 

 

Comprehensive & dynamic individualized care plans – In an integrated care scenario, like 

CONNECARE, individualized care plans should address multi-morbidity; that is, they should 

be patient-centred (not disease-oriented). Dynamic health risk assessment properly 

implemented and promotion of patient-self management aiming at optimal adherence should 

be a well-defined end point. Therapeutic plans should be designed with a preventive approach 

while encompassing pharmacological and non-pharmacological actions. Moreover, 

accessibility to health professionals, as well as to informal careers, with ability to perform off-

line, and sometimes on-line, remote interactions, including monitoring, should be ensured. We 

believe that a proper interplay between the personal health folder (PHF) (including the self-
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management system - SMS - developed in CONNECARE) and the healthcare system may 

facilitate the ideal setting described above and illustrated in Figure 4 . Moreover, the PHF can 

be an optimal interface to integrated informal care information into the healthcare scenario, as 

envisaged in the concept of Digital Health Framework (DHF). 

 

1.3 Learning Healthcare Systems 

We acknowledge that implementation of the setting described above implies realization of a 

new health paradigm. Some of these elements, already targeted in the CONNECARE project, 

constitute key achievements toward the concept of learning healthcare systems recently 

described by the American Heart Association (AHA) [2].  

In 2013, the Institute of Medicine reported Best Care and Lower Cost: The Path to 

Continuously Learning Health Care in America [54] wherein the concept of Learning Health 

Care Systems (LHS) was formulated as a strategy to improve the quality and efficiency of 

healthcare. A recent document generated by the AHA [2] further develops the concept of LHS 

and proposes specific steps to make it operational and evaluate its implementation, see Table 

2 in [2]. It is of note that LHS is fully aligned with the concept of DHF displayed in Figure 3  of 

the current document.  

Briefly, LHS uses health information technology and the health data infrastructure to apply 

scientific evidence at the point of clinical care while simultaneously collecting insights from that 

care to promote innovation in optimal healthcare delivery and to fuel new scientific discovery 

[2]. Such a system creates an iterative learning process where evidence informs practice and 

practice informs evidence (Figure 5 ).  

The main goal of LHS is to facilitate an optimal care decision and delivery by reducing the 

complexity of the massive amount of clinical data that’s being produced every day and to 

improve efficiency of health outcomes both in terms of well-being and expenditures. The LHS 

relies on the availability of health-related data and tools that process it, such as predictive 

modelling and clinical decision support (CDSS) contributing to the acceleration of evidence 

diffusion to practice, help to identify gaps in care and to target interventions to appropriate 

population.  

Main technical building blocks of such a system are data availability, predictive modelling, 

service selection and clinical decision support systems. Data is key because it provides the 

continuous feedback from the practice, while predictive modelling processes and extracts 
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important information from the produced data. Computed patient risk then can be used to 

stratify patients to intervention groups that help in the optimal service selection for the patient. 

 

Figure 5  – Basic traits of a Learning Healthcare System (LHS) . It constitutes an 
organizational concept technologically supported by the Digital Health Framework 
(DHF) depicted in Figure 3  of the current document. The LHS fosters generation of 
scientifically-based evidence and speed-up its applicability into healthcare. Regarding 
health risk predictive modelling, it shall allow inclusion of covariates from multilevel 
data sources which should enhance model robustness and eventually transferability 
feeding clinical decision support systems (CDSS) for appropriate integrated care 
service selection.   
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2. ���	������	�����	������	���	��������������	�����	 	 

2.1 Catalonia (ES): Lleida and Barcelona   

Catalonia is actively working to achieve maturity of ongoing developments aiming at regional 

implementation of some key components of the Digital Health Framework (DHF) displayed in 

Figure 3  of the document. The ultimate aim is to make the scheme depicted in Figure 4  

operational for different integrated care services, including CONNECARE case studies 1, 2 

and 3.  

Because of the existence of a well-defined regional risk assessment strategy, Lleida and 

Barcelona are jointly reported as one site regarding Task 2.3. A core strategic trait in the 

Catalan scenario is to foster convergence among: i) Evolution of existing regional assets; ii) 

Deployment initiatives at regional level (i.e. RIS3CAT initiatives like NEXTCARE - 

www.nextcarecat.cat); and, iii) Research and innovation projects. The three main regional 

assets considered for the purposes of the CONNECARE project are: 

Adjusted Morbidity Groups (GMA)  - The Catalan Health Surveillance System (CHSS) 

includes updated registries of the region of Catalonia (ES) (7.5M inhabitants) from Primary 

Care, Hospital-related events (hospitalizations, emergency room consultations and specialized 

outpatient visits), Pharmacy, Mental Health, Socio-sanitary services and other items (home-

based respiratory therapies, dialysis, outpatient rehabilitation and non-urgent healthcare 

transportation) since 2011 [21,22]. It allows analyses of the use of healthcare resources, 

pharmacy consumption, prevalence of key disorders and population-based health risk 

assessment [1,20]. It is of note that although integration of CHSS registry data with electronic 

medical records is not yet in place, it constitutes the main goal of the PADRIS program [55], 

officially launched on January 2017.  

The regional population-based health risk assessment tool, named GMA (Adjusted Morbidity 

Groups), is  used to elaborate the health risk strata pyramid of the general population of 

Catalonia [1,20].  The GMA tool predicts individual patient risk, periodically updated on a six-

month basis, based on multi-morbidity information gathered from CHSS registry data. The 

rationale behind the use of GMA, against alternative health risk assessment tools, is that it 

complies with four main recommended criteria described in Table 1 [1], that is: (i) a population 

health approach (uses the entire population of 7.5M inhabitants of the region); (ii) without 

licensing constraints; (iii) open source computational algorithms; and, iv) the adjusted 
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morbidity grouper relies mostly on statistical criteria, as opposed to other tools that include 

expert-based coefficients, thus facilitating quick transferability to other territories. Detailed 

descriptions of the GMA, as well as its evaluation, have been reported elsewhere [20]. 

Unpublished results strongly support the core hypothesis of CONNECARE suggesting that 

GMA: i) Is a  better index of multimorbidity-associated use of resources in primary care, as 

compared with other indicators (CRG, ACG, Charlson, etc…); and, ii) it has high potential to 

predict clinical events [20].  

Overall, the GMA shows flexibility and transferability, as demonstrated by its recent adoption 

by thirteen out of the seventeen regional healthcare systems in Spain, covering 92% of the 

overall Spanish population, approximately 38 million citizens. Consequently, GMA can be 

considered a health risk assessment model that overcomes the main limitations identified in 

[1,20]. Accordingly, it seems suited for further assessment of the potential of population-health 

risk assessment and to enhance clinical risk modelling, as depicted in Figure 1 .  

Cat@Salut La Meva Salut (LMS)  – The Personal Health Folder of Catalonia is linked to the 

Catalan interoperability system (shared electronic medical record at regional level, HC3), and 

provides citizens with an access point to information about their health insurance. Cat@Salut 

LMS can also act as the citizen entry point for some of the supported processes (e.g. Medical 

appointments) and potentially for informal health data sources (e.g. mobile health applications, 

community medical devices, etc.). One of the aims of the project is to foster transformation of 

Cat@Salut LMS into a patient-self management tool supporting the three use cases of 

CONNECARE.  

The regional interoperability framework - The Catalan health information exchange system 

(WiFiS) integrates basic highly standardized processes, namely: medical appointments, 

clinical data exchange, medical referral, etc., among healthcare providers with heterogeneous 

proprietary systems. It could also perform sectorial message routing and message delivery 

control. The shared electronic health record (HC3) of Catalonia is a single system of medical 

records shared between different actors. The HC3 enables the: i) Display of information that 

collects socio-demographic data of the citizen, documents or reports, prescriptions and 

immunization plus a summary screen with the most recent and relevant references; ii) 

provision of direct messaging between professionals to facilitate their cooperation; and iii) 

adds, at a later date, with ad hoc rules, clinical data provided by the private health sector or 

the proper citizen. The CONNECARE project is fully aligned with current technological 

developments on top of the current interoperability system aiming at supporting collaborative 
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adaptive case management, as described in deliverable D2.2. Adaptive Case Management 

Design, and depicted in Figure 6 . 

 

 

Figure 6 – Regional (Catalan) interoperability framework to support Adaptive Case Management (ACM) 
at a glance. 

 

The general aims regarding health risk assessment are twofold: 

1. To assess the potential of the Catalan Health Surveillance System (CHSS) and its 

population-based health risk assessment tool based on adjusted morbidity groups (GMA) 

to enhance clinical risk prediction . The three use cases of CONNECARE will be the 

basis for elaboration and evaluation of two families of enhanced clinical predictive 

modelling, as briefly described below. 

 

2. To elaborate a roadmap for use of multiple sources of information to refine clinical risk 

prediction for the individual patient. The ultimate aim is to support early diagnosis and 

preventive interventions, using: (1) Electronic Medical Records, (2) Registry data (CHSS & 

GMA), (3) Biomedical research info (“omics”), and, (4) Informal care data (Personal Health 

Folder) (Figures  1-3 )                   

 

During the project life span, Lleida and Barcelona are planning to generate enhanced clinical 

health risk predictive modelling for the three use cases in order to fulfil a twofold aim: i) To 

assess the added value, in terms of both robustness and potential for model generalization, of 

incorporating refined GMA versions into patient-based risk assessment; and, ii) To feed 

clinical decision support systems (CDSS) that should facilitate optimal allocation of patients 

into the most appropriate integrated care services.     
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Use Case 1 – Management of Complex Chronic Patients (CCP) – CONNECARE will 

elaborate and evaluate predictive modelling to assess: i) risk of failure within the period of 

home hospitalization; ii) risk of early hospital re-admission after home hospitalization 

discharge (at 30 and 90 days after discharge); and, iii) clusters of patients for transitional care 

service selection.  

Initial predictive modelling will be carried out using historical data from 2006 to 2015 described 

in [56]. This information will be enriched with data mining in electronic medical records and 

further evaluated incorporating the GMA grading of the patients as a covariate into the 

predictive modelling, as explained in detail in Annex I. We estimate that predictive modelling 

generated using enriched historical data (2006-2015) will be evaluated with prospective 

information from 2016. Moreover, the strategies developed in Task 2.3 are closely aligned with 

the activity performed in Task 3.4 in order to generate CDSS to be assessed within the 

CONNECARE life span.  

Use Cases 2 and 3 – Peri-surgical care – During the first year of the CONNECARE project, 

we have reported efficacy [57] and cost-effectiveness [58] of pre-habilitation in high risk 

candidates for major abdominal surgery. Prehabilitation (Case 3) has been adopted as a main 

stream service at Hospital Clinic. It is currently being extended to high risk candidates to other 

types of major surgery (cardiovascular, gynaecological, etc.). Moreover, we are in the process 

of designing a complete peri-operative program encompassing pre- and post-surgical care. De 

facto, we will be merging use case 2 and use case 3. Such a broad focus is generating 

requirements in terms of health risk prediction and allocation of candidates into appropriate 

peri-surgical care services with a community-based approach. We believe that the strategy for 

clinical risk prediction developed for case 1 will be generalized for cases 2 and 3 as soon as a 

proper evaluation of case 1 predictive modelling is completed.  In summary, our estimation is 

that during the first quarter of 2018, we should be able to design the studies aiming at patient-

based risk stratification of peri-surgical care.  

 

2.2 Groningen (NL)  

Case study 1: Embrace - Embrace is a person-centred and integrated primary care service 

that includes the population of all community living older adults aged 75-years or older. The 

development of Embrace is based on two evidence-based and wold-wide accepted models for 

organizing care and support, the Chronic Care Model and a population health management 
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model, the Kaiser Permanente Triangle. Both models were translated to the Dutch situation 

and specified for older adults. All structural aspects of both models were implemented at the 

same time and mutual connected.        

Based on the Chronic Care Model (CCM), the health system is connected with community 

services, and reflects the four key elements of the CCM: self-management support, delivery 

system design, decision support, and clinical information systems. These are combined with a 

population health management model in terms of the Kaiser Permanente triangle to classify 

community-living older adults into risk profiles. 

 

The formal risk stratification approach used in Embrace is based on the response of 

community living older adults on the annual (postal) questionnaire that participating older adult 

receive from their GP. This questionnaire contains, among other questions, the Intermed-SA-E 

and the Groningen Frailty Indicator for classification of the individual older adult into a risk 

profile. 

Both on the level of the individual and the population risk is being stratified into three risk 

profiles according to levels of complexity of care needs and frailty. The risk profile “Robust” 

comprises participants without complex care needs and relatively low levels of frailty. These 

older adults hardly experience any consequences of aging and have an active social life, but 

are at risk of health-related problems due to the ageing process. The risk profile “Frail” 

comprises participants at risk of developing complex care needs and higher levels of frailty. 

These older adults increasingly suffer from the consequences of aging and experience 

growing dependency on others, while simultaneously their social network is shrinking. The risk 

profile “Complex care needs” comprises participants with complex care needs. These older 

adults are dependent on professional support for several of the underlying aspects due to the 

consequences of aging, and are at risk for referral to a hospital or nursing home.   

Elements of case identification, selection and evaluation are incorporated. The degree of 

deployment of the stratification approach is done on a yearly basis. The approach is used 

based on clinical criteria and deployed as a predictive tool for future health related problems.  
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The regional health plans for citizens in our region involves on the one hand taking care of 

people in their own home environment for as long as possible, outside the walls of the 

hospital. On the other hand, for patients being discharged out of the hospital monitoring health 

status and preventing early readmission is pivotal. The development and implementation of 

the CONNECARE system could support these ambitions in the following ways. First, it will 

empower citizens by providing a platform which can be accessed and gives an up to date 

overview of current medical status and treatment plans. Also, it will improve communication 

not only with friends and family but ultimately with care professionals. By sharing health and/or 

treatment plans also over time early detection of declining health can be signalled and 

appropriate steps taken before citizens require complex care in the hospital. This will support 

integration of care over the entire care continuum and improve quality of life.  

Second, for patients being discharged from the hospital the CONNECARE system will provide 

real-time information on current health status including vital signs. The system will allow more 

direct contact with care professionals in case of potential emergencies thereby filling up 

current gaps in communication following hospital discharge making it difficult for clinicians to 

monitor the well-being of patients. This will help streamlining conflicting advice given by 

different healthcare professionals involved in the recovery process. Being in direct contact will 

the care professional will also assist in the early detection of postoperative complications, an 

important reason for hospital readmission of surgical oncological patients. By applying early 

detection through the use of mobile devices complications and deviations from in 

postoperative recovery can be timely recognised and avoided.  

Case study 1: The asthma and COPD Telehealth service - The asthma and COPD telehealth 

service is a cooperation between general practitioners, lung physicians and the department of 

general practice of the UMCG. The aim is to accomplish early diagnoses and treatment 

thereby enhancing asthma control, improving COPD health status, reducing morbidity, and 

improving the quality of life. This telehealth management support service assists GPs by 

examining patients and providing detailed diagnosis and treatment advice from 

pulmonologists through the internet.  The aim is to provide an accurate and easily accessible 

service for GPs and patients, including also rural areas. Every patient suspected of having 

asthma, COPD, ACOS or who presents with pulmonary symptoms of unknown origin is 

eligible for inclusion. 

Diagnosis and treatment advice based on a history questionnaire, the clinical COP 

Questionnaire, the Asthma Control Questionnaire and physical assessment in a laboratory 
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nearby. The data are filled in on a computer system by the laboratory assistant and are sent to 

the local pulmonologist by using an internet connection. The pulmonologist gives a working 

diagnosis and treatment advice through the computer and submits this to an online system. 

The GP receives this immediately through internet on his computer and can discuss the 

outcome with the patient. 

The introduction of the CONNECARE system will expand the AC telehealth service in a 

couple of ways. First, the aim is to include the patient in the healthcare system thereby 

supporting disease management by accessing current information on health status. Also it will 

allow the patient to review the results of diagnostic tests and access to reliable websites on 

lung diseases, treatment and medication based on the advices of the pulmonologist. As such, 

a self-managed e-Health solution is offered in which the patient is in charge of his or own 

health plans. Self-management of patients is stimulated giving the patient a proactive role and 

central position in the decision making process. Tools will be provided within the 

CONNECARE system to empower patients, for instance by lifestyle monitoring through 

various mobile applications and devices. Changes in health status can be detected more 

easily and direct communication via chat with the professional will allow for prompt 

communication and adaptation of management plans when and if necessary. Patients can 

discuss the progress with their health care provider.  

Case study 2: Major elective surgery - Within the patient cohort under investigation, patients 

are selected and stratified based on age (65 years and older), and classified as undergoing a 

high-risk surgical procedure for a solid malignant tumour in the operative centre of the 

University Medical Centre Groningen. High risk is defined as intracavitary surgery lasting more 

than 180 minutes.  Care for these patients typically consists of a pre, peri, and post-operative 

phase. Currently, following discharge, the patient is scheduled for a two-week follow up at the 

outpatient clinic in the hospital. In between two or three phone consultations are planned. 

However, the degree of guidance and monitoring of recovery is limited once patients have 

been discharged from the hospital. The late diagnosis of post discharge complications has a 

negative impact on quality of life, clinical outcomes, medical consumption and increased 

healthcare costs. Postoperative care is a critical component of recovery following surgical 

procedures. More intensive monitoring of patients can increase speed of recovery, improve 

clinical outcomes, enhance patient satisfaction and decrease the rate of hospital 

readmissions. While clinic visits are the standard method of follow-up care, they can be non-

practical at times due to patient immobility as a result of the nature of their surgery.   
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The CONNECARE system aims to further improve current disease management by using 

electronic data to enable patient monitoring, particularly in the postoperative setting. This 

approach could increase patient access to convenient postoperative care, expedite decisions 

about management, lead to earlier detection of postoperative complications, avoid 

unnecessary medical consumption and increase surgeon efficiency, making it a preferred 

method of follow-up for appropriate patients following surgery and discharge.  

Therefore, improving the quality of postoperative care with e-health, with special focus on 

post-discharge care, may contribute to accelerated recovery, health care efficiency and better 

complication monitoring, which in turn may reduce readmission rates and health care costs. 

We hypothesize that with a novel smart, adaptive integrated care system to monitor elderly 

oncological patients after discharge following surgery, complications and deviations in 

postoperative recovery can be timely recognised and avoided.  

 

2.3 Assuta (IL)  

The Israeli healthcare System was one of the first internationally to begin computerizing its 

healthcare system. Maccabi Healthcare Services, the second largest Healthcare 

insurer/provider, was the pioneer in this area and began to computerize its physicians in 1989 

– with all of their doctors working on electronic medical records by 1993. This was expanded 

to include nurses and all of the other health professionals within the following few years. In 

1989, all Maccabi members received a magnetic membership card which is presented at each 

point of service such that ALL transactions with the patient (both clinical and administrative) 

are computerized and all of the data is stored in the Central data base. In 2001, Maccabi 

members were given access to their own medical information through a patient web portal and 

this can now be accessed by smartphone.  

In addition to accessing his EMR data, the patient can access a full service directory and 

make appointments for all clinical services. The system has a GPS function that will show the 

patient services close to his current location. In addition, the web portal is now interactive and 

members can request prescription renewals and receive electronic prescriptions, likewise with 

referrals and other medical documents. All of this is captured in the Central Electronic Medical 

Record (EMR) and data base. As each member who uses the portal is registered in the 

system, tracking use of the portal also provides information on the technological level of the 

user as well as things such as whether he has WIFI at home, etc. 
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The above situation is similar in all 4 Israeli health plans. In addition, all hospitals in Israel are 

using electronic medical records and a system has been implemented enabling doctors in the 

community to see their patient's record while in hospital and vice-versa – the hospital doctor 

can see a patient's community EMR.  

Maccabi and Assuta have taken this further as they are affiliated organizations. Maccabi has a 

doctor's web portal and Assuta physicians can access full information on their Maccabi 

patients via the portal. Maccabi and Assuta are taking the next step toward a fully integrated 

system with the opening of Assuta's new public hospital in the city of Ashdod, and this 

integrated system will be tested through the CONNECARE project. This will expand the 

clinical information in the data base with more specific hospital based data. In addition, it will 

expand the social services data as Assuta has reached an agreement with the Ashdod Social 

Services department on sharing data regarding hospitalized patients (with patient consent, of 

course). 

Maccabi now has a longitudinal base containing over 20 years of patient data from birth to 

death on a stable population (< 2% annual turnover) of more than 2 million people.  The data 

base is comprehensive, with extensive demographic data on each patient along with complete 

data on each patient from all clinical interactions and activities. The data base includes 

diagnoses and problems, medications prescribed and purchased, results of all diagnostic tests 

(laboratory, imaging, ECG and etc.), all visits to doctors and other health professionals, ER 

visits, hospitalizations. The data from the EMR has been enriched by administrative data and 

data from outside of the Maccabi system such as patients receiving personal caregiver 

services from the Social Security Institute, as well as patients who have applied for the service 

and not been accepted. In addition, as the full address of every member is in the database, 

we are able to correlate it with a Socio-Economic Status Analysis Using a GIS system.  There 

is also geographically based socioeconomic data from the Central Bureau of Statistics and 

input into the Maccabi data base from location intelligence applications that analyse 

demographic characteristics in defined statistical geographic areas. Maccabi also has data on 

patients receiving welfare subsidies.  

For purposes of patient stratification, Maccabi has organized its vast data base into patient 

registries including the medical problems depicted in Table 4. These patient registries are 

populated and updated daily using algorithms that run on the entire database. The registries 

form the basis for the Clinical Decision Support System (CDSS) which provides alerts and 
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recommendations to clinicians as well as to the patients themselves. Using advanced data 

mining techniques, it also supports predictive risk stratification. 

 
Table 4. List of medical problems included in the patient registries. 

 

Medical problems 

Osteoporosis 

Diabetes 

Cardiovascular disease, 

Infertility 

Weight disorders 

Hypertension 

Schizophrenia/bipolar 

Cancer 

Warfarin Treatment 
Chronic Obstructive Lung 
disease 

Home Care 

Complex patients 
 

Examples of this are the identification of members that need to do prevention such as women 

who need to have a breast check and do mammography, members who need to get a flu shot, 

members who need to get a pneumovax vaccination and etc. The result of this appears as 

personal  recommendations to the member – both on the member portal as well as proactively 

as a text message on their mobile phones, as well as pop us recommendations to the 

member’s family doctor. 

As an example of a more sophisticated risk assessment model, Maccabi together with Medial 

Research (a pioneer in the field of algorithmic analysis of medical data) developed and 

validated a model to identify individuals at increased risk for colorectal cancer (CRC) by 

analysing blood counts, age, and sex, and then determined the model's value when used to 

supplement conventional screening in a bi-national Israel-UK study. 

Using blood counts obtained 3-6 months before diagnosis, the area under the curve for 

detecting CRC was 0.82�±�0.01 for the Israeli validation set. The specificity was 88�±�2% in the 

Israeli validation set and 94�±�1% in the UK dataset. Detecting 50% of CRC cases, the odds 

ratio was 26�±�5 and 40�±�6, respectively, for a false-positive rate of 0.5%. Specificity for 50% 
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detection was 87�±�2% a year before diagnosis and 85�±�2% for localized cancers. When used 

in addition to the faecal occult blood test, our model enabled more than a 2-fold increase in 

CRC detection. This has now been incorporated into the Maccabi CDSS and clinicians are 

receiving alerts identifying individuals requiring additional clinical evaluation in order to detect 

CRC earlier in clinical practice [59]. 

Maccabi’s complex patient registry is an example of an amalgam of population based risk 

stratification with patient based stratification given that the data based is comprised of all 

Maccabi members, the majority of whom are not necessarily patients. As noted above, the 

data base contains data from population based sources outside of the electronic medical 

record data. The purpose of the Registry is to identify Maccabi members at risk for potential 

exacerbation of their condition, higher use of healthcare resources, including hospitalization. ��

The approach pioneered in the development of the complex patient registry is guiding the 

integrated care system being jointly developed for complex chronic patients (CCP) by Assuta 

and Maccabi in Ashdod that includes a risk stratification model and algorithm used to identify 

patients for inclusion in the CCP registry. It is being implemented in the screen of the 

professional work station to identify patients at the time of hospitalization who require inpatient 

case management and follow-up integrated care in the community. The aim is to assure more 

rapid recovery and recuperation and to prevent excessive use of healthcare resources and 

preventable readmissions. This risk stratification model will be implemented in the 

CONNECARE project to identify patients for inclusion in both Case 1 (patients with an 

unplanned hospital admission discharged back to the community) and Case 2. (Chronically ill 

patients scheduled for major elective surgery who are expected to be discharged back to the 

community) 

Case Study 1 – Management of Complex Patients in the Community 

The CONNECARE project will assess the effectiveness of case management in the hospital, 

integration with the community and follow up integrated care in the community post discharge. 

Patients will be assessed and stratified for risk at 2 levels: Level 1 will take place In the 

Emergency department or immediately upon admission, where patients will be stratified using  

risk stratification model and algorithm used to identify patients for inclusion in the CCP registry 

as described above, to identify patients in need of inhospital case management. Level 2 will 

take place during the hospitalization prior to discharge  to identify those patients in need of 

follow up integrated care post discharge. These will be the patients recruited for 



 

CONNECARE 

Deliverable 2.3 
 

 

Ref. 689802 – CONNECARE D2.3_Patient risk assessment_v25_F  page 35 of 52          

CONNECARE Case 1. A further level of stratification will take place to determine which 

patients are discharged to home hospitalization, to home rehabilitation, to home care 

supervised by the home care unit, or to home with his regular support system.  

Case Study 2 – Management of Complex Patients Scheduled for Major Elective Surgery 

Patients will be assessed and risk-stratified by the Surgical Department (General Surgery, 

Orthopedic surgery, Gynecological surgery) that will be performing the surgery at the point 

where the decision is made to perform the surgery. The referral to the surgical department will 

already identify the patient as having been stratified by Maccabi as a patient in the Complex 

patient registry. The surgeon will then assess the patient in accordance with the 

CONNECARE inclusion criteria – specifially classifying the patient according to ASA level.  

These patients will be recruited to CONNECARE Case Study 2 and will be given a 

prehabilitation program prior to surgery. Patients’ compliance with the prehabilitation program 

will be monitored by the CONNECARE Self management app.  Prior to surgery patients will be 

further stratified using the INTERRAI geriatric evaluation tool to determine which patients are 

at higher risk for post-surgical complications and these will be assigned an in-hospital case 

manager. Stratification to the various post discharge options will take place similarly to Case 1 
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3. ������� �	��������	  

3.1 Expected scenario for health risk assessment at  the project end 

Enhanced clinical risk assessment (Figure 7 # 3)  is one out of the five intertwined 

dimensions targeted in CONNECARE to generate relevant research & innovation outcomes 

throughout the life span of the project, as indicated in Figure 7 . The other four dimensions 

are: i) Clinical studies (# 1) carried out on top of large scale implementation of integrated care 

services for each of the uses cases in the four sites (WP6); ii) ICT developments (# 2) 

supporting the Chronic Care Model (CCM) (WPs 3-5); iii) Innovative evaluation strategies 

using a Triple Aim approach [60,61] (# 4) to be deployed during and beyond the project 

lifetime (WP7); and, iv) Final recommendations for regional adoption of the integrated care 

services (# 5), as well as transferability to other regions (WP7).  

 

Figure 7 – Five pivotal aims of the CONNECARE project aiming at achieving successful 
regional adoption of the community-based protocol for collaborative management of complex 
chronic patients across health-care tiers [62]. The figure indicates allocation of the different 
work packages (WP) into each of the five aims of the project. The current document provides 
the frame for the protocol of the clinical studies associated to Case 1 (Aim 1). The current 
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working document will be enriched with assessment protocols for Aims 2 (ICT products); 3 
(Risk Assessment tools); and, 4 (Overall assessment strategy following an Implementation 
Research approach). Moreover, the final outcome of the project will be generation of 
recommendations for Aim 5 (Transferability & Roadmap for regional adoption). 

     

During the initial sixteen month-period of the project, the consortium has achieved a high 

degree of consensus regarding the working plan produced in Task 2.3. Briefly, we all share a 

common goal regarding both modalities and role of patient-based risk assessment in the 

clinical scenario at the project end, as described below. We acknowledge, however, that the 

degree of maturity of its implementation is different among the three areas: Catalonia (ES) - 

Lleida and Barcelona -; Northern Netherlands - Groningen (NL); and, Assuta (IL). 

Consequently, the PDSA strategies, see D2.4. Case studies description and the associated 

co-design process and the current document, will be highly site dependent. 

 

Enhanced health risk assessment in the clinical set ting  

CONNECARE will set-up the new clinical predictive modelling approach based on the 

principles reported in Sections 1.1 and 1.2 of the current document and it will be assessed in 

the case studies deployed in WP6.  

The four main novelties of the enhanced clinical risk assessment strategy envisaged in 

CONNECARE are: i) Enrichment of clinical predictive modelling with outcomes from 

population-health predictive modelling; that is, inclusion of the patient’s GMA grading as a 

covariate; ii) Inclusion of multilevel data sources in the predictive modelling; specifically, 

information from informal care sources; iii) Implementing ICT support for dynamic predictive 

modelling which should allow adaptive changes of the patient action plan over time based on 

updated risk assessment; and, iv) Feeding clinical decision support systems (CDSS) with 

outcomes of predictive modelling such that decisions of health professionals across the 

structured service workflow, or patient work plan, could be facilitated using information 

generated by clinical risk predictive modelling.  

The scheme depicted in Figure 4  illustrates how the CONNECARE personalized self-

management system (WP4), implemented into the collaborative adaptive care management 

plan, will enrich clinical information with informal care data, the latter channelled by the 

personal health folder, that will be contributing to dynamically feed, through predictive 
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modelling tools, the different CDSSs (WP3 – D 3.2: First screening and risk stratification 

DSS) supporting health professional in the decision making processes.  

 

Expected outcomes at the project end   

Specific outcomes at the end of the project for each of the four novelty items generated in 

Task 2.3 are reported below: 

1. Enrichment of clinical predictive modelling with  inclusion of patient’s GMA 
grading as a covariate: 

�  Generation of enriched predictive modelling and evaluation for complex chronic 
patients in Catalonia will be completed within 2018. 

�  Analysis of transferability of the GMA tool to other sites (IL and likely NL) will be 
completed throughout the project life time. 

2. Inclusion of multilevel data sources in the pred ictive modelling; specifically, 
information from informal care sources: 

�  It will be addressed in Catalonia through current transformation of the personal 
health folder (La Meva Salut) during 2018 and completed during the project 
lifespan. 

�  Specific modalities for multilevel data inclusion will be assessed in IL (InterRAI) 
and NL. 

3. Implementing ICT support for dynamic predictive modelling: 

�  Testing of the CONNECARE personalized self-management system (WP4) for this 
purpose will begin at the end of 2017 and it will be completed at M36 having a 
prototype with an expected TRL (Technology Readiness Level) = 6 regarding this 
specific Task 2.3 item. 

4. Feeding CDSSs with outcomes of predictive modell ing: 

�  Testing of the CDSSs (Task 3.4) included into the CONNECARE Smart Adaptive 
Case Management platform (WP3) will be completed at M36 having a prototype 
with an expected TRL= 6 regarding this specific Task 2.3 item. 

�  Groningen envisages the development of a roadmap for coupling the 
CONNECARE system to the electronic patient dossier described below.  

5. Site specific roadmap toward a full implementati on of the CONNECARE 
enhanced clinical risk assessment.  It is assumed that the three areas (ES, NL and 
IL) will still show heterogeneities regarding Task 2.3 at the end of the project. 
Consequently, each of the areas will produce a roadmap describing progression 
beyond the project in order to bring items 2 to 4 to a mature TRL equal to 9. 

    

The CONNECARE work plan described in Task 2.3 will address the patient-based five-

dimension scoring strategy generated within the project, consisting in (i) Screening for ease 
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CCP identification; (ii)  Risk stratification for hospital admission and emergency room 

frequentation; (iii) Mapping of complex chronic patients (CCP) and clinical and social  issues;  

(iv)  Interventions  structured  in  a  proactive  and  planned  work  plan  based  on  risk 

stratification and mapping; and (v) Continuous surveillance of changes in clinical and social 

status of CCP involving changes at risk stratification. 

 

3.2 The need for specific PDSA approaches to health  risk assessment in each site 

Specific PDSA strategies are currently being elaborated in each site in order to achieve a 

smooth transition from the current initial status to the commitments defined for the end of the 

project and beyond, as described in the previous section. The methodology of the PDSA 

cycles is the one already described in D2.4. Case studies description and the associated co-

design process. Its site specificities, as well as the PDSA outcomes of Task 2.3 achieved 

during the initial twenty-month period of CONNECARE, will be reported in D7.2. Evaluation 

results of the initial co-design phase until Study Release.  

Within this subheading, we are briefly describing the steps undertaken in each of the three 

areas (ES, IL and NL) regarding Task 2.3.  

 

Catalonia (ES): Barcelona and Lleida  

The elaboration of predictive modelling for CCP is being carried out using historical data, from 

2006 to 2015, of the Home Hospitalization and Early Discharge (HH/ED) service at Hospital 

Clinic de Barcelona (HCB-IDIBAPS) [56]. The original dataset will be enriched with additional 

information obtained mining electronica health records (EHR) and also testing the added 

value of including the GMA grading as a covariate. The predictive modelling resulting from 

these analyses will be evaluated using 2016 data. The developed predictive models will be 

integrated in the CONNECARE CDSS system as a service for assisting HH/ED decision 

making.  A summary of the protocol is described in Annex I . 
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Groningen (NL)  

The University Medical Centre Groningen is currently implementing an electronic patient 

dossier (EPD) making it possible to further connect information systems for patients. An 

important goal is to place the patient at the centre of information and communication through 

an easy to use platform. As current EPD hospitals systems are primarily developed for the 

professional and not the patient, the CONNECARE system will be ideally placed to empower 

patients and put them in the centre of the health care system. However, change is not 

expected to occur easily and has to be part of short improvement cycles in order to involve all 

relevant stakeholders and to create ownership among clinicians, policy makers and IT 

personnel. Ultimately connecting the CONNECARE IT infrastructure with the EPD will allow 

for developing personalized risk assessment models which can be fed back into the 

CONNECARE system of the patient.   

  

 

Assuta (IL)  

The CONNECARE project provides Assuta and Maccabi a unique opportunity to enrich and 

expand their capacity for predictive health risk assessment. Given that Maccabi and Assuta 

have expanded their data bases to include data beyond EHR data, as described in Section 2, 

as part of the CONNECARE project, we plan to explore the possibility of applying the GMA 

Population health algorithm developed in Spain to our data base in order to determine 

whether the combination of the current  risk assessment model will be enriched by the GMA  

population based risk assessment and  achieve a more precise predictive model, and to what 

extent it may lead to more focused, personalized risk assessment and prevention (see 

preliminary protocol described in Annex II ).  
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4. �����������  

The current document reflects the consensus of the consortium regarding the principles 

governing the enhanced clinical risk assessment strategies to be implemented into 

CONNECARE (Sections 1.1 and 1.2). Section 2 reports on the status of the three areas (ES, 

NL and IL) regarding maturity of risk assessment, as well as information on the clinical 

studies. Finally, Finally, It is of note, that Lleida and Barcelona have been merged as one area 

regarding Task 2.3 because the risk assessment strategy is highly governed at regional level 

through specific policies promoting interaction between the Catalan population-health 

predictive modelling tool (GMA, Adjusted Morbidity Groups) and clinical risk prediction. 

Section 3 indicates the common goals to be achieved at the end of the project and provides 

indications on the PDSA strategies while indicating the initial steps already activated in each 

site.    
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At the Barcelona site, the goal for use case 1 is to develop predictive risk models that can help 

in the home hospitalization service to aid the service selection of CCP patients. The 

hypothesis is that predictive modelling using clinical data could be significantly improved by 

enriching computational models with covariates reflecting outcomes from population-health 

risk prediction and information extracted from EMRs, as explained in detail in section 2.  

Aims - To develop and validate enhanced clinical predictive modelling for HH/ED with a two-

fold aim: 

�  During the HH/ED period (t0) - To identify risk of early readmission after hospital 

discharge and mortality to stratify patients in order to optimize care (RM1-3). 

�  After HH/ED discharge (t1) - To identify risk of early readmission after hospital 

discharge and mortality and stratify patients for transitional care purposes (RM4-6). 

Figure 1  in the current Annex summarises the plans for the predictive modelling for the home 

hospitalization program together with the data that is available at each time point. In the study, 

early readmissions were divided into groups of emergency cases (Readmission ER) and 

simple early readmission cases (Hospitalization).  
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Data extraction strategy 

The ultimate aim of the data extraction strategy is to integrate several data sources containing 

health related patient information, namely:  

1) Registry data (CHSS & GMA), 

2) Electronic Medical Records (SAP EMR, eCAP EMR), 

3) Biomedical research data (“omics”),  

4) Informal care data (self-management and lifestyle via personal health folders).  

Currently, only the collection of registry and EMR data is possible but in future the biomedical 

and informal care data should be also expected to contribute to risk modelling. Initially a 

specific database generated during the HH/ED program will be used for modelling purposes. 

This database contains patient information on socio-demographics, risk factors, main 

diagnosis, treatment-related data, etc. (see Figure 1 ). Secondly, GMA scores for population-

based risk prediction will be integrated from static data source in the first round, however 

future plans include its direct extraction from the Catalan Health Surveillance System (CHSS). 

Further steps will also consider the integration of EMR data extracted from the hospital’s SAP 

system and the eCAP primary care EMR system in the frame of the PADRIS program [55].  

 

Modelling strategy 

The aims of the modelling strategy are two-fold (Figure 2 ).  

�  Evaluate the additional predictive power introduced by GMA and EMR data (mostly the 

ones extracted from SAP) compared to existing population-based models (Hernandez 

C et al. 2017; Vela E et al 2017, both papers are submitted for publication), 

�  Increase predictive performance of the models by partitioning the population into 

smaller, biologically similar groups of patients. 

The first aim of the modelling is to validate the impact of the increased information content 

gained through the data extraction as compared to previous studies. Logistic regression 

modelling is used to recreate the model (Hernandez C et al. 2017, submitted for publication) 

and the area under the ROC curve (AUC) is used to evaluate its performance. Then, GMA as 
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a covariate is added to the model to evaluate the difference in AUC. Same methodology is 

followed using EMR data.  

The population included in the home hospitalization is known to be heterogeneous in terms of 

main diagnosis and clinical manifestation. Therefore, the second aim is to increase predictive 

performance of the models, by partitioning the population into smaller, similar groups of 

patients. Patient similarity-based clustering is used to generate virtual patient cohorts 

(clusters). Similarity is computed using Gower distance measure on covariates, which were 

selected using a prior model computed using a step-wise variable selection method on the 

entire study population. For each group, then models are generated with the same step-wise 

variable selection method, their predictive performance is evaluated and group specific risk 

factor profiles are retrieved. 

Finally, this approach is compared to Fuzzy c-Regression Models (FCRM), which is an 

algorithm that over the steps mentioned above also performs a regression-based optimization 

of the final cluster generation and risk prediction. The latter algorithm should function as our 

recommended methodology for risk stratification. 
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Deployment strategy 

The final models shall inform on patients risk on readmission and mortality. In CONNECARE 

these models will be plugged into the CDSS system developed in Task 3.4. Following a 

collaborative approach with the team implementing the CDSS system, we put a great 

emphasis on making these two tasks interoperable.  

Main barriers to integrate the developed models in the CDSS system are organisational as 

well as technical: 

·  On the one hand, predictive models are usually developed by data scientists or 

statisticians often using non-open data and closely collaborating with healthcare 

practitioners to ensure thorough validation and widespread agreement on their 

exploitation. Therefore, externally developed models might be needed to be integrated 

in the system.  

·  On the other hand, data scientists and statisticians usually rely on domain specific 

programming languages and frameworks such as the R language1 or Pyhton’s scikit-

learn2 to develop their predictive models. These languages may not be adequate for 

developing a general purpose, distributed, modular, and web-based system as 

CONNECARE is, besides not being the ones actually used in developing the 

CONNECARE system by the technical partners of the project – that is, mainly Java3.  

The solution to overcome these issues proposed by CONNECARE leverages the existing 

PMML/PFA standard formats for representing machine learning and statistical (already 

trained) models4 – with the latter supporting also full machine learning pipelines and 

dataflows. The PMML/PFA standards are XML/Json -based representations of predictive 

models – such as regression models, classifiers, clustering methods, etc.–, which allow for 

seamless exchange of models ready to be exploited for making predictions across machine 

learning / statistical toolkits and languages. The main idea is to allow for separate 

development and deployment of predictive models, ensuring the flexibility of the production 

environment to easily integrate novel models nevertheless its source, i.e. a data science team 

collaborating with healthcare practitioners or the analytics team developing the system. Using 

                                                      

1 https://www.r-project.org/about.html 
2 http://scikit-learn.org/stable/ 
3 https://www.oracle.com/java/index.html 
4 http://dmg.org/ 
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such flexible standards also allow for the development of models in different programming 

languages, e.g. R and Python, while they can be integrated into the production environment, 

such as a Java-based RESTful web service, once they have been translated into PMML. 

In the specific context of CONNECARE, the CDSS will provide a RESTful endpoint exposing 

API to published/unpublished models, apply them to new data, query their parameters, further 

train them, and similar, seamlessly operating with R and Python models, and possibly any 

other model once a suitable translation module has been developed. This way, clinical 

partners in each site are free to develop their own models in their own preferred analytics 

environment and leveraging their own (possibly, private) data, while the CDSS takes care of 

transparently translating them into PMML/PFA format, ready to be applied on novel data, 

shared with other sites, and many other functionalities. 

This solution will be thoroughly discussed in the upcoming deliverable on First Screening and 

Risk Stratification DSS (D3.4).  
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The aim of the operation in the IL site twofold: 

1. To develop and implement a risk assessment model based on the totality of data 

available in the Maccabi and Assuta data bases ( the Maccabi data base contains over 

20 years of comprehensive data on over 2 million Maccabi members)in order to 

identify patients who require special  case management in the hospital and intensive 

follow-up case management post-discharge ( both CONNECARE Case 1 and Case 2) 

2.  To apply the GMA population-health algorithm developed in Spain to our data base in 

order to determine whether the GMA population-based risk assessment model can 

achieve a more precise predictive model, and to what extent it may lead to more 

focused, personalized risk assessment and prevention. 

In order to achieve the integration of the GMA method in the system of IL site the following 

steps will be taken:  

1. To achieve the first usable version for exploratory purposes, the current system trained 

on the Catalan population will be implemented. 

2. For final integration, the method parameters will be updated to reflect the specificities 

of the IL site population. 

To achieve the first implementation, all the patient diagnoses (coded with ICD-9-CM) will be 

retrieved from the EMR system of IL. This allows for the stratification of the population 

according to the GMA groups and evaluation of personal GMA scores of the patients. This will 

be used to run first test, integrating it in clinical models and evaluate improvements. 

In the second step, data on mortality and healthcare service utilization (primary care, 

hospitalization and pharmacy) will be also retrieved from the EMR system. This will be used to 

update the parameters of the GMA model with the specificities of the population of the site, for 

more personalized predictions. 

 

 

 


