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Publishable summary 
 
Deliverable S1.D5.2, part of the DARE (Digital Lifelong Prevention) project, focuses 
on integrating innovative digital tools and data-driven approaches to enhance 
proactive healthcare strategies, equity, and efficiency. Supported by the PNC-I.1 
funding initiative, the deliverable addresses challenges in chronic disease 
management and preventive care through predictive modeling, population 
stratification, and tailored interventions, aligning with the goals of the National 
Recovery and Resilience Plan (PNRR). 
A key component is the development of predictive models using clinical and 
administrative datasets, such as Electronic Medical Records (EMRs) and Electronic 
Health Records (EHRs). These models stratify populations based on risk factors, 
enabling equitable and personalized healthcare interventions. The emphasis on data 
validation and statistical reliability ensures these tools support improved diagnostic 
and therapeutic practices. 
The Bari group leverages its “Research Data Lake” to integrate advanced analytics 
and population stratification for conditions like oncology, Type II diabetes, and 
nephrology. The group employs telemonitoring technologies to enhance care 
continuity, reduce hospital admissions, and improve patient outcomes. Their efforts 
focus on validating and refining stratification algorithms to align with local needs and 
expand research to broader chronic diseases and prevention pathways. 
In Bologna, the focus is on deploying risk stratification tools like the Adjusted Clinical 
Groups (ACG) software to monitor healthcare needs and evaluate chronic care 
programs. The group integrates telemonitoring for rural patients with chronic 
conditions, demonstrating reductions in emergency visits. Training programs ensure 
effective adoption of these tools, supporting data-driven policy evaluation and 
healthcare improvements. 
The Rome 1 group targets frail and hard-to-reach populations, such as multi-chronic 
patients and marginalized groups, to improve participation in vaccination and 
screening campaigns. Through sentiment analysis of public opinions and 
participatory communication strategies, the group tailors interventions to address 
barriers. Mapping and engaging local communities enable sustainable public health 
engagement and reduced disparities. 
Deliverable S1.D5.2 exemplifies the transformative potential of digital health tools in 
addressing modern healthcare challenges. By integrating predictive models, 
telemonitoring, and community-based approaches, it fosters equitable, efficient, and 
resilient healthcare systems. 
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1. Introduction 
The Deliverable S1.D5.2 focuses on advancing proactive healthcare strategies 
through the integration of innovative digital tools and the training of healthcare 
professionals. As part of the DARE (Digital Lifelong Prevention) project, this initiative 
aims to enhance healthcare equity and efficiency by utilizing data-driven 
approaches. Supported by the PNC-I.1 funding initiative, the deliverable seeks to 
address the challenges of chronic disease management and preventive care by 
adopting cutting-edge methodologies and fostering collaboration among various 
stakeholders. This deliverable reflects also the commitment to enhancing equity, 
efficiency, and sustainability in healthcare by leveraging cutting-edge research 
methodologies. As part of a national strategy, the deliverable integrates research, 
policy development, and technological implementation to address pressing issues in 
chronic disease management and preventive care. 
A significant aspect of the project is the development of predictive models for 
population stratification. These models are designed to identify risk factors and 
healthcare needs, enabling the customization of interventions for individuals with 
chronic diseases. The integration of clinical and administrative datasets, including 
Electronic Medical Records (EMR) and Electronic Health Records (HER), allows for the 
stratification of populations based on specific risk profiles. This approach not only 
supports improved diagnostic and therapeutic practices but also promotes equity in 
healthcare access by harmonizing standards across the national healthcare system. 
By identifying risk factors and health needs at an individual level, these models 
enable tailored interventions and equitable healthcare access. The research design 
emphasizes not only the generation of data-driven insights but also the validation of 
these models to ensure statistical reliability and practical applicability. 
The intervention proposed by the Bari group, detailed in Deliverable S1.D5.2, is 
centered on advancing chronic disease management through the integration of 
predictive modeling, data stratification, and advanced digital tools. This initiative 
builds upon the existing healthcare infrastructure in the Bari region, leveraging the 
capabilities of the “Giovanni Paolo II” Oncology Institute and its innovative “Research 
Data Lake.” This infrastructure is designed to manage and process sensitive 
healthcare data while adhering to the General Data Protection Regulation (GDPR) 
compliance and privacy-by-design principles. 
The Bari group’s approach focuses on population stratification as a critical tool for 
tailoring healthcare interventions. By utilizing anonymized data from clinical and 
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administrative sources, including EMRs and EHRs, the group seeks to identify high-
risk individuals and stratify populations based on their health needs, comorbidities, 
and risk factors. This stratification process enables a deeper understanding of the 
healthcare needs within the population, ensuring that resources and interventions 
are targeted where they are most needed. 
Initial efforts are directed toward validating stratification models for oncology, Type 
II diabetes, metabolic syndrome, and nephrological conditions. These models are 
developed using advanced machine learning algorithms embedded within the 
Research Data Lake, which also integrates industry-standard frameworks such as 
SNOMED-CT and OMOP for interoperability. The validation process involves 
retrospective cohort analyses using real-world data, ensuring the statistical reliability 
of these models and their applicability to the local population. For example, in 
oncology, the team plans to assess the “oncological timeline,” tracking a patient’s 
journey from diagnostic suspicion to treatment initiation, to refine prognostic tools 
and improve therapeutic decision-making. 
Telemonitoring technologies also play a central role in the Bari group’s intervention. 
By integrating data from monitoring devices and clinical systems, the group aims to 
enhance care continuity for patients with chronic conditions. This includes using 
digital platforms to track health indicators, support remote monitoring, and facilitate 
timely interventions by healthcare providers. These telemonitoring initiatives are 
particularly significant for reducing hospital admissions and improving outcomes for 
patients with chronic illnesses. 
The group’s intervention also emphasizes the importance of validating existing 
stratification algorithms and refining them to better suit the needs of the local 
population. This includes the integration of additional real-world clinical data 
collected from outpatient centers and hospitals, such as diagnostic tests, emergency 
department visits, and pharmaceutical assistance records. These efforts are 
designed to create a comprehensive dataset that captures both clinical and socio-
economic dimensions of health, allowing for the development of more precise and 
effective interventions. 
Looking ahead, the Bari group plans to expand the scope of its research to 
encompass a broader range of chronic diseases and prevention pathways. This work 
is supported by a commitment to interdisciplinary collaboration, involving 
partnerships with local healthcare organizations, universities, and research 
institutions. By integrating predictive models, telemonitoring, and data-driven 
insights into healthcare planning and delivery, the Bari group aims to transform 
chronic disease management in the region. 
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Overall, the intervention proposed by the Bari group represents a forward-thinking 
approach to healthcare innovation. By harnessing the power of digital tools and 
predictive analytics, the group seeks to improve the effectiveness and equity of 
healthcare services. This work aligns closely with the broader objectives of the DARE 
project and the National Recovery and Resilience Plan (PNRR), emphasizing the 
importance of data-driven solutions in building a more resilient and patient-centered 
healthcare system. 
The intervention proposed by the Bologna group, as part of Deliverable S1.D5.2, 
focuses on integrating advanced digital tools into the healthcare system to improve 
the management of chronic diseases and enhance policy evaluation processes. 
Central to their initiative is the use of population risk stratification (PRS) tools, which 
enable a data-driven understanding of individual and population-level healthcare 
needs. These tools provide policymakers and healthcare providers with actionable 
insights to design and implement more targeted and effective interventions. 
The Bologna group, in collaboration with the Local Health Authority (AUSL) of 
Romagna, has worked extensively to procure and implement a sophisticated risk 
stratification tool, specifically the Adjusted Clinical Groups (ACG) software developed 
by Johns Hopkins HealthCare. This software allows for the segmentation of the 
population based on chronic disease profiles, healthcare utilization, and social 
conditions. The tool’s implementation is expected to improve the precision of 
interventions, helping healthcare providers identify individuals at risk earlier and 
allocate resources more efficiently. By enabling detailed analysis of healthcare 
consumption and disease burden, the tool also supports evaluations of the impact of 
ongoing healthcare programs, particularly those targeting individuals with multiple 
chronic conditions. 
The group’s approach emphasizes the importance of adapting the stratification tool 
to local healthcare systems and populations. Over the past year, significant effort 
has gone into customizing the tool to integrate with AUSL Romagna’s health 
information systems. This integration facilitates the tool’s application to various 
healthcare databases, including socio-demographic data, diagnoses, drug usage, 
and hospital admissions. By analyzing these datasets, the Bologna group seeks to 
assess whether existing chronic disease management programs, such as “chronic 
care ambulatories,” effectively target high-risk individuals and address their needs. 
Another key aspect of the intervention involves using telemonitoring technologies to 
improve the care of patients with chronic conditions, particularly those living in rural 
and remote areas. The Bologna group has developed and evaluated a telemonitoring 
program that provides patients with Bluetooth-enabled devices to record and 
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transmit vital health data. This program enhances continuity of care by enabling 
healthcare providers to monitor patients in real-time and respond proactively to 
changes in their condition. Preliminary findings suggest that telemonitoring has 
reduced high-severity emergency department visits and hospital admissions, 
particularly among patients with cardiovascular conditions. The Bologna group plans 
to expand this program and conduct further analyses to evaluate its long-term 
effectiveness. 
In addition to telemonitoring, the Bologna group has initiated a structured training 
program for healthcare professionals to ensure the effective implementation and 
utilization of the stratification tool. This training focuses on familiarizing participants 
with the tool’s functionalities and its applications in policy evaluation and chronic 
disease management. The program has been designed to include professionals from 
various healthcare sectors, such as primary care, public health, and information 
systems, ensuring a comprehensive and interdisciplinary approach. 
The Bologna group’s intervention is underpinned by a strong research design that 
incorporates advanced evaluation methodologies, such as Difference-in-Differences 
(DiD) analyses, to assess the causal impact of interventions. By combining 
stratification tools, telemonitoring technologies, and robust policy evaluation 
frameworks, the Bologna group aims to improve the overall effectiveness and 
efficiency of healthcare services. Their work highlights the potential of integrating 
digital tools into healthcare systems to address the challenges of chronic disease 
management and reduce disparities in healthcare access and outcomes. 
Ultimately, the intervention proposed by the Bologna group seeks to create a more 
responsive and equitable healthcare system. By leveraging data and technology, 
they aim to empower healthcare providers and policymakers to make informed 
decisions that improve patient care and health outcomes. This work aligns with the 
broader objectives of the DARE project and represents a significant step toward 
transforming healthcare delivery in Italy. 
The intervention proposed by the Rome 1 group within Deliverable S1.D5.2 focuses 
on enhancing participation in public health initiatives, particularly vaccination and 
screening campaigns, among vulnerable and hard-to-reach populations within the 
ASL Roma 1 territory. These populations face significant barriers to accessing 
healthcare services, including social vulnerability, geographical isolation, and cultural 
or economic disadvantages. The Rome 1 group aims to address these challenges 
through a combination of digital innovation and community-based strategies, 
creating a framework that not only identifies barriers to participation but also actively 
works to overcome them. 
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The target populations for this intervention are diverse and include individuals who 
are socially or medically frail, such as multi-chronic patients, disabled persons, those 
with psychiatric conditions, socially isolated elderly people, and women in distress. 
Additionally, the project focuses on groups often excluded from traditional 
healthcare outreach efforts, such as residents of informal settlements, people living 
in socio-assistance facilities, homeless individuals, and those in single-person 
households. By addressing these groups, the intervention seeks to bridge the gap 
between healthcare services and those who need them the most. 
At the heart of the intervention is the use of sentiment analysis, a digital tool that 
collects and analyzes opinions on public health initiatives through social media and 
other platforms. This analysis provides valuable insights into how target populations 
perceive vaccination and screening programs, highlighting potential barriers to 
participation and areas for improvement. These findings inform the next stage of the 
intervention, which involves participatory communication campaigns. These 
campaigns are developed in collaboration with local communities and stakeholders, 
ensuring they are culturally and contextually appropriate. By engaging community 
leaders and organizations, the intervention builds trust and encourages greater 
participation in public health initiatives. 
The intervention also involves a comprehensive mapping of the ASL Roma 1 area to 
identify regions with higher concentrations of frail or hard-to-reach individuals. 
Epidemiological and social data are used to pinpoint these areas, allowing for 
targeted outreach efforts. Once these regions are identified, participatory research 
initiatives are designed to engage local communities directly. These initiatives work 
closely with civil society actors and third-sector organizations to create tailored 
strategies that address specific barriers faced by the target populations. The focus 
is on fostering collaboration and creating sustainable models for ongoing healthcare 
engagement. 
To measure the effectiveness of the intervention, the Rome 1 group plans a 
retrospective analysis of vaccination and screening data. By comparing adherence 
rates before and after the implementation of the participatory campaigns, the project 
will assess the impact of its strategies. Key indicators include changes in coverage 
for mandatory, recommended, and seasonal vaccinations, as well as improvements 
in screening participation rates. This analysis will help refine the intervention and 
provide valuable insights into the effectiveness of combining sentiment analysis with 
participatory approaches. 
The ultimate goal of the Rome 1 group’s intervention is to improve healthcare equity 
and reduce disparities in access to preventive services. By integrating digital tools 
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with community engagement, the intervention not only addresses immediate 
barriers to healthcare but also builds a foundation for more inclusive and effective 
public health strategies in the future. This approach aligns with the broader 
objectives of the DARE project and the National Recovery and Resilience Plan 
(PNRR), emphasizing the importance of innovation and collaboration in addressing 
health inequities. Through this intervention, the Rome 1 group demonstrates the 
potential of combining technology and human-centered design to transform public 
health outreach and ensure that no one is left behind in accessing essential 
healthcare services. 
The findings of Deliverable S1.D5.2 underscore the immense potential of digital 
technologies in addressing the challenges of modern healthcare. By improving 
population stratification, reducing disparities, and enabling proactive care, these 
initiatives mark a significant step toward building a more equitable and resilient 
healthcare system. As the project progresses, it is anticipated that the integration of 
standardized models and interoperable data systems will further amplify its impact, 
paving the way for a new era of patient-centered care. 
 

2. Description of research designs 

2.1.  The UNIBA and ASL BA research design 
The most recent national legislation (D.L. 34/2020, the so-called “Decreto Rilancio,” 
converted into Law No. 77/2020, Article 7) focuses on the possibility of developing 
predictive models that allow for population stratification, risk factor monitoring, and 
the integrated management of chronic diseases and complex situations. 
The adoption of a common stratification model across the national territory is one of 
the strategic objectives of the PNRR (National Recovery and Resilience Plan), 
ensuring equity of access and uniformity in care. 
Moreover, the ability to conduct retrospective cohort analyses using real data 
collected over a timeline of healthcare delivery, even if only for clinical-administrative 
patient management, based on information such as: 

• Gender and age. 

• Exemptions for specific diseases. 
• Outpatient healthcare services requested and delivered, such as specialist 

consultations, instrumental exams, laboratory and imaging diagnostics. 

• Emergency room visits. 
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• Hospital admissions. 

• Pharmaceutical assistance at the territorial level. 
• Prosthetic assistance. 

• Residential, semi-residential, and home care. 
 
All this data will be integrated with clinical “real world data” retrieved through so-
called “Electronic Medical Records” and “Electronic Health Records” available at 
certain outpatient and hospital centers that have previously used electronic medical 
records, can certainly validate these population stratification models for chronic 
diseases. These models can also statistically adjust diagnostic and therapeutic 
management “best practices” in terms of process efficiency, efficacy, and individual 
health outcomes. 
Such stratification can enable the identification of more appropriate standards for 
the suitability and sustainability of diagnostic and therapeutic approaches and the 
correct personalization of individual patient health plans. 
In this regard, the National Agency for Healthcare Services has taken steps, 
publishing in 2021 the document “Models and Standards for the Development of 
Territorial Assistance in the National Health System.” The agency has also involved 
most of the national IRCCS (Institutes for Scientific Research and Care) in defining a 
new, more appropriate set of safety, efficacy, and efficiency indicators for healthcare 
services provided for individual clinical specialties as part of a specific research 
project funded by the PNRR. 
In Italy, different regions have so far used various systems to assess citizen needs 
(BIMA, SVAMA, SVAMA-D, SOLE, RUGGS, Nocchiero, etc.). There is a need to validate 
these models’ accuracy and harmonize them at the national level to reduce 
inequalities in access to services and the provision of care.The research project that 
some members of the DARE project in Puglia (University of Bari, ASL Bari, “Giovanni 
Paolo II” Oncology Institute, Bari Polyclinic, and Exprivia) aim to develop includes 
interventions in the following areas: 
Population Medicine: Based on the clinical-administrative data previously listed, 
related to patients assisted by the ASL Bari in the metropolitan area (formerly 
Province), and for which the ASL is authorized, with the consent already provided by 
its beneficiaries in compliance with current data protection laws, to conduct 
epidemiological evaluations. These evaluations require a Data Protection Impact 
Assessment (DPIA), as per Article 35 of the GDPR, to assess necessity, 
proportionality, and risks, and to define a model for determining the incidence and 
prevalence of diseases. Furthermore, based on data such as outpatient visits, 
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emergency room visits, hospitalizations, and territorial and pharmaceutical 
assistance, the project aims to generate risk stratification profiles, health needs, and 
resource utilization. 
Population Stratification: Development of predictive algorithms on anonymized data 
for diseases and risk profiles, enabling differentiated intervention strategies for the 
population and patient management based on the results of stratification derived 
from the Population Medicine analysis. 
Validation of Stratification Models: Comparing stratification models with real data 
from the EMR and EHR systems available at the ASL Bari for some chronic diseases. 
Specifically, this applies to oncology at the “Giovanni Paolo II” Oncology Institute and 
nephrology at the Bari Polyclinic, validating hypotheses formulated during the 
stratification phase mentioned in the previous point. 
For oncology patients, the so-called “oncological timeline” will be evaluated. Starting 
from the onset of diagnostic suspicion, this timeline involves a preliminary series of 
specialized services and sometimes hospitalizations to confirm the tumor’s presence, 
determine its type, stage its progression, and establish its omic characterization. This 
process leads to the second “milestone” of the “oncological timeline”: the refinement 
of the diagnosis. 
Once the diagnosis is confirmed, the Multidisciplinary Oncology Evaluation Team 
proceeds to define the initial therapeutic setting. This consists of one or more 
therapeutic approaches, either simultaneous or sequential, including 
pharmacological (neoadjuvant, adjuvant, ancillary), surgical (including minimally 
invasive), hybrid, radiotherapy, brachytherapy, and more. The initiation of this first 
cycle of therapies represents another significant “milestone” in the “oncological 
timeline” because it is strongly correlated with prognosis (which is fundamentally 
influenced by the type, staging, and omic characterization of the tumor). 
Following this, a follow-up phase occurs in cases of remission or disease 
maintenance. During this phase, there is a less frequent, yet ongoing diagnostic 
monitoring process. Concurrently, therapeutic administrations may continue in cases 
of maintenance therapy or complementary systemic treatments. The duration of this 
phase varies and is strongly tied to the initial stratification, including the specific 
pathology, the starting setting (staging, comorbidities, omic data), and the therapies 
adopted. 
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Figure 1 – Oncologic Timeline 

 
The follow-up phase does not have a predetermined duration. Instead, its conclusion 
is linked to either a recurrence or worsening of the disease or the final outcome of 
the patient, whether or not directly related to the oncological condition. 
During this phase, using the timeline and clinical-administrative data, a series of 
process indicators will be quantified and established: 

• Time to First Diagnosis (T21D): The time taken for the initial diagnosis. 

• Time to Complete Diagnostic Pathway (T2CD): The time required to 
complete the diagnostic process. 

• Time to First Treatment (T21T): The time taken to begin the therapeutic 
pathway. 

• Time to Pathology Report (T2PR): The time taken by Pathology to complete 
the examination. 

• Time to Molecular Diagnostics Report (T2MR): The time taken by Molecular 
Diagnostics to complete their examination. 

• Percentage of patients with a specific pathology examined by the 
Multidisciplinary Team (MDT): %MDT. 

• Percentage of patients with a specific pathology managed by the 
Orienteering Center (C.Or.O.): %COrO. 
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• Percentage of patients undergoing surgical treatment for the pathology 
not examined by the MDT: %STNET. 

• Percentage of patients undergoing surgical treatment for the pathology 
not examined by an Oncologist: %STNEO. 

• Clinical Pathway Abandon Percentage (%CPA): The percentage of patients 
who abandon the clinical pathway. 
 

 
Figure 2 -  Process indicators 
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Table 1 – Data sources 
 
For the purposes of the Project, the “Giovanni Paolo II” Oncology Institute of Bari, 
having already implemented a powerful “Research Data Lake” as part of its 
institutional objectives, will act as a data processor on behalf of the ASL BA. This 
Data Lake natively allows for the “pseudo-anonymization” of sensitive healthcare 
data using algorithms recognized as non-reversible (hashing with an encrypted key), 
fully complying with GDPR and applicable data protection regulations. 
This Research Data Lake already incorporates all mechanisms for encrypting data 
stored in supporting databases and for secure access through user profiling, 
adhering to the principles of “Privacy by Design.” Additionally, it includes state-of-
the-art Machine Learning and Deep Learning algorithms available on the market for 
stratification model development and can integrate custom-developed algorithms 
created using widely known programming languages such as Python, R, and others. 
The SNOMED-CT standardization and OMOP data modeling further ensure 
interoperability with similar projects under Spoke1 (see Figure 3). 
 

Specialist outpatient services Regional Healthcare Information Systems Legacy Information Systems

Oncological examinations SIST: prescriptions, Edotto: dispensations CUP: Supplies, Information Systems (EHR), CCE (EMR)

Specialistic examinations SIST: prescriptions, Edotto: dispensations CUP: Supplies, Information Systems (EHR), CCE (EMR) 

Instrumental examinations SIST: prescriptions, Edotto: dispensations CUP: Supplies, Information Systems (EHR), CCE (EMR)

Laboratory Diagnostics SIST: prescriptions, Edotto: dispensations Laboratory Information Systems: Reports

Molecular diagnostics SIST: prescriptions, Edotto: dispensations Sistema Legacy: Reports

Pathological anatomy SIST: prescriptions, Edotto: dispensations, SIRAP: referrals

Diagnostic imaging SIST: prescriptions, Edotto: dispensations, SIRAP: referrals, 
images

RIS-PACS: reports, immages

Hospitalisations

Edotto: Electronic Medical Records CCE (EMR)

Therapies

Pharmacological SIST: prescriptions, Edotto: dispensations CCE (EMR); Chemotherapy information system 

Radio ad brachi SIST: prescriptions, Edotto: dispensations Radiotherapy Information System 

Hybrid (chemo-activations, 
FUS, etc.)

SIST: prescriptions, Edotto: dispensations New CCE (EMR)

Chirurgical SIST: prescriptions, Edotto: dispensations Integrated Operating Room Information System CCE

Other territorial services

Emergency Room Accesses Edotto: Emergency Accesses Records

Prosthetic care Edotto: Prosthetic care

Territorial care Edotto: Residential care, Daily care and Integrated Domestic 
Care
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Figure 3 – The structure and characteristics of the EDOTTO System and data availability 

 
Subsequently, in an initial phase limited to diseases for which “real world data” is 
primarily clinical, the validation of stratification algorithms will be carried out to assess 
their statistical reliability for: 
 1. Oncological Diseases 
 2. Type II Diabetes and Metabolic Syndrome 
 3. Nephrological Diseases 
In the future, once all processes will be stabilized, the research will be extended to 
include all chronic diseases and other clinical prevention pathways. 
 

2.2. The UNIBO and AUSL Romagna research design 
Consistently with the general objectives of SPOKE 1 WP5 and in line with the specific 
targets already outlined in Deliverable 5.1, the UNIBO and AUSL Romagna units have 
advanced the set of activities planned during the initial phase of the DARE project. 
We cover here the developments occurred since the completion of the previous 
report. In particular, we focus on the progress achieved across the main lines of 
action that have seen the UNIBO and AUSL Romagna units jointly involved. The 
efforts have been directed towards two main areas of intervention. The first one 
involves progressing with the acquisition of a risk stratification tool and the definition 
of a set of cases and applications that allow for a sophisticated use of health data 
for policy evaluation purposes. The second one pertains to the design of the research 
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and the collection of data to support the empirical evaluation of ongoing initiatives 
based on the adoption of technological devices for telemonitoring cohorts of home-
based patients suffering from chronic conditions.  
 

2.2.1. The acquisition of the stratification tool to support policy assessment 
The range of potential goals and the expected benefits of using population risk 
stratification (PRS) tools to support decision-makers in designing healthcare policies 
were extensively addressed in Deliverable 5.1. For a detailed examination of the issue 
and of its implications for the DARE project, we refer to the document previously 
submitted.  
Regarding the advances on the use of stratification tools, two main lines of action 
have been pursued. First, further progress has been made in deepening the scientific 
groundwork necessary to define strategies to effectively employ the PRS tool once 
it becomes operationally available to AUSL Romagna. Second, the two Units worked 
collaboratively to manage and finalize the complex procurement process for 
acquiring an advanced stratification tool from the market. 
 
2.2.1.a In-depth analysis of stratification tool applications 
The assessment of the potential benefits of PRS tools for policy evaluation purposes 
was initiated through an in-depth analysis of the literature already outlined in 
Deliverable 5.1. Over the past months, this process has been further advanced 
through the preparation of a systematic literature review, the protocol for which was 
documented in the previous stage. In drafting the manuscript titled "Population Risk 
Stratification Tools and Interventions for Chronic Disease Management in Primary 
Care: A Systematic Literature Review", the AUSL Romagna team played a leading 
role, jointly with members of the staff from the Regional Department of Health and 
in collaboration with a component of the UNIBO unit. Following the preparation of an 
initial draft throughout the summer of 2024, iterative revisions and refinements were 
conducted in later weeks, culminating in the final version of the manuscript. This 
version was submitted to an international journal for consideration in October 2024. 
The support of the DARE project is reported in the acknowledgment section. 
One of the tasks of the WP5 consists of evaluating the role of digital technologies for 
the management of chronic conditions, including diseases managed within 
community-based healthcare settings. Consistently with this perspective, the 
systematic review has focused on the available evidence on the use of population 
RS tools in primary care setting. Specifically, it sought to evaluate the impact of 
targeted interventions based on RS tools on selected groups chronic patients and 
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healthcare utilization outcomes. By doing so, it intends to provide insights into the 
potential of RS tools to enhance the management of chronic conditions in primary 
care.  
The design of the review followed PRISMA guidelines. A comprehensive search of 
electronic databases was conducted for studies published between 1995 and 2023. 
The search strategy combined free-text keywords and controlled vocabulary terms 
to capture relevant studies, focusing on RS tools and their application in primary care 
for treating diseases such as heart failure, chronic kidney disease, type 2 diabetes, 
chronic obstructive pulmonary disease, and dementia. The context of the 
intervention was restricted to settings like family practices, community health 
centers, and community hospitals. The inclusion criteria encompassed various 
empirical designs such as randomized controlled trials (RCTs), controlled or 
uncontrolled before-after studies (CBAs and UBAs), and interrupted time series (ITS); 
as well as alternative outcomes of interest such as mortality, healthcare utilization, or 
costs. Case reports, opinion pieces, and studies focused solely on technical RS tool 
performance were excluded. Methodological quality was assessed using criteria from 
the Cochrane Collaboration and the Effective Practice and Organization of Care 
(EPOC) group, evaluating risks of bias in domains such as randomization, allocation 
concealment, and data reporting. 
The bibliographic search retrieved a total of 4,963 records, 4,902 of which were 
excluded based on title and abstract. Of the 61 studies judged as potentially relevant 
and acquired in full text, 54 were excluded as not meeting the inclusion criteria. 
Overall, 7 studies were considered eligible for inclusion, each of which was described 
in detail and its characteristics briefly sketched in tables. Summary information 
includes the type of risk stratification tool, the type of targeted intervention, and the 
main outcome, reporting results pre- and post-intervention for both intervention and 
control groups. 
The studies reviewed remain limited both in quality and quantity and offer mixed 
evidence on the effectiveness of RS tool adoption in enhancing outcomes of interest. 
While some of the findings to date are promising, particularly in terms of reductions 
in hospitalization and mortality rates, the evidence concerning reductions in ED visits 
is comparatively weaker. Notably, in some circumstances there is evidence of a 
simultaneous increase in the utilization of outpatient services, whereas the few 
analyses examining cost implications reports no significant impact. Policymakers 
could leverage these tools to enhance primary care but must consider 
comprehensive evaluations of their clinical and cost-effectiveness. Notably, tools like 
the Adjusted Clinical Groups (ACG) and Hierarchical Condition Categories (HCC) 
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models exemplify the potential to predict healthcare utilization and improve patient 
care. 
The review also emphasizes the necessity of rigorously defining the framework of 
the implementation of RS tools, since serious challenges stem from heterogeneous 
study designs, varying intervention definitions, and wide-ranging outcomes. So far, 
substantial gaps in evidence and implementation practices persist, necessitating 
further research to inform policy on how to improve chronic disease management in 
primary care. The main policy conclusions of the review suggest that, despite their 
potential, the adoption of RS tools faces challenges, including variability in healthcare 
systems, data quality, and provider readiness. Many tools rely heavily on biomedical 
data, often excluding critical social determinants of health. Addressing these gaps 
requires broader data integration and interoperable health systems. While existing 
evidence is limited, RS tools represent a significant innovation in chronic disease 
management. Continued research, supportive policies, and adaptable healthcare 
organizations appears crucial to optimizing their integration and transforming 
primary care practices. The full-text version of the paper is included as Annex BO-
ROM1 to the present document ("Population Risk Stratification Tools and 
Interventions for Chronic Disease Management in Primary Care: A Systematic 
Literature Review"). 

2.2.2. Procurement of the population risk stratification tools and future steps 
 
2.2.2.a The conclusion of the procurement procedures and the training program  
After one year of joint work of a dedicated team of the UNIBO Department of 
Economics (DSE) and AUSL Romagna personnel to design and implement a tender 
procedure for a stratification software, in October the procedure came to an end 
with the selection of the ACG software developed by Johns Hopkins HealthCare. The 
procedure involved a final selection stage where the proposals were evaluated with 
respect to the following functions: 1) Efficiency in the acquisition of data from the 
Health Information System of the AUSL Romagna, 2) Efficiency in population 
segmentation according to specific chronic diseases; 3) Reliability of the estimates 
of individual risk; 4) Use of drug use data to evaluate the adherence to specific 
therapies; 5) Quality and completeness of the reporting system. The final stage of 
the procedure involved an operational test on the data, for which AUSL Romagna 
made available a dataset including personal characteristics, diagnoses, 
procedures/interventions and drugs of a sample of about 20% of its population. The 
software was tested for the processing time of the grouping process and for the 
export formats of the results. Finally, the outcomes were evaluated taking into 
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account: a) the compliance with the characteristics described in the procurement bid; 
b) the ability to recognize the diagnostic codes; c) the degree of agreement between 
the predicted hospitalization events and the events actually observed. 
Once settled, the ACG software will equip the AUSL Romagna with a sophisticated 
tool for monitoring the health of the resident population and for stratifying it 
according to the comorbidities of the individuals, the complexity of care and the 
social conditions. Moreover, the ACG software will allow the DSE and LHA joint 
research team to assess the impact of ongoing interventions addressing sub-
populations with (multiple) chronic conditions and to provide health planners with 
evidence-based advice on how to increase their overall effectiveness.  
The application of the software to the main databases of the LHA - both those with 
the socio-demographic characteristics and health consumption of the population, 
and those on the characteristics of providers’ facilities (hospitals, intermediate 
structures such as community hospitals and health/community homes, primary care 
units) – will allow greater precision and flexibility for the analyses that require some 
stratification of groups by:  

1. age and gender;  
2. diagnosis, including those drug-related;  
3. conditions of chronicity and social fragility; 
4. conditions of accessibility to specific programs and care facilities;  
5. likelihood of future access to programs and facilities;  

and that need to control for the supply-side features of the centers involved in the 
implementation of the disease management programs. 
More specifically, the DSE and AUSL Romagna teams supporting the development 
and monitoring of primary and intermediate care interventions will strengthen their 
ability to evaluate:  

- if the interventions succeeded in targeting the individuals for whom they were 
designed, including those at a very early stage of their disease when 
appropriate;  

- if there are organizational models that, controlling for the characteristics of the 
individuals treated, better achieve the objectives of the interventions at stake; 

- what are the specific educational, economic or technological determinants 
that contribute relatively more to explain differences in the outcomes of the 
interventions; 

- which changes in the design of the interventions should be recommended to 
facilitate the achievement of the policy objectives.  
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To allow the DSE and AUSL team to exploit the potential of the software in a timely 
manner, in the weeks that followed the finalization of the contract, the AUSL and 
UNIBO teams were involved in the organization of a training course on the use of the 
stratification tool for the involved personnel. This activity was implemented with the 
operating support of the company that was awarded the contract. It required to 
organize several meetings that served for setting the course content, the number of 
participants, and the required technical standards. To date, a first phase of training 
is planned, consisting of three in-person days and involving around twenty people 
from AUSL and UNIBO staff, to be held at the AUSL facilities in early December 2024. 
As for the AUSL Romagna, most of the centers that play a significant role in planning 
monitoring primary and intermediate care interventions are involved in the training 
program, with specific reference to:  

- health care management; 

- social care management; 

- district management; 

- primary care and GP coordination units;  

- public health units; 

- management control unit; 

- information systems unit; 

- territorial nursing services;  

- territorial pharmaceutical services. 
Before the completion of the education program, the information systems unit of the 
AUSL Romagna managed to install the ACG software on the machines of the 
personnel involved in order to allow them to start using it according to the priorities 
of the program. 
 
2.2.1.b Future steps for the use of the stratification tool 
As part of the project, the ACG software will be used primarily to identify individuals 
at risk for specific chronic diseases with particular reference to chronic heart failure, 
diabetes and chronic obstructive pulmonary disease. The aim is to ascertain how 
chronic disease management programs such as the “chronic care ambulatories” 
implemented in the LHA of Romagna over the past 10-15 years have been successful 
in including individuals at (high) risk or excluding those not at (high) risk. Particular 
attention will be paid to multimorbid patients as these may often be recruited by 
different chronic disease management programs, with related coordination 
problems.  
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These analyses will provide insights into whether the ability to intervene early on 
potentially high-risk individuals are evenly distributed across districts and sub-areas 
or are concentrated in areas where such interventions (especially the chronic care 
ambulatories) are also supported by specific organizational solutions such as 
community homes, community nurses, or particular organizational models for the 
GPs.  
 

2.2.3. Evaluation of initiatives that use ITC devices to monitor chronic patients  
The second major field of analysis pursued by the UNIBO and AUSL Romagna units 
involves the mapping, assessment, and evaluation of ongoing initiatives implemented 
within the AUSL territory that employ technological devices for the remote 
monitoring of home-based patients suffering from chronic conditions. Specifically, as 
outlined in the previous progress report, this encompasses two distinct initiatives. 
The first one targets a cohort of vulnerable patients residing in rural and remote 
areas who are affected by pathologies such as heart failure, diabetes, and/or chronic 
obstructive pulmonary disease (COPD). This initiative is coordinated by personnel 
within community-based healthcare services, including GPs, nurses and multi-
professional teams, that is centered in Community Health Centers. The second 
initiative pertains to the monitoring of patients with implantable cardioverter-
defibrillators, managed by hospital-based structures within the organization. 
 
2.2.3.a Telemonitoring of chronic patients in rural and remote areas  
In this section, we outline the progress made in the policy evaluation analysis of the 
telemonitoring program for patients diagnosed with specific chronic conditions and 
living in remote areas. As with the topics discussed above, the general objectives of 
the project were described in the previous progress report (see section 3), a 
document to which we refer for further details on the background of the initiative. 
Moreover, an extensive report discussing the role of telemedicine in the changing 
healthcare landscape, the institutional context of post-COVID initiatives in Italy, and 
including comprehensive review of the literature on telemonitoring, a description of 
the program design and a preliminary overview of the data currently available is 
added to this document as Annex BO-ROM2.  
We recall that the Regional Telemonitoring Project aimed to improve healthcare 
delivery in geographically remote areas suffering from significant access barriers, 
especially for chronic disease management. Using ITC devices for continuous 
monitoring, the initiative enhanced information flow on patients' conditions, 
supporting timely and effective responses to evolving needs. Thereby, it sought to 
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prevent complications and reduce the need for intensive treatments by taking 
advantage of remote data streams. Additionally, the project aligned with broader 
healthcare transformation goals, strengthening collaboration within territorial care 
networks and mitigating healthcare access inequalities by addressing geographic 
disparities and improving care continuity for underserved populations. 
The project originated as a regional initiative, though it achieved the highest 
participation rates within the AUSL of Romagna, which now accounts for half of the 
total patients involved. Recruited patients are provided with kits comprising 
Bluetooth-enabled tablets functioning as gateways, along with medical devices such 
as activity trackers, spirometers, blood pressure monitors, pulse oximeters, and 
electronic scales. Patients and/or their caregivers receive training to ensure the 
correct use of these devices. To enable telemedicine services, a technology platform 
(Sm@rtEven) was introduced. This platform collects and manages clinical data 
transmitted from devices installed in patients’ homes using standardized 
communication protocols, and it allows to monitor vital parameters directly from 
patients’ home using the provided equipment and transmit the data via the tablet. 
Sm@rtEven enables the recording of health data such as blood pressure, blood 
glucose, and physical activity measured by electronic devices. 
Over the past months, we have been able to collect the full set of data for the period 
spanning April 2, 2021, to November 8, 2023. As the initiative continues to 
consolidate, we plan to extend the observation horizon into the remaining months 
before the conclusion of the DARE project, ideally incorporating data from the year 
2024. Among the formally enrolled patients, only those with recorded data via 
monitoring devices can be included in the impact assessment, resulting until now in 
a sample of 134 individuals. The available data does not include a flag identifying the 
chronic condition(s) for which each patient was enrolled in the program. However, 
by applying a Disease Score based on medication consumption profiles, we 
managed to associate one or more chronic conditions with each enrolled patient. 
Nearly all participants in the sample are diagnosed with heart failure, either as a 
standalone condition (45%) or in combination with other comorbidities (95%). 
The median patient has been part of the study for a post-enrollment period of 14.2 
months, with the maximum observation period recorded being 33 months. The 
possibility of extending data collection into 2024 is expected to significantly increase 
the duration of the follow-up. During the observation period, approximately 53,000 
measurements were transmitted to the Telemedicine Clinics and the estimated usage 
frequency indicates that the median patient records one measurement every four 
days.  
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For policy evaluation purposes, it is required to integrate data from remote 
monitoring with outcome indicators that capture changes associated with program 
enrollment. We extracted information from AUSL Romagna administrative databases 
regarding emergency department (ED) visits, hospitalizations, and outpatient 
services both for the pre- and post-enrollment phase. ED visits were disaggregated 
by severity/urgency codes and discharge types. Hospitalizations cover both the total 
number of admissions and those classified as avoidable. Preliminary findings reveal 
a reduction in high-severity ED visits post-enrollment, particularly among patients 
with circulatory conditions. Lower-severity ED visits show no improvement following 
enrolment, nor do groups with diabetes or respiratory issues. Results are consistent 
after excluding COVID-19-related visits. Based again on preliminary evidence, the 
telemonitoring program seems associated also with reduced hospital admissions, 
including avoidable ones, with results unaffected by COVID-19 data. On the contrary, 
no changes are observed in the use of outpatient services. On the whole, we 
conclude that early descriptive evidence points to improvements in outcomes related 
to healthcare access, with reductions observed in severe emergencies and 
hospitalizations. 
The work planned for the coming months involves advancing the evaluation along 
two main directions. First, we plan to do our best to expand the data to include 2024 
for patients already enrolled, potentially doubling the median follow-up period. 
Additionally, new kits may be introduced and new patients enrolled, potentially 
increasing the sample size. Second, we plan to develop more advanced empirical 
methods to draw causal inference on the impact of the program. A key step will 
involve the inclusion of a control group of individuals with similar characteristics to 
the treated patients. For this group, information will be tracked backed over a 
sufficiently long period covering both the two years prior to enrollment and the 
follow-up period of treated patients. 
Once the dataset is organized as described above, a regression-based analysis using 
Difference-in-Differences (DiD) methodology can be applied, potentially using 
propensity score matching techniques. Moreover, the nature of the program, which 
involves the staggered enrollment of cases at different times, will allow to take 
advantage of recently developed methods for staggered DiD to strengthen the 
identification of the program participation effect. These activities will be developed 
in the continuation of the DARE project. 

2.2.4. Telemonitoring of patients with Implantable cardioverter defibrillators 
In this section, we outline the progress made in the policy evaluation analysis of the 
telemonitoring program tailored for Chronic Heart Failure (CHF) patients with 
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implantable cardioverter-defibrillators, managed by hospital-based structures within 
the AUSL of Romagna. Section 2.2.4.a provides a summary of our critical review, 
synthesizing two decades of research on the role of telemedicine and remote 
monitoring technologies in managing CHF patients. The full version of the review is 
attached to this document as Annex BO-ROM3 (manuscript entitled "The role of 
Telemonitoring in improving Chronic Heart Failure management: A Systematic 
Literature Review"). Section 2.2.4.b presents a description of the program design. 
Section 2.2.4.c includes a preliminary overview of the data currently available.  
 
2.2.4.a A Systematic Literature Review  
CHF is a clinical syndrome characterized by the heart's inability to pump sufficient 
blood to meet metabolic demands, resulting from structural or functional cardiac 
abnormalities impairing ventricular function. It necessitates continuous medical 
management to alleviate symptoms, prevent exacerbations, and improve quality of 
life. With increasing prevalence driven by aging populations and advances in 
cardiovascular care, CHF constitutes a major global public health challenge. CHF 
prevalence ranges from 2–3% in the general population, rising to 10% among 
individuals aged 70 years and older (OECD, 2015). It imposes substantial burdens on 
healthcare systems through increased hospital admissions and significant hospital 
resources. Multidisciplinary care, involving primary care, cardiology, emergency 
services, and outpatient clinics, demands considerable coordination, further straining 
healthcare systems. 
Telemedicine and remote monitoring technologies offer promising solutions to 
address the economic and clinical challenges of CHF management. By enabling 
continuous monitoring, early detection of exacerbations, and timely interventions, 
these tools are expected to improve patient outcomes and mitigate health care 
costs. The COVID-19 pandemic has accelerated the adoption of such innovations, 
further emphasizing their relevance in resource-limited settings.  
Our review organizes the literature into three areas: cost-effectiveness, clinical 
effectiveness, and patient experience. As we show in the manuscript, economic 
evaluations of telemonitoring are still limited and yield mixed findings. Although some 
studies suggest telemonitoring has the potential to reduce healthcare costs, others 
are inconclusive, emphasizing the need for larger-scale investigations. Evidence 
supporting clinical effectiveness is more robust, particularly in reducing mortality, 
hospitalizations, and heart failure events, with structured telephone support and the 
use of implantable devices showing marked benefits. While the impact on patient 
experience remains underexplored, current studies suggest telemonitoring 
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enhances treatment adherence, quality of life, self-care behaviors, and reduces 
depressive symptoms. Overall, the evidence reviewed in this survey supports 
integrating telemonitoring into CHF management.  
 
2.2.4.b Project Implementation  
This section briefly describes the project design, following the research lines outlined 
in the protocol that was documented in the previous deliverable.  
Since 2022, the Local Health Authority (AUSL) of Romagna has initiated a 
telemedicine and telemonitoring project for CHF patients across its four territorial 
units (Ravenna, Rimini, Forlì, and Cesena). This initiative combines cardiology 
electronic health record (EHR) data with telemedicine tools to implement proactive 
care. The project, developed collaboratively by AUSL Romagna cardiologists, Telos 
Management Consulting, Boston Scientific, and Log80, has produced a "reinforced" 
telemonitoring system. This system utilizes digitalized and processed clinical 
information to anticipate the worsening of patient conditions. The dual objectives are 
to enhance patient quality of care and optimize healthcare resource utilization 
through a proactive care model. 
The project started with pre-2022 activities, by forming a cross-disciplinary team of 
cardiologists, electrophysiologists, and remote monitoring staff. Guided by the 
principles of Value-Based Health Care (VBHC), the team established a standardized 
organizational model for CHF patient telemonitoring. With the aim of facilitating 
proactive interventions coordinated among healthcare professionals, the project 
developed two modules: a dashboard summarizing patients' clinical profiles via 
cardiology EHR data (Digital Heart), and an application integrated into Digital Heart 
for CHF patients with implantable defibrillators (Remoteheart), enabling real-time 
clinical updates through device-generated data. The implementation of the two 
modules has been gradual, incorporating data from four out of five defibrillator 
brands used by AUSL Romagna. The organizational model also includes a 
Standardized Nurse Counseling (CIS) protocol, involving scheduled calls for remote 
monitoring, standardized issue management, and patient empowerment.  
By 2024, Digital Heart will support comprehensive data collection for impact 
evaluation. Based on these data, the project aims to employ a retrospective, 
observational cohort design, assessing the effects of training activities and the new 
patient management model on CHF patients with implantable cardioverter-
defibrillators. Precisely, the project’s objectives include evaluating the impact of 
early-stage training and subsequent adoption of telemonitoring tools, and proactive 
care strategies on care effectiveness and quality.  
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A selection of the data contained in the IT platform will be linked with the relevant 
administrative data to examine, for each patient, the trend of several indicators in the 
periods preceding and following the training phase and the use of the dedicated 
digital platform. Our indicators will encompass both clinical indicators (e.g., overall 
mortality, cardiovascular-specific mortality, and the proportion of patients who 
maintain or improve their clinical condition) and measures of healthcare service 
utilization (e.g., number of hospital admissions, emergency room visits, and the 
duration of hospital stays). Adherence to prescribed therapies will be also used to 
analyze patient compliance. The time pattern of our indicators will be compared with 
the corresponding trend relating to patients with comparable characteristics that 
constitute the control group. After providing a descriptive analysis of the study 
sample, the research aims at using a difference-in-differences (DiD) estimation 
strategy to evaluate the effects of the introduction of the new organizational model. 
 
2.2.4.c The impact of outpatient hospital clinics on the management of CHF patients  
In this section, we describe the advances achieved so far concerning the 
development of the dataset based on the information made available to date.  
The dataset has a longitudinal structure. The unit of analysis consists of patients with 
heart failure who received an implantable cardioverter-defibrillator (ICD) during one 
of the observation quarters. The observation period spans 21 quarters, from January 
1, 2019, to April 1, 2024. A total of 1,179 patients are included in the analysis, of whom 
448 were enrolled in the chronic care hospital outpatient clinic during one of the 
observation quarters, while 731 patients were never enrolled during the reference 
period. 
Pseudonymized identifiers have been linked to administrative data flows from AUSL 
Romagna. The final dataset includes a range of variables, such as socio-demographic 
characteristics (e.g., age, gender, and district of residence), indicators of frailty (e.g., 
deprivation index and Modified-Chronic Disease Score), healthcare utilization 
indicators (e.g., number of cardiology visits, number of echocardiograms, and 
number of integrated home care days), and patient outcome indicators (e.g., number 
of deaths, emergency room visits, and hospitalizations). 
The ongoing research plans to apply difference-in-differences (DiD) methodologies, 
including two-way fixed effects and staggered DiD frameworks, to estimate the 
causal impact of enrollment in the chronic care hospital outpatient clinic on 
healthcare utilization and patient outcomes. The descriptive and impact analyses aim 
to offer critical insights to policymakers regarding the effectiveness of this 



 
 

 

 
PNC 0000002 DARE  S1.D5.2 Page 30 of 36 

organizational model, providing evidence to support potential expansion to broader 
patient populations. 
 

2.3. The UNIROMA2 and ROMA1 research design 

2.3.1. Background information 
The role of primary and secondary prevention initiatives, with particular emphasis on 
vaccination campaigns and screening of at-risk populations, is of fundamental 
importance in the context of public health support activities. Although these 
initiatives target large segments of the population, increasing attention is being 
focused on specific groups, such as those with a high degree of frailty and those 
commonly referred to as "hard to reach". Frailty represents one of the most 
significant challenges for global public health in the coming century, particularly due 
to population aging. The increase in frail individuals (understood as multi-chronic 
individuals, minors, lonely elderly, disabled individuals, and many others) exerts 
increasing pressure on global health systems, resulting in unmet care needs, 
hospitalizations, reduced quality of life, and premature mortality. Similarly, the 
concept of "hard to reach" populations refers to individuals or groups who face 
barriers in accessing healthcare due to various factors, such as socio-economic level, 
language barriers, cultural differences, or geographical isolation. In a broader sense, 
it can include all non-participating or non-attending individuals in organized public 
health programs. 
In Italy, several initiatives recognize the importance of identifying and involving these 
specific groups in public health activities, such as screening or vaccination 
campaigns. For example, the National Vaccination Prevention Plan 2023-2025 
emphasizes the use of digital technologies and community-based approaches to 
reach populations with socio-health vulnerabilities. Similarly, the National Recovery 
and Resilience Plan includes measures to address health inequalities and improve 
access to healthcare for disadvantaged populations in Italy. 
Analyzing the characteristics that distinguish the groups in question, points of 
contact with the small world networks model can be highlighted, i.e., groups of 
closely linked individuals who share strong social relationships and are often resistant 
to external influence. It is known that the opinions and perceptions of a group 
towards a public health intervention influence the group's adherence to it, and the 
first step to intervene on this is to effectively gather the population's viewpoint on 
the health intervention to be implemented. To do this, particularly in a small world 
networks context, it is effective to use sentiment analysis approaches, i.e., techniques 
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that use digital and artificial intelligence tools to analyse the opinions of individuals 
belonging to a specific population regarding a specific topic. In the literature, there 
are numerous examples of sentiment analysis applications to public health 
interventions, demonstrating the applicability of these techniques to monitoring 
vaccination and screening campaigns. Once the population's perception of the 
ongoing intervention is understood, it may be necessary to adjust the strategies for 
adherence to public health initiatives. From this perspective, community-based 
participatory research (CBPR) has proven effective in involving frail and hard-to-
reach populations in previous public health initiatives in Italy. CBPR involves building 
joint initiatives between researchers and community members, which can help build 
trust and relationships with community gatekeepers and leaders. Other strategies to 
engage populations related to small world networks, such as those analysed in this 
study, include leveraging social networks and peer influence, using culturally and 
linguistically appropriate communications, and providing incentives to encourage 
participation. 
The goal of vaccination programs should not only be to achieve an optimal coverage 
level in the general population but also to reduce existing inequalities among 
different groups by providing appropriate interventions targeted at socially or 
economically vulnerable individuals who are harder to reach in healthcare services. 
This project is part of initiatives aimed at developing approaches dedicated to frail 
and hard-to-reach groups to promote adherence to screening and vaccination 
campaigns. The initiative aims to provide effective tools for activating local services 
close to the condition of difficulty, involving civil society actors and third sector 
entities to facilitate the completion of recommended vaccinations. 
 

2.3.2. Objectives 
The primary objective of the study is to evaluate the effectiveness of sentiment 
analysis tools in capturing the opinions of frail and hard-to-reach populations 
regarding public health interventions, with specific reference to adherence to 
screening and vaccination campaigns. Additionally, the study aims to evaluate the 
effectiveness of participatory communication campaigns in improving adherence 
levels to vaccination and screening campaigns in the population. 
These objectives will be achieved by creating an integrated flow system between 
existing health platforms and the territory, which will help identify target populations 
and evaluate the effectiveness of interventions. To evaluate the effectiveness of 
these strategies in supporting vaccination uptake and screening, the following 
endpoints will be assessed: 
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Primary Endpoints: 

• Change in coverage for mandatory vaccinations offered by ASL Roma 1 among 
frail and hard-to-reach patients before and after conducting sentiment analysis 
and subsequent participatory communication campaigns. 

• Change in coverage for recommended vaccinations offered by ASL Roma 1 
among frail and hard-to-reach patients before and after conducting sentiment 
analysis and subsequent participatory communication campaigns. 

• Change in coverage for seasonal vaccinations offered by ASL Roma 1 among 
frail and hard-to-reach patients before and after conducting sentiment analysis 
and subsequent participatory communication campaigns. 

• Change in adherence rates to screening campaigns offered by ASL Roma 1 
among frail and hard-to-reach patients before and after conducting sentiment 
analysis and subsequent participatory communication campaigns. 

 

2.3.3. Study methodology 
Study Design and Procedures  
The observational study includes the following phases: 

1. Identification of territorial areas and contexts with a higher prevalence of frail 
patients and those belonging to hard-to-reach populations within the ASL 
Roma 1 territory through mapping techniques and epidemiological data 
analysis by social and health operators affiliated with ASL Roma 1. 

2. Adoption of sentiment analysis techniques conducted on major social 
platforms to probe the opinions of interest groups regarding screening 
initiatives and vaccination campaigns conducted within ASL Roma 1. 

3. Development of participatory research initiatives based on the results of 
sentiment analysis techniques for the populations subject to this study. The 
initiatives will aim to promote community engagement and increase adherence 
to screening and vaccination for the populations concerned within ASL Roma 
1. 

4. Retrospective analysis of data related to adherence to screening and 
vaccination campaigns before and after participatory research initiatives. 

 
The overall duration of the study is expected to be 18 months (from Dec 2024 to May 
2026). The implementation phase of digital tools for identifying target populations 
through sentiment analysis will take place between December 2024 and March 2026. 
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Inclusion and Exclusion Criteria  
The study specifically targets promoting adherence to vaccination and screening 
offerings among frail and hard-to-reach segments of the population. These 
categories have been defined based on the national vaccination plan as adopted by 
the Lazio Region, as follows: 

• Minors. 
• Disabled individuals. 
• People with psychiatric problems. 
• Women in difficulty. 
• Lonely elderly. 
• Multi-chronic individuals. 

In addition to these categories, the academic world and national and international 
institutions, including the World Health Organization (WHO) and the European Centre 
for Disease Control (ECDC), specify that other categories considered hard to reach 
are also prioritized for immunization. Therefore, the strategies implemented for 
immunization and involvement in prevention processes will be analyzed for the 
following targets: 

• Target 1: Residents and staff of social and socio-assistance facilities 
• Target 2: Occupied buildings, Roma camps, illegal settlements, and informal 

settlements 
• Target 3: Homeless centers 
• Target 4: People with reduced access to NHS facilities 
• Target 5: People in single-person households 

 
Data Collection and Sources  
For the development of the various phases of the study, the following data will be 
collected: 

• Identification of territorial areas and contexts with a higher prevalence of frail 
patients and those belonging to hard-to-reach populations within the ASL 
Roma 1 territory through mapping techniques and epidemiological data 
analysis: demographic and epidemiological data extracted from the health 
databases of ASL Roma 1 and the Lazio Region will be used for this purpose. 

• Adoption of sentiment analysis techniques: data related to publicly accessible 
posts and comments from major social platforms and search engines (e.g., 
Twitter, Facebook, Instagram, TikTok, Google…) will be used for sentiment 
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analysis techniques. The data will be collected and analysed in aggregate form 
using digital and artificial intelligence tools. 

• Analysis of variations in vaccination coverage and adherence to screening 
campaigns: data related to the period before and after the participatory 
research initiatives implemented with the target populations will be extracted 
and analysed in aggregate form from the Regional and ASL Roma 1 registers. 

 
Statistical Analysis  
The statistical analysis involves the application of descriptive statistics to describe 
the analysed sample in terms of demographic and epidemiological data, and 
numerical parameters related to the variation in vaccination coverage and adherence 
to screening campaigns in the specific population analyzed. The potential role of 
communication and community engagement interventions in the variation of 
vaccination coverage data will be analysed. Statistical analyses will be conducted 
using STATA (StataCorp, USA) and R (https://www.r-project.org/). 
 
Expected Results  
The first expected result of the study is the improvement of vaccination coverage 
and adherence to screening campaigns in the identified target populations. 
Specifically, the expected statistical sample for structuring community engagement 
interventions is about 10,000 individuals attributable to frail or hard-to-reach 
populations, while the provision of vaccinations or screening services is estimated 
for about 3,000 individuals belonging to this population. An increase in coverage and 
adherence rates of about 10% is expected within the community targeted by the 
study. 
 
Other expected results include: 

• Development and implementation of digital and AI tools for conducting 
sentiment analysis on social media. 

• Promoting community involvement in public health initiatives by fostering 
greater collaboration and communication between community members and 
local organizations. 

• Establishing and maintaining territorial structures adapted to the specific 
needs of hard-to-reach populations, with an emphasis on establishing 
Community Houses to provide a safe and supportive environment for 
vulnerable individuals. 
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• Establishing innovative care linkage systems that enable seamless 
communication and coordination between healthcare providers, patients, and 
their families, leveraging sophisticated notification systems adapted to the 
unique needs of each patient. 

 
The study will provide a report on the activities implemented by ASL Roma 1 for the 
development of a vaccination strategy targeted at socially vulnerable categories of 
the population. This analysis will also identify critical issues and opportunities for a 
targeted immunization program by adapting the TIP methodology developed by 
WHO.  
 

2.4. Conclusions 
 
Deliverable S1.D5.2 marks a significant step forward in the application of innovative 
digital tools and evidence-based methodologies to enhance proactive healthcare 
strategies. Rooted in the objectives of the DARE (Digital Lifelong Prevention) project, 
this Deliverable highlights the potential of data-driven approaches to address 
challenges in chronic disease management, improve healthcare equity, and 
streamline preventive care. 
The interventions proposed across Bari, Bologna, and Rome illustrate the depth and 
diversity of strategies being employed. The Bari group demonstrates the 
transformative power of advanced predictive models and population stratification 
tools, leveraging GDPR-compliant data infrastructures like the “Research Data Lake.” 
Their efforts to validate models for chronic diseases and integrate telemonitoring 
technologies underscore a commitment to optimizing resource allocation and 
improving patient outcomes. These initiatives not only refine healthcare delivery 
within the region but also set a template for broader application nationally. 
Similarly, the Bologna group has made strides in incorporating digital tools into 
healthcare systems through the adoption of sophisticated risk stratification software 
and the development of telemonitoring programs. Their focus on rural and 
underserved areas, alongside the evaluation of interventions using tools like the 
Adjusted Clinical Groups (ACG), highlights a strong emphasis on reducing disparities 
and improving chronic disease management. Furthermore, their structured training 
initiatives ensure that healthcare professionals are equipped to implement these 
innovations effectively. 
The Rome 1 group complements these efforts by targeting frail and hard-to-reach 
populations, employing sentiment analysis and participatory communication 
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campaigns to enhance adherence to vaccination and screening programs. Their work 
bridges gaps in healthcare access by tailoring strategies to the unique needs of 
vulnerable groups, fostering trust, and promoting inclusivity in public health 
interventions. 
Collectively, these interventions illustrate the critical role of research design in driving 
healthcare transformation. By integrating advanced technologies, robust data 
methodologies, and community engagement, Deliverable S1.D5.2 lays the foundation 
for a healthcare model that is both equitable and efficient. As these initiatives 
continue to evolve, the integration of standardized models and interoperable 
systems promises to amplify their impact, paving the way for a new era of patient-
centered care. 
The findings from this deliverable not only highlight the importance of innovation in 
addressing healthcare challenges but also demonstrate the potential of collaborative 
and interdisciplinary approaches. By addressing the specific needs of various 
populations, the DARE project exemplifies a commitment to fostering resilience and 
inclusivity within the healthcare system, aligning with the overarching goals of the 
National Recovery and Resilience Plan (PNRR). As the project progresses, it will 
undoubtedly provide valuable insights and scalable solutions for improving health 
outcomes and reducing disparities across Italy and beyond. 
Collectively, these initiatives reflect the critical role of rigorous research design in 
driving healthcare transformation. Each team’s approach not only leverages 
technology and data analytics but also emphasizes local engagement, 
interdisciplinary collaboration, and robust evaluation methodologies. This ensures 
that the proposed interventions are grounded in evidence and tailored to the specific 
needs of the populations they serve. 
Finally, the work presented in this deliverable provides the research framework that 
will guide the empirical analyses over the next 24 months of the DARE project. By 
detailing the methodologies, tools, and strategies adopted by each team, this 
document sets the stage for the systematic assessment and refinement of these 
initiatives. The findings from these empirical analyses will be critical in evaluating the 
scalability and effectiveness of these interventions, ultimately contributing to the 
creation of a more resilient, equitable, and patient-centered healthcare system. 
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Population Risk Stratification Tools and Interventions for Chronic Disease Management in Primary 

Care: A Systematic Literature Review

Abstract

Background: Population risk stratification (RS) tools have been proposed to tailor interventions, 

prioritize resources, and proactively manage high-risk individuals with chronic diseases in primary 

care settings. This study aims to explore the available evidence on the use of population RS tools in 

primary care settings, specifically evaluating the impact of targeted interventions based on RS tools 

on selected chronic patients and healthcare utilization outcomes.

Methods: A systematic literature review was conducted across multiple electronic databases to 

identify relevant articles assessing the impact of targeted interventions based on RS tools in the 

management of chronic disease patients within primary care settings. We included studies meeting 

the following inclusion criteria: randomized controlled trials (RCTs), controlled clinical trials (CCTs) 

or before-after studies (CBAs); adults with heart failure, chronic kidney disease, type 2 diabetes 

mellitus, chronic obstructive pulmonary disease, or dementia; interventions relying on RS tools; 

comparators with or without RS tools; and outcomes including Emergency Department (ED) visits, 

outpatient visits, hospitalizations, mortality, and costs.

Results: A total of seven studies met the inclusion criteria, comprising one RCT, two CCTs, and four 

CBAs. The findings revealed mixed effects of RS tools on healthcare outcomes. Among the included 

studies, four reported significant reductions in ED visits. Two studies reported an increase in 

outpatient visits. Hospitalization rates were reduced in three studies, and two studies reported 

significant reductions in overall mortality. However, the impact on healthcare costs was 

inconclusive.

Conclusions: The evidence on the effectiveness of RS tools for chronic disease management in 

primary care settings remains limited. While some studies demonstrated positive outcomes in 

reducing hospitalizations, ED visits, and mortality, the overall impact on outpatient service use and 

healthcare costs varied. Further high-quality studies are needed to evaluate the long-term benefits 

and cost-effectiveness of RS tools in chronic disease management within primary care.

Keywords: Risk stratification tools, chronic illness, primary care/Primary health care, health services 

research, systematic reviews.
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Introduction

Worldwide, the prevalence of chronic diseases is growing and represents a significant challenge to 

healthcare systems. This occurrence mainly affects the primary care settings where most patients 

receive medical attention and treatments 1–3. Chronic diseases, such as cardiovascular diseases and 

respiratory conditions, are the leading causes of mortality and morbidity globally, and effective and 

sustainable management strategies are needed 3,4. The challenges of chronic disease management 

is exacerbated in primary care with patients requiring continuous care and the coordination of 

multiple healthcare providers. In this context, timely identifying, managing, and monitoring high-

risk patients becomes crucial for improving outcomes and optimizing resource allocation5,6.

Population risk stratification (RS) tools have been proposed to address these challenges 7–9. These 

tools leverage various data sources, including routinely collected healthcare data, electronic health 

records (EHRs) and patient-reported outcomes, to categorize patients according to their risk of 

adverse health events. By doing so, they enable healthcare providers to tailor interventions, 

prioritize resources, and proactively manage high-risk individuals (Figure 1). 

The adoption of such tools, specifically in primary care settings, holds the promise of transforming 

chronic disease management by shifting from a reactive to a proactive and personalized approach 
10,11. However, the integration and yield of population RS tools in primary care vary widely across 

different healthcare systems and settings. Factors such as the healthcare services organization, the 

availability and quality of data, and the readiness of healthcare providers to adapt/innovate their 

strategies following the indications drawn from the adoption of new technologies play a significant 

role in determining their impact 12,13. Due to that, the effectiveness of these tools in improving 

patient outcomes, reducing healthcare utilization, and enhancing the efficiency of healthcare 

delivery remains an open empirical issue and a subject of ongoing research. Understanding these 

dynamics is critical for informing policy, practice, and future research directions in chronic disease 

management.

Given the key role of primary care in managing chronic diseases and the potential benefits of 

implementing population RS tools, there is a compelling need to review the current knowledge on 

their effectiveness and impact on healthcare outcomes. This study aims to explore the available 

evidence on the use of population RS tools in primary care setting for managing chronic diseases. 

Specifically, it seeks to evaluate the impact of targeted interventions based on RS tools on selected 

chronic patients and healthcare utilization outcomes. By doing so, this systematic review intends to 
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provide valuable insights into the potential of RS tools to enhance chronic disease management in 

primary care.

Methods.

Protocol

The review protocol was registered in PROSPERO, the International Prospective Register of 

Systematic Reviews (CRD42023440604). This systematic review was conducted according to the 

PRISMA guideline 14. 

Search Strategy and Inclusion Criteria

This systematic review conducted a comprehensive search across multiple electronic databases, 

using keywords specifically designed to identify relevant articles assessing the impact of targeted 

interventions based on RS tools in the management of chronic disease patients within primary care 

settings.

We searched MEDLINE, Embase, and Scopus from 1995 to up to December 2023. The search 

strategy adopted was consistent across the databases and was developed using the following 

keywords:” stratification”, “chronic diseases”, “primary care setting”, and was as broad as possible, 

to minimize the risk of missing relevant studies. A literature search was performed using a 

combinations of free text keywords as well as controlled vocabulary terms. In addition, we screened 

the reference list of retrieved articles searching for other relevant studies. Language restrictions 

were applied limiting the search to studies published in English. The full search strategy is detailed 

in the Table S1 of Supplemental Materials.  

We included studies that met the following inclusion criteria (PICO): (i) Randomized controlled trials 

(RCTs), Controlled or uncontrolled before-after studies (CBAs and UBAs), or Interrupted Time series 

studies (ITS); (ii) Enrolled adults (≥ 18 years) with chronic diseases; (iii) Considered at least one of 

the following chronic diseases (population): heart failure (HF), chronic kidney disease (CKD), type 2 

diabetes mellitus (DM2), Chronic obstructive pulmonary disease (COPD), dementia; (iv) described 

the characteristics of the population RS tools used in primary health settings, and (v) of any targeted 

intervention (intervention) delivered in primary care settings relying on those tools to identify 

individuals to be targeted by specific actions according to their estimated risk; (vi) The comparator 

(control), if any, was the same intervention without reliance on RS tools; (vii) reported data about 
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any of the following outcome (outcome) of interest: mortality (overall and cause-specific), 

Emergency Department visits, hospitalizations, re-hospitalizations and costs. 

We considered RCTs, nRCTs, CBAs, UBAs, and ITS designs meeting minimum criteria as suggested by 

the Cochrane Effective Practice and Organization of Care Group (EPOC). We considered ITS studies 

as eligible if they have a clearly defined point in time when the intervention occurred (i.e., when the 

RS/population health management (PHM) tool was first used/implemented).

The context of the intervention was defined as primary care settings and practices like family 

practices, community health centers, and community hospitals. A primary care practice/setting 

serves as the patient's entry point into the healthcare system and is the continuing coordination 

point for all needed health care services. Primary care practices provide patients with ready access 

to their designated physician and multidisciplinary health care team.

We excluded case reports, opinion papers, editorials and letter to editors, as well as studies only 

evaluating the technical performance of RS tools (i.e., predictive value).

Study selection and data extraction

Seven reviewers (AN, DT, DG, MC, VP, EB, LA) independently screened title and abstracts from the 

records retrieved. Potentially relevant studies were acquired in full text and assessed for final 

inclusion independently by three pairs of authors. Disagreements were resolved by discussion. The 

results of this process were reported using a PRISMA flowchart.

Authors independently extracted the following information from the full texts: general information 

(Authors, year of publication, title, reference, country, setting); study design; characteristics of 

participants (disease, number, mean age, gender); characteristics of RS tools; type of intervention; 

type of outcome and results. 

Quality assessment

The methodological quality of the included studies was independently evaluated by seven review 

authors, and the risk of bias in the RCTs and CCTs was assessed using the criteria developed by the 

Cochrane Collaboration 15. The following domains were considered: random sequence generation, 

allocation concealment, blinding of participants, providers and outcome assessors, incomplete data 

outcome, and selective outcome reporting. Each domain was classified as “high” or “low” risk of 

bias. When the information reported in the article was insufficient, the domain was defined as 

“unclear”. 
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For CBA and ITS the criteria suggested by the EPOC Cochrane Review Group were used 16. The 

following domains were considered: independent intervention, shape of intervention, knowledge 

of the allocated intervention, incomplete data outcome and selective outcome reporting. 

Synthesis of results

Each study was described in detail and the characteristics of those included reported in tables. We 

summarized the type of risk stratification tool, the type of targeted intervention, and the main 

outcome, reporting results pre and post intervention for both intervention and control groups. We 

reported the change from baseline with 95% confidence interval (CI) if present, or the size effect 

(e.g., mean difference, ratio of means). We also summarized the main policy recommendation, if 

reported by Authors.

Results

Literature search

The bibliographic search retrieved a total of 4963 records after duplicates were removed. Of these, 

4902 were excluded based on title and abstract, and 61 were judged as potentially relevant and 

acquired in full text. Fifty-four articles were excluded as not meeting the inclusion criteria. Overall, 

seven studies were considered eligible for inclusion 17–23 (Figure 2). 

Characteristics of Included Studies

Of the seven included studies, only one was a RCT 17, 2 were CCTs 18,19, and four were CBA studies 
20–23. Overall, two studies were conducted in Hong Kong and UK, while the remaining were from 

Spain, Austria and Germany. All studies provided details about the characteristics of participants. 

Patients enrolled ranged from ~200 18 to more than 200,000 17, with a mean age between 55 and 79 

years. The majority of studies (n=6) included patients with DM2, four studies considered patients 

with COPD, three studies HF and each one study considered hypertension, asthma, CKD, dementia 

and cancer. Table 1 provides a summary of the main characteristics of the included studies.

Stratification tools

Various RS tools and models aimed at improving chronic disease management in primary care 

settings were used. These included the Basque population-based algorithm 18, PRISM software 17, 
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HMR CCG Long Term Conditions Test-Bed 20, RAMP-DM 21,22, Population Health Value (PHV) 23, and 

the Adapted ACG system 19. Detailed descriptions of the RS tools are provided in Table 2.

Interventions details

Several targeted interventions were adopted by various providers, relying on the output of the RS 

tools. For instance, Soto Gordoa et al. 19 described an intervention based on the risk stratification 

tool that consisted of a chronic-care program with multidisciplinary teams, the introduction of new 

professional roles like liaison nurse and case manager, an infrastructure of information and 

communications technologies, and telehealth/empowerment services. Prioritization was based on 

hospitalization history and risk score using the ACG system. Snooks et al. 17 ’s intervention was 

provided by general practices and consisted of using the PRISM software to calculate risk scores for 

individual patients, practice-based training on using the PRISM software, clinical support, technical 

support, and a user-friendly handbook. The duration of the interventions ranged from 12 months 

to over 5 years. Detailed descriptions of the interventions are provided in Table 2.

Outcomes

Five studies evaluated the impact/effect of the RS tool intervention on emergency department (ED) 

visits/admissions (4), outpatient visits (5), hospitalizations (4), two on mortality, and three on costs. 

In Table 3 the results for each study are reported, showing the impact of the interventions on ED 

visits/admissions, hospitalizations, and mortality, and with mixed results for outpatient visits and 

healthcare costs. 

ED Visits/Admissions

Mateo Abad et al. 18 reported a significant reduction in ED visits/admissions (0.3 rate per year) 

compared to the control group (1.3 rate per year, p<0.05). Snooks et al. 17 and Lugo Palacios et al. 
20 did not find significant differences between intervention and control groups for ED visits. Wan et 

al. 22 observed a significant decrease in ED visits/admissions (IRR: 0.588, p<0.05) post-intervention.

Outpatient Visits

Mateo Abad et al. 18 and Lugo Palacios et al. 20 did not report significant differences in outpatient 

visit rates. Wan et al. 22 and Soto Gordoa et al. 19 noted an increase in outpatient visits (IRR: 1.326, 
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p<0.05, and probability: 2.10, p<0.05, respectively), indicating a higher engagement with healthcare 

services among those in the intervention groups.

Hospitalizations

Mateo Abad et al. 18 reported a significant reduction in hospitalizations (0.5 rate per year) compared 

to the control group (0.8 rate per year, p<0.05). Gupta et al. 23 found a 2% reduction in monthly 

hospitalizations for CKD patients (IRR: 0.98, p<0.05). Wan et al. 22 also observed a significant 

reduction in hospitalizations (IRR: 0.415, p<0.05).

Mortality

Jiao et al. 21 and Wan et al. 22 reported significant reductions in overall mortality rates after the 

intervention. Jiao et al. noted an adjusted hazard ratio (aHR) of 0.363 (p<0.05), and Wan et al. 

reported an HR of 0.339 (p<0.05).

Costs

No significant impact of RS tools on costs was found. Gupta et al. 23 reported a decrease in 

healthcare costs for dementia and CKD patients, though not statistically significant. Snooks et al. 17 

found no significant difference in per-patient costs between the intervention and control groups.

Size effect and policy recommendations

Size effects of the targeted intervention based on RS tools, and related policy recommendations, if 

present, are reported in Table 4. For instance, Snooks et al. 17 reported increased ED admission rates 

(1% increase; 95% CI 0.010 to 0.013), ED attendance rates (3% increase; 95% CI 0.028 to 0.032), 

outpatient visit rates (5% increase; 95% CI 0.051 to 0.058), and time in hospital (3% increase; 95% 

CI 0.026 to 0.031). They recommend that policymakers should consider alternative approaches to 

managing high-risk patients, emphasizing interventions aimed at reducing length of hospital stay 

and preventing readmissions, rather than solely focusing on identifying high-risk patients. 

Quality assessment

The only RCT 17 was judged at low risk of bias for selection (random sequence generation and 

allocation concealment), attrition (incomplete outcome data) and reporting (selective outcome 

reporting) bias, at high risk for performance bias (blinding of participants and personnel), ad at 
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unclear risk for detection bias (blinding of outcome assessment). Relating to 2 CCTs, the study of 

Mateo Abad et al. 18 was at low risk of bias for selection (allocation concealment) and attrition 

(Incomplete outcome data) bias, and Soto Gordoa et al. 19 was judged at high risk of bias for all 

domains but one (reporting) that was judged at low risk. 

Regarding the four CBAs 20–23, all were at low risk for the independent intervention and selective 

outcome reported, two were at low risk of incomplete outcome data, while in three studies it was 

unlikely that the intervention affected data collection, in one study the shape of intervention effect 

was pre-specified and only in one study the allocation of interventions was adequate. 

Detailed results of the quality assessment are reported in the supplemental Table S2.

Discussion

This systematic literature review investigated the potential effect of population-based RS tools in 

managing chronic diseases within primary care settings. While other studies have focused on the 

validation of the prediction capacity of specific RS tools 11, our research provides meaningful 

evidence on the impact of these tools on population health outcomes, particularly in chronic disease 

management carried out by primary care services. Specifically, we aimed to examine the effects of 

the targeted interventions based on RS tools on selected chronic patients and healthcare utilization 

outcomes. 

We focused our search on the most common chronic conditions—heart failure, diabetes mellitus, 

chronic obstructive pulmonary disease, and dementia. These conditions are highly prevalent in the 

population and serve as benchmarks for the extensive and effective application of RS tools. These 

chronic conditions require complex, continuous management and benefit from RS tools, which help 

healthcare providers prioritize resources and tailor preventive targeted interventions that can be 

delivered in out-of-hospital care settings 24,25. Our research summarized the latest evidence testing 

the hypothesis that implementing RS tools in primary care settings for these conditions can lead to 

better health outcomes, reduced hospitalizations, and improved overall quality of life for patients.

Evaluating population health management tools, such as stratification and risk prediction tools, can 

be challenging. There is a growing body of evidence on their effectiveness and validation, but real-

world implementation and impact studies remain limited and heterogeneous. The latter group of 

studies vary significantly in their designs, definitions of interventions, population sizes, exposure 

times, and analyzed outcomes. The still limited and fragmented nature of the related literature 
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makes it difficult to draw broad, generalizable conclusions. However, our analysis attempted to 

untangle the “web” of scientific evidence and identified key study designs, such as CCTs and CBAs, 

for future research.

The available literature regarding the effectiveness of RS tool adoption, and related interventions, 

in enhancing outcomes of interest remains limited both in quality and quantity, with the studies 

reviewed offering mixed evidence. While some of the findings to date are promising, particularly in 

terms of reductions in hospitalization and mortality rates, the evidence concerning reductions in ED 

visits is comparatively weaker. Notably, several studies indicate a simultaneous increase in the 

utilization of outpatient services, whereas the few analyses examining cost implications reports no 

significant impact.

The comprehensive review conducted in this study highlighted in the first place the very limited 

number of evaluations that have assessed the impact of RS tools on improving primary care 

outcomes. This finding outlines the unexploited potential for policymakers to leverage the 

sophisticated use of data to enhance primary care interventions. Additionally, we emphasized the 

importance of adequately defining the intervention based on RS models, when applying such tools 

to primary care settings for chronic conditions. Interventions can be defined either as the simple 

use of the stratification tool or, more appropriately, as the comprehensive set of measures, actions, 

and behaviors (e.g., explicitly through protocols/guidelines) implemented when information about 

a patient’s risk is made available to healthcare professionals (physicians, nurses, or others).

Non-conclusive evidence supports that improving healthcare models relying on RS tools is 

associated with a reduction in both ED visits and hospital admissions 18,22. These outcomes, when 

considering the management of chronic patients, serve as a proxy for patient mismanagement by 

primary care services, highlighting their poor capacity to fully address clinical needs, prevent disease 

recurrence, or clinical decline, leading to overuse of acute care settings 11.

These findings align with other studies indicating that RS can enhance resource allocation and 

patient management, ultimately improving health outcomes and reducing the strain on healthcare 

services, in particular reducing hospitalizations 11,24. However, as reported by Snooks et al. 17, any 

interventions using predictive risk stratification tools should have explicit models of how they will 

work and undergo rigorous evaluation of their clinical and cost-effectiveness before 

implementation.

In line with the hypothesis investigated, the implementation of RS tools can be associated with an 

increase in outpatient visits, as reported by Mateo Abad et al., Wan et al., and Gupta et al. 18,22,23. 
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These findings suggest a better capability of primary care services to treat chronic patients, reducing 

their risk of needing ED or hospital care, and appropriately moving the setting of care from acute 

hospital attendances to primary care consultations.

Our systematic review also investigated the impact of complete RS tool implementation on 

mortality in large healthcare organizations. Although the evidence is still relatively limited, we found 

two studies reporting lower mortality rates in primary care settings where RS had been 

implemented, leading to better-informed clinicians and healthcare providers 21,22. Two studies 17,23 

also examined the potential impact of RS tools and related interventions on costs but found no 

significant differences between intervention and control groups. RS tools utilize various data inputs, 

including electronic health records and patient-reported outcomes, to categorize patients based on 

their risk of adverse health events 17,19–21. This could enable healthcare providers to tailor 

interventions more precisely, prioritize resources, and engage in proactive management of high-risk 

individuals. For example, the Adjusted Clinical Groups (ACG) system and the Hierarchical Condition 

Categories (HCC) model are widely used to predict healthcare utilization and guide clinical decision-

making in primary care 11,26,27.

Future Directions

To maximize the benefits of RS tools, future research should focus on several key areas. Enhancing 

Data Integration: Improving the integration of diverse data sources, including social determinants 

of health, can enhance the predictive accuracy of RS tools. This requires robust health information 

exchange systems and standardized data collection practices 28,29 . Institutional Design: the studies 

should include a thorough and systematic description of the interventions that accompanied the 

adoption of RS tools. Such an effort will help to unravel the underlying mechanisms of these 

interventions and identify the key factors contributing to their success. Training and Support for 

Healthcare Providers: Providing adequate training and support for healthcare providers is essential 

to facilitate the adoption and effective use of RS tools. This includes developing user-friendly 

interfaces and ensuring that providers understand the benefits and limitations of these tools 29,30. 

Evaluating Long-term Impact: Longitudinal studies are needed to evaluate the long-term impact of 

RS tools on patient outcomes and healthcare costs. This will provide valuable insights into the 

sustainability and effectiveness of these interventions over time 30. Addressing Ethical and Privacy 

Concerns: Ensuring the ethical use of patient data and maintaining privacy are paramount. This 

involves implementing stringent data protection measures and engaging patients in discussions 
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about how their data will be used 31. Customization and Flexibility: Developing customizable RS tools 

that can be tailored to the specific needs of different populations and healthcare settings can 

improve their relevance and effectiveness. This involves ongoing collaboration between developers, 

healthcare providers, and policymakers 32. 

Challenges and Limitations

Despite their benefits, the implementation of RS tools in primary care is not without challenges. One 

significant issue is the variability in healthcare organization and data quality across different 

settings, which can affect the accuracy and utility of these tools 9,24. Additionally, the readiness of 

healthcare providers to adopt new technologies and integrate them into existing workflows is 

crucial for the successful implementation of RS tools 33. This requires that innovative strategies are 

endorsed by the entire healthcare system, across all policy and operational levels, to ensure proper 

transmission of directives and cooperation among the stakeholders involved. Another challenge is 

ensuring the comprehensiveness of the data used for RS. Many tools primarily rely on biomedical 

data, potentially overlooking important social determinants of health, such as socioeconomic status 

and behavioral factors, which can significantly impact patient outcomes 34. Addressing these gaps 

requires incorporating broader data sources and enhancing the interoperability of health 

information systems.

Conclusion

Despite the evidence provided by the available scientific literature is limited in quality and quantity, 

population RS tools represent a promising innovation in the management of chronic diseases within 

primary care settings. By enabling more precise interventions and proactive care, these tools could 

have the potential to improve patient outcomes and enhance healthcare efficiency. However, 

addressing the challenges associated with their implementation and ensuring the 

comprehensiveness of the data used are critical for realizing their full potential. Continued research 

and development, along with supportive policies and evolving healthcare organizations, are 

essential to advance the use of RS tools and transform chronic disease management in primary care. 

By synthesizing current evidence and identifying key challenges and future directions, this review 

provides insights into the potential of RS tools to enhance chronic disease management in primary 

care. Further research and policy efforts are needed to optimize the integration and impact of these 

tools in diverse healthcare settings.
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Figure 1. Targeted interventions based on risk stratification/prediction tools 
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Figure 2. PRISMA 2020 flowchart for studies’ identification. 
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Table 1. Main characteristics of the included studies.

 

STUDY DESIGN Disease/

s

participants intervention/participants 

before

participants control/participants after

Study 

ID

COUN

TRY

Study 

design

Inclusion criteria Before 

period (for 

CBA/ITS)

After 

period 

(for 

CBA/ITS)

Length of 

post-

interventio

n follow-up 

period

 N Mean Age 

(SD)

FEMALE% N Mean Age 

(SD)

FEMALE%

Outcome/s 

analyzed

Mate

o 

Abad 

2020

Spain CCT ≥65 years, 2+ 

chronic conditions 

(COPD, CHF, 

diabetes)

- - 9-12 

months

COPD, 

CHF, 

diabetes

101 79.6 (6.9) 34% 99 79.2 (6.8) 40% ED-

visits/admissio

ns; 

Outpatient 

visits; 

Hospitalizatio

ns; 

Others

Snook

s 2018

Engla

nd 

(UK)

RCT General practices 

within Abertawe 

Bro Morgannwg 

University Health 

Board

- - 18 months Asthma, 

COPD, 

diabetes, 

hypertens

ion

230,099 41.2 (23.4) 50% 230,099 41.2 (23.4) 50% ED-

visits/admissio

ns; 

Outpatient 

visits; 

Costs; 

Others

Lugo 

Palaci

os 

2019

Engla

nd 

(UK)

CBA 

(DiD)

All patients assisted 

by 2 Clinical 

Commissioning 

Groups

Apr 2016-

Mar 2017

Apr 2017-

Mar 2018

10-13 

months

COPD, 

type II 

diabetes, 

heart 

failure

5276 

COPD, 

1877 HF, 

13741 

DM

N/A N/A 1723 N/A N/A ED-

visits/admissio

ns; 

Outpatient 

visits; 

Others

Jiao 

2015

Hong 

Kong

CBA 

(DiD)

Age ≥18, ICPC-2 

codes T89/T90, at 

1 Aug 2009-

31 Jul 2010

Aug 2010-

31 Jul 2013

- Type 2 

DM

9094 64.23 

(11.05)

52% 9094 64.29 ± 11.96 53% Mortality; 

Others 
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least one primary 

clinic attendance 

before baseline

Wan 

2018

Hong 

Kong

CBA 

(DiD)

Age ≥18, type 2 

DM, no prior CVD or 

microvascular 

complications

1 Aug 2009-

30 Jun 2011

Jul 2011-

Nov 2015

- Type 2 

DM

26718 67.76 

(11.73)

53% 26718 67.79 (13.64) 53% ED-

visits/admissio

ns; 

Outpatient 

visits; 

Mortality;

Hospitalizatio

ns;

Gupta 

2019

USA CBA Patients in UCLA 

primary care 

network

CKD before 

Aug 2016, 

Dementia 

and cancer 

Apr 2017

CKD Oct-

Dec 2016, 

Dementia 

and cancer 

Jun-Sep 

2017

- CKD, 

Dementia

, Cancer

Dementia

: 4348, 

CKD: 

17172, 

Cancer: 

27757

Dementia: 

85 (9), CKD: 

73.5 (15), 

Cancer: 62.9 

(15)

Dementia: 

34%, 

CKD: 48%, 

Cancer: 

34%

Dementia: 

4348, 

CKD: 

17172, 

Cancer: 

27757

Dementia: 85 

(9), 

CKD: 73.5 

(15), 

Cancer: 62.9 

(15)

Dementia: 

34%, 

CKD: 48%, 

Cancer: 

35%

 Costs

 

 

 

 

Soto-

Gordo

a 2018

Spain CCT Individuals with 

multimorbidity, 

≥65 years

2012 2014 12 months Multimor

bidity 

(DM, HF, 

COPD)

Not 

prioritize

d: 2761, 

Prioritize

d: 4225

Not 

prioritized: 

77.98 ± 7.42, 

Prioritized: 

80.17 ± 7.06

Not 

prioritized: 

36%, 

Prioritized: 

59%

Not 

prioritized: 

2704, 

Prioritized: 

3558

Not 

prioritized: 

77.61 ± 7.42, 

Prioritized: 

79.2 ± 6.93

Not 

prioritized

: 36%, 

Prioritized

: 61%

Hospitalizatio

ns; Costs; 

Others; 

 

 

RCT: Randomized Controlled Trial; CCT: Controlled Clinical Trial; CBA: Controlled Before-and-After; DiD: Difference-in-Difference; ED: Emergency Department; COPD: Chronic Obstructive Pulmonary Disease; HF, Heart 

Failure; DM: Diabetes Mellitus; CVD: Cardiovascular Disease; CKD: Chronic Kidney Disease; F: Female; M: Male; ICPC-2: International Classification of Primary Care (ICPC-2).
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Table 2. Stratification tools and interventions.

Study ID Provider Description Stratification Tool Intervention Description Duration

Mateo Abad 2020 Integrated care 

organizations (ICO) 

within the Basque 

Country health system, 

Spain.

Basque population-

based algorithm

The intervention was the CareWell integrated care model, which included: coordination between health providers, home-

based care, patient empowerment, and support from ICT tools. The CareWell model defined a specific care pathway with 

several phases, focusing on care coordination/communication and patient empowerment/home-based care. The CareWell 

model for multimorbidity patients includes identification through the Basque population-based risk stratification 

(Complexity defined as having a predictive risk index higher than 6.28, which means that the probability of using the health 

services in the following year was at least 6.28 times higher than for an average Basque citizen), baseline assessment, 

therapeutic plan, follow-up, patient stabilization, integrated care during hospitalization, coordinated discharge. It also 

included a patient empowerment program called KronikOn, with 4 sessions of 20-30 minutes provided by nurses.

9-12 months

Snooks 2018 General practices within 

Abertawe Bro 

Morgannwg University 

Health Board

PRISM software The intervention consisted of: 1) PRISM software that provided risk scores for individual patients, 2) 2 hours of practice-

based training on using the PRISM software, 3) clinical support through 2 "GP champions", 4) technical support through a 

"help desk", and 5) a user-friendly handbook. The intervention was provided to general practitioners, not directly to 

individual patients. PRISM software estimates emergency admission risk. Practices use risk scores to target services. 

1-12 months

Lugo Palacios 2019 Heywood Middleton 

and Rochdale Clinical 

Commissioning Group 

(HMR CCG)

HMR CCG Long Term 

Conditions Test Bed

The interventions were:

1. Clinical audit and population management software including risk algorithms (MSDi Optimise). The algorithm provided 

prediction scores about patients’ risk of developing long-term conditions (COPD, heart failure, type 2 diabetes) at 12 and 

24 months.

2. Quality improvement program (Evidence into Practice) for COPD and diabetes, delivered over 12 months

3. Remote telehealth monitoring and coaching service (Closercare) for patients with heart failure or COPD, involving 12 

weeks of remote monitoring followed by 6 weeks of weekly 60-minute coaching sessions

12 months

Jiao 2015 Hong Kong Hospital 

Authority

RAMP-DM The intervention is the RAMP-DM program, which involves comprehensive risk factor screening, risk stratification (RAMP-

DM provides comprehensive risk screening for diabetes-related complications, with patients stratified into risk groups), 

and provision of appropriate interventions and education by a multidisciplinary team based on the patient's risk level and 

HbA1c level. The frequency of the full risk factor screening and assessment varies, with some patients receiving it annually 

and others every 2-3 years with annual blood tests. Care is managed by trained nurses, including education and lifestyle 

advice.

Aug 2009 - Jul 

2013

Wan 2018 Hong Kong Hospital 

Authority

RAMP-DM The intervention is the Risk Assessment and Management Programme-Diabetes Mellitus (RAMP-DM), which involves: 1) 

risk assessment and stratification by nurses, 2) multidisciplinary care coordinated by a nurse manager, 3) individualized 

Aug 2009 - Nov 

2015
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Under Review

care planning based on risk factors, and 4) patient education and lifestyle advice provided by nurses. The RAMP-DM is 

provided in addition to usual care by the patient's general outpatient clinic doctor.

Gupta 2019 University of California 

Los Angeles Health 

(UCLA Health)

Population Health 

Value (PHV)

PHV model identifies spending reasons and creates care pathways. Larger lower-risk cohorts receive fewer intensive 

interventions, smaller higher-risk cohorts receive more intensive interventions, based on data analytics.

The interventions included:

- For dementia patients:

- Dementia education using patient portals and online materials for low-risk patients (tiers 4 and 5)

- Referral to the Alzheimer's and Dementia Care (ADC) program, which provided nurse practitioner co-management of 

dementia care, for middle-risk patients (tiers 2 and 3)

- Intensive care management for high-risk patients (tier 1) to coordinate care across primary and specialty teams, reduce 

utilization, and initiate palliative care

- For CKD patients:

- Hiring a CKD care coordinator to expedite ambulatory care and increase access to interventional radiology services, who 

coordinated with extensivist primary care physicians managing high-risk patients (tier 1)

- For cancer patients:

- Three care pathways defined for five risk tiers, but details not provided

Aug-Sep 2016 & 

Apr-May 2017

Soto-Gordoa 2018 Basque Department of 

Health

Adapted ACG system The intervention consisted of a chronic-care program with multidisciplinary teams, new roles like liaison nurse and case 

manager, an infrastructure of information and communications technologies, and telehealth/empowerment services 

including BetiOn, Active Patient, and Osarean. Prioritization based on hospitalization history and risk score using the ACG 

system. The aim is to reduce hospital inpatient services by empowering primary care services.

1 year (2014)
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Under Review

Table 3. Outcomes

Gener

al 

inform

ation

ED-visits/admissions Outpatients visit Overall mortality Hospitalizations Costs

Study 

ID

events 

interventio

n

events 

control

p-

valu

e

favora

ble to 

interv

ention

?

events 

intervention

events 

control

p-

value

favor

able 

to 

inter

venti

on?

events 

interventio

n

events 

control

p-value favorable 

to 

interventi

on?

events 

intervention

events 

control

p-value favorable to 

intervention?

events 

intervention

events 

control

p-value favorable to 

intervention?

Mateo 

Abad, 

2020

0.3 rate per 

year

1.3 rate 

per year

S Y 2.4 rate per 

year

3.1 rate 

per year

NS   

 

 

 

0.5 rate per 

year

0.8 rate 

per 

year

S Y  

 

 

 

 

Snooks

, 2018

 0.17 rate 0.16 rate

 

S N 1.72 rate

 

1.70 rate

 

S N  

 

 

 

   

 

 

 

  1548 £ per

patient per 

year

 

1535 £ 

per

patient 

per year

 

S N

Lugo 

Palacio

s, 2019

increase of 

79.8%

 

 

NS N increase of 

103.9%

 

 

NS N   

 

 

 

   

 

 

 

   

 

 

 

  

Jiao 

2015

  

 

   

 

 

 

  202/9094 552/909

4

S 

(aHR, 

0.363) 

Y  

 

 

 

   

 

 

 

  

Wan 

2018

 IRR: 0.588 S Y  IRR: 1.326

 

S N HR: 0.339 S Y  IRR: 0.415 

 

S Y  
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Gupta 

2019

  

 

   

 

 

 

   

 

 

 

  CKD:  2% 

reduction in 

monthly 

hospitalizatio

ns (IRR, 0.98) 

Dementia: 1% 

reduction in 

monthly 

hospitalizatio

ns (IRR, 0.99) 

 

 

 S Y  

CKD = $5,559

Dementia = 

$1,768  

 

 

NS Y

Soto-

Gordo

a 2018

 

 

 

 

  Probability: 

2.10

Probabili

ty: 1.64

 S  N  

 

 

 

  Probability: 

0.91

Probabi

lity: 

1.19

S Y 0.95 1.11 S  Y

S: statistically significant (p<0.05); NS: not statistically significant (p>0.05); HR: hazard ratio; IRR: incidence rate ratio. 
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Under Review

Table 4. Size effect and policy recommendations.

Study ID Size effect Policy recommendations 

Mateo Abad, 2020 The paper does not report specific effect sizes with confidence intervals. Still, it does 

indicate that the CareWell integrated care model was associated with reduced 

hospitalizations and emergency visits and increased primary care contacts.

The CareWell integrated care model should be considered when caring for complex, 

multimorbid older patients, as it led to a shift towards more primary care utilization, and fewer 

emergency and hospital visits.

Snooks, 2018 - Emergency hospital admission rates: 1% increase (95% CI 0.010 to 0.013)

- Emergency department attendance rates: 3% increase (95% CI 0.028 to 0.032)

- Outpatients visit rates: 5% increase (95% CI 0.051 to 0.058)

- Proportion of days with recorded GP activity: 1% increase (95% CI 0.007 to 0.014)

- Time in hospital: 3% increase (95% CI 0.026 to 0.031)

Policymakers should consider alternative approaches to managing high-risk patients, such as 

focusing on reducing length of hospital stay and preventing readmissions, rather than just 

identifying high-risk patients. Any interventions using predictive risk stratification tools should 

have explicit models of how they will work and undergo rigorous evaluation of their clinical 

and cost-effectiveness before implementation.

Lugo Palacios, 2019 The size effect for the primary outcome (emergency admissions for COPD, diabetes, and 

heart failure) was a non-significant increase of 7.6 admissions in the intervention site 

compared to the comparator (95% CI: -3.7 to 19.0). 

The authors recommend that national orchestrators of the NHS Test Beds scheme should: 1) 

Reconsider the emphasis on combinatorial innovation, as it may be contributing to 

implementation challenges. 2) Focus on spreading the individual components of the 

intervention, rather than the combinatorial approach. Specifically, the Evidence into Practice 

quality improvement component would be more difficult to spread to a larger area with the 

same resources.

Jiao 2015 For all-cause mortality, the hazard ratio was 0.363 (95% CI 0.308-0.428), indicating a 

63.7% lower risk in the RAMP-DM group. For total CVD, the hazard ratio was 0.629 (95% 

CI 0.554-0.715), indicating a 37.1% lower risk in the RAMP-DM group compared to the 

control group. For CHD, the hazard ratio was 0.570 (95% CI 0.470-0.691), indicating a 

43.0% lower risk in the RAMP-DM group. 

Not applicable (the authors do not provide any explicit policy recommendations)

Wan 2018 After adjusting for baseline covariates, the RAMP-DM group had:

- 66.1% lower risk of all-cause mortality (HR 0.339, p<0.001)

The authors recommend implementing a multidisciplinary, protocol-driven chronic disease 

model of care that involves risk stratification and early optimal diabetes control and risk factor 

management, in order to delay disease progression and prevent complications in patients with 

diabetes.
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Gupta 2019 For patients with stage 4 or 5 chronic kidney disease (CKD), there was a nearly 2% 

reduction in monthly hospitalizations, with an IRR of 0.98 and a 95% confidence interval 

of 0.98-0.99 (p<0.0001). For patients with dementia, there was a 1% monthly reduction 

in inpatient bed days, with an incident rate ratio (IRR) of 0.99 and a 95% confidence 

interval of 0.98-1.00 (p<0.03).

Not mentioned (the paper does not contain any explicit policy recommendations)

Soto-Gordoa 2018 For prioritized patients:

- Increase in probability of outpatient visists (OR: 2.10, CI: 1.70-2.39)

- Increase in number of primary care contacts (OR: 1.07, CI: 1.05-1.10)

- Decrease in probability of hospitalization (OR: 0.91, CI: 0.86-0.96)

- Decrease in number of hospitalizations (OR: 0.96, CI: 0.91-1.00)

For non-prioritized patients:

- Increase in probability of outpatient visits (OR: 1.64, CI: 1.27-2.39)

- Decrease in number of primary care contacts (OR: 0.95, CI: 0.92-0.97)

- Increase in probability of hospitalization (OR: 1.19, CI: 1.09-1.30)

Based on the study, the key policy recommendations are:

1. Prioritize integrated care interventions on specific populations most likely to benefit, rather 

than broad populations.

2. Carefully select the target population for integrated care programs to maximize their 

effectiveness.

3. Utilize observational study designs that capture real-world healthcare contexts, in addition 

to randomized trials, to evaluate the impact of interventions.

4. Leverage electronic health records and appropriate statistical methods to improve the 

validity of results when assessing healthcare interventions.

Page 24 of 24Header: Journal of Health Services Research & Policy

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

1 
 

DARE -WP 5 Spoke 1 
 

Telemonitoraggio dei pazienti cronici: 
l’esperienza della AUSL Romagna per le aree 

interne‡ 
Ricognizione del contesto istituzionale, delle evidenze della letteratura 

e descrizione del disegno della attività di valutazione 
 

 

Abstract 
 

L’obiettivo del rapporto è descrivere il contesto istituzionale e il disegno di valutazione 
di impatto di un programma di telemonitoraggio clinico a beneficio di pazienti cronici, 
realizzato tramite dispositivi medici per rilevazione e trasmissione da remoto dei 
parametri vitali, che viene gestito attraverso una piattaforma informatica. Il 
programma, che ha arruolato più di 130 pazienti, è stato attuato nel territorio della 
AUSL della Romagna come declinazione locale di un’iniziativa regionale e si inserisce 
nell’ambito degli interventi che prevedono l’uso di tecnologie digitali a supporto dei 
pazienti fragili residenti nelle aree interne. 
La struttura del rapporto è articolata come segue. La prima sezione introduce il tema 
della telemedicina inserendolo nel contesto più ampio della sanità digitale, con 
particolare attenzione al ruolo svolto da tali iniziative nella riorganizzazione del sistema 
territoriale dell’assistenza e ai recenti sviluppi istituzionali collegati al PNRR e al D.M. 
77/2022. La seconda sezione discute gli elementi distintivi delle attività di telemedicina 
e telemonitoraggio, La terza sezione propone una ampia ricognizione e valutazione 
critica dell’evidenza scientifica sull’impatto dei programmi di telemonitoraggio delle 
patologie croniche, con specifico riferimento a: scompenso cardiaco, 
broncopneumopatia cronico-ostruttiva e diabete, le patologie da cui sono affetti i 
pazienti arruolati nel programma regionale. La quarta sezione descrive la struttura del 
programma regionale, illustrandone obiettivi e modalità organizzative. La quinta 
sezione conclude con una illustrazione dei dati raccolti e delle prime evidenze relative 
all’attività nell’AUSL della Romagna, proponendo il disegno dell’analisi empirica e le 
linee di sviluppo futuro dell’attività di valutazione. 
  

 
‡ Il presente rapporto è co-finanziato dal Ministero dell’Università e della Ricerca nell’ambito 
del Piano Nazionale Complementare PNC I.1. Progetto DARE -Digital lifelong prevention 
Work Package 5 -Spoke 1.  
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1.�� Telemedicina, evoluzione e sfide dello strumento alla 
prova del PNRR 

�/�D�� �P�H�G�L�F�L�Q�D�� �G�L�J�L�W�D�O�H�� �K�D�� �D�F�T�X�L�V�L�W�R�� �V�H�P�S�U�H�� �P�D�J�J�L�R�U�H�� �U�L�O�H�Y�D�Q�]�D�� �Q�H�O�O�¶�D�V�V�H�W�W�R�� �G�H�L��

�V�L�V�W�H�P�L�� �V�D�Q�L�W�D�U�L���� �F�R�Q�W�U�L�E�X�H�Q�G�R���� �I�U�D�� �O�¶�D�O�W�U�R���� �D�G�� �L�Q�Q�H�V�F�D�U�H�� �S�U�R�F�H�V�V�L�� �L�Q�Q�R�Y�D�W�L�Y�L�� �H�� �D�G��

�R�U�L�H�Q�W�D�U�H�� �O�D�� �U�L�R�U�J�D�Q�L�]�]�D�]�L�R�Q�H�� �H�� �O�¶�H�I�I�L�F�L�H�Q�W�D�P�H�Q�W�R�� �G�H�L�� �V�H�U�Y�L�]�L�� �G�L�� �D�V�V�L�V�W�H�Q�]�D�� �H�� �F�X�U�D����

�(�V�V�D���K�D���I�L�Q�L�W�R���F�R�V�u���S�H�U���D�F�T�X�L�V�L�U�H�����L�Q���P�R�O�W�L���F�R�Q�W�H�V�W�L�����X�Q�D���U�L�O�H�Y�D�Q�]�D���W�D�O�H���G�D���L�Q�I�O�X�H�Q�]�D�U�H��

�D�Q�F�K�H���L�O���Q�X�R�Y�R���S�D�U�D�G�L�J�P�D���G�H�O�O�¶�D�V�V�L�V�W�H�Q�]�D���R�U�L�H�Q�W�D�W�R���D�O�O�¶�L�Q�W�H�J�U�D�]�L�R�Q�H���G�H�L���G�L�Y�H�U�V�L���O�L�Y�H�O�O�L��

�D�V�V�L�V�W�H�Q�]�L�D�O�L�� �H�� �D�O�O�D�� �F�R�O�O�D�E�R�U�D�]�L�R�Q�H�� �I�U�D�� �H�T�X�L�S�H�� �P�X�O�W�L�S�U�R�I�H�V�V�L�R�Q�D�O�L�� ���.�R�V�W�N�R�Y�D���� ������������

�0�H�V�N�y���H�W���D�O�������������������8�Q���U�X�R�O�R���S�U�H�P�L�Q�H�Q�W�H���L�Q���T�X�H�V�W�R���F�D�P�S�R���q���V�Y�R�O�W�R���G�D�L���S�U�R�J�U�D�P�P�L��

�G�L���W�H�O�H�P�H�G�L�F�L�Q�D���H���W�H�O�H�P�R�Q�L�W�R�U�D�J�J�L�R���D�W�W�L�Y�D�W�L���Q�H�L���F�D�V�L���L�Q���F�X�L���O�D���G�L�V�W�D�Q�]�D���U�D�S�S�U�H�V�H�Q�W�D���L�O��

�I�D�W�W�R�U�H���F�U�L�W�L�F�R���S�H�U���O�¶�H�U�R�J�D�]�L�R�Q�H���G�H�L���V�H�U�Y�L�]�L���G�L���S�U�H�Y�H�Q�]�L�R�Q�H���H���F�X�U�D�����P�D���D�Q�F�K�H���S�H�U���O�D��

�I�R�U�P�D�]�L�R�Q�H���G�H�J�O�L���R�S�H�U�D�W�R�U�L���H���S�H�U���O�¶�D�W�W�L�Y�L�W�j���G�L���U�L�F�H�U�F�D���H���Y�D�O�X�W�D�]�L�R�Q�H�����:�+�2�����������������7�D�O�L��

�L�Q�W�H�U�Y�H�Q�W�L���F�R�L�Q�Y�R�O�J�R�Q�R���X�Q�D���J�D�P�P�D���G�L���D�W�W�L�Y�L�W�j���D�F�F�X�P�X�Q�D�W�H���G�D�O���I�D�W�W�R���F�K�H���H�U�R�J�D�W�R�U�L���H��

�E�H�Q�H�I�L�F�L�D�U�L���� �U�L�V�S�H�W�W�L�Y�D�P�H�Q�W�H�� �S�U�R�I�H�V�V�L�R�Q�L�V�W�L�� �V�D�Q�L�W�D�U�L�� �H�� �S�D�]�L�H�Q�W�L���� �L�Q�W�H�U�D�J�L�V�F�R�Q�R�� �D��

�G�L�V�W�D�Q�]�D�� �J�U�D�]�L�H�� �D�O�O�¶�D�X�V�L�O�L�R�� �G�L�� �G�L�V�S�R�V�L�W�L�Y�L�� �H�O�H�W�W�U�R�Q�L�F�L�� �H�� �G�L�� �,�&�7�� ���,�Q�I�R�U�P�D�W�L�R�Q�� �D�Q�G��

�F�R�P�P�X�Q�L�F�D�W�L�R�Q���W�H�F�K�Q�R�O�R�J�L�H�V�����,�&�7�������6�R�R�G���H�W���D�O�������������������/�D���W�H�O�H�P�H�G�L�F�L�Q�D���S�H�U�P�H�W�W�H���G�L��

�H�U�R�J�D�U�H�� �S�U�H�V�W�D�]�L�R�Q�L�� �V�H�Q�]�D�� �U�H�Q�G�H�U�H�� �Q�H�F�H�V�V�D�U�L�R�� �O�R�� �V�S�R�V�W�D�P�H�Q�W�R�� �G�H�O�� �S�D�]�L�H�Q�W�H���� �,�Q��

�D�P�E�L�W�R�� �D�P�E�X�O�D�W�R�U�L�D�O�H�� �V�L�� �S�X�z�� �D�U�W�L�F�R�O�D�U�H�� �V�H�F�R�Q�G�R�� �X�Q�D�� �S�O�X�U�D�O�L�W�j�� �G�L�� �W�L�S�R�O�R�J�L�H�� �G�L��

�S�U�H�V�W�D�]�L�R�Q�L���F�K�H�� �F�R�P�S�U�H�Q�G�R�Q�R���� �I�U�D�� �O�H�� �D�O�W�U�H���� �O�D���W�H�O�H�Y�L�V�L�W�D���� �L�O�� �W�H�O�H�F�R�Q�V�X�O�W�R���P�H�G�L�F�R���� �O�D��

�W�H�O�H�D�V�V�L�V�W�H�Q�]�D�� �G�D�� �S�D�U�W�H�� �G�L�� �S�U�R�I�H�V�V�L�R�Q�L�� �V�D�Q�L�W�D�U�L�H�� �H�� �O�D�� �W�H�O�H�U�H�I�H�U�W�D�]�L�R�Q�H���� �,�O��

�W�H�O�H�P�R�Q�L�W�R�U�D�J�J�L�R�� �U�L�J�X�D�U�G�D�� �S�L�•�� �V�S�H�F�L�I�L�F�D�P�H�Q�W�H�� �O�H�� �D�W�W�L�Y�L�W�j�� �U�H�O�D�W�L�Y�H�� �D�O�� �U�L�O�H�Y�D�P�H�Q�W�R�� �H��

�W�U�D�V�P�L�V�V�L�R�Q�H���D���G�L�V�W�D�Q�]�D���G�H�L���S�D�U�D�P�H�W�U�L���Y�L�W�D�O�L���H���F�O�L�Q�L�F�L���P�H�G�L�D�Q�W�H���V�H�Q�V�R�U�L������

�1�H�O�� �F�R�U�V�R�� �G�H�J�O�L�� �X�O�W�L�P�L�� �G�H�F�H�Q�Q�L�� �J�O�L�� �D�P�E�L�W�L�� �G�L�� �D�S�S�O�L�F�D�]�L�R�Q�H�� �G�H�O�O�D�� �W�H�O�H�P�H�G�L�F�L�Q�D�� �H�� �G�H�O��

�W�H�O�H�P�R�Q�L�W�R�U�D�J�J�L�R�� �V�L���V�R�Q�R�� �D�P�S�O�L�D�W�L�� �L�Q�� �P�R�G�R�� �F�R�Q�V�L�V�W�H�Q�W�H���� �,�Q�L�]�L�D�O�P�H�Q�W�H�� �J�O�L���L�Q�W�H�U�Y�H�Q�W�L��
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���}�µ�����š���:�X���:�����v���]���]���Œ���E�X�U�����v���������o���,���•�•���v�]�������,�X���~�î�ì�í�õ�•�X���d���o���u�}�v�]�š�}�Œ�]�v�P���]�v�����]�������š���•�W�����À�}�o�µ�š�]�}�v��
�}�(�����}�v�����‰�š�•�����v�����š�����Z�v�}�o�}�P�]���•�U���Á�]�š�Z�������(�}���µ�•���}�v���Œ���•�µ�o�š�•���}�(���š�Z�����u�}�Œ�����Œ�������v�š���•�š�µ���]���•�U���:�}�µ�Œ�v���o��
�}�(���D�����]���]�v�������v�����>�]�(���U���í�î�~�ï�•�W���î�ì�ï�t�î�í�ð�X����

�����Œ�•�}�u�����X���•�X�U���&�����v�•�š�Œ�����d�X���D�X�U�������u���o�u���v���t�X���X�U�����}�v�i���Œ�U���:�X���,�X�U���^���Z�]�i�À���v�U���D�X���W�X���~�î�ì�î�ì�•�X�����}�‰�]�v�P��
�Á�]�š�Z�����K�s�/���r�í�õ�W���•�����o�]�v�P���µ�‰���À�]�Œ�š�µ���o�������Œ�����š�}���•�š���v�����Œ�����‰�Œ�����š�]�����U���E���š�µ�Œ�����D�����]���]�v�����î�ò�U���ò�ï�î�t�ò�ï�ð�X��

�����À���(���U���,�X�U���,�]�š�š�U���>�X���D�X�U���d���Œ�Á�]���•���Z�����X���~�î�ì�í�ô�•�X���d�Z�����/�u�‰�����š���}�(�����r�s�]�•�]�š�•���}�v���s�]�•�]�š���&�Œ���‹�µ���v���]���•�����v����
�W���š�]���v�š���,�����o�š�Z�W�����À�]�����v�������(�Œ�}�u���W�Œ�]�u���Œ�Ç�������Œ���U���D���v���P���u���v�š���^���]���v�����U���ò�ð���~�í�î�•�X��

���}�o�š�}�v�U�����X���X�U���t���š���Œ�•�����X�^�X�U���W���]�Œ�������^�X�U�����o�Á�Ç�v�U���'�X���}�v�������Z���o�(���}�(�����W�^�Z�������v�����D�Z�����'�Œ���v�������Z���o�o���v�P����
�d�����u���~�î�ì�í�í�•�X���/�v�•�µ�(�(�]���]���v�š�����À�]�����v�������}�(�������v���(�]�š�W�������•�Ç�•�š���u���š�]�����Œ���À�]���Á���}�(���Z�}�u�����š���o���u�}�v�]�š�}�Œ�]�v�P��
�(�}�Œ�����K�W���U���:�}�µ�Œ�v���o���}�(�����À���o�µ���š�]�}�v���]�v�����o�]�v�]�����o���W�Œ�����š�]�������í�î�í�ò�t�í�î�î�î�X��

���µ�•�•�}���D�X�U���'�}�v�Ì���o���Ì���D�X�W�X�U���^�����Œ�š���•���]�v�]�����X���~�î�ì�î�î�•���K�v���š�Z���������u���v�����(�}�Œ���š���o���u�����]���]�v���W�����À�]�����v������
�(�Œ�}�u���š�Z�������K�s�/���r�í�õ���‰���v�����u�]���U���,�����o�š�Z�������}�v�}�u�]���•�U���ï�í���~�ó�•���í�ð�õ�í�r�í�ñ�ì�ñ�X����

�����o�~���>�X�U���D���Œ�š�]�v�}�����X�U�����}�o�o���š�š�]�v�}���D�X�����š�����o�X���~�î�ì�î�ï�•���,�����Œ�š���(���]�o�µ�Œ�������v�����š���o���u�����]���]�v���W���Á�Z���Œ�������Œ����
�Á���� ���v���� �Á�Z���Œ���� ���Œ���� �Á���� �P�}�]�v�P�M�� �K�‰�‰�}�Œ�š�µ�v�]�š�]���•�� ���v���� ���Œ�]�š�]�����o�� �]�•�•�µ���•�X�����µ�Œ�}�‰�����v�� �,�����Œ�š�� �:�}�µ�Œ�v���o��
�^�µ�‰�‰�o���u���v�š���î�ñ�U�����ï�î�ò�t���ï�ï�ì����

���Z���µ���Z�Œ�Ç�U���^�X���/�X�U���D���š�š���Œ���U���:�X�����X�U�����µ�Œ�š�]�•�U���:�X���W�X�U�����š�����o�X���~�î�ì�í�ì�•�X���d���o���u�}�v�]�š�}�Œ�]�v�P���]�v���W���š�]���v�š�•���Á�]�š�Z��
�,�����Œ�š���&���]�o�µ�Œ���X���E���Á�����v�P�o���v�����:�}�µ�Œ�v���o���}�(���D�����]���]�v���U���ï�ò�ï�~�î�ð�•�U���î�ï�ì�í�r�î�ï�ì�õ�X��

���Z���v�����X�U�����]�v�P���^�X���t���v�P���:�X���~�î�ì�î�ï�•�X�����]�P�]�š���o���Z�����o�š�Z���(�}�Œ�����P�]�v�P���‰�}�‰�µ�o���š�]�}�v�•�U���E���š�µ�Œ�����D�����]���]�v���W���î�õ��
�í�ò�î�ï�r�í�ò�ï�ì�X��

���Z�]���Œ���v���]�� ���X�U�� ���Z�µ�o���Œ�������^�X�U�� �^���}�l�����Á�� �^�X�X�U�� ���Z���š���Œ���•���l�}�}�v�� �W�X�U���� �h�u�v�µ���Ç�‰�}�Œ�v�o���Œ�š�� ���X�� �U��
���Z���}�u�µ���v�P���E�X�X�U�����}�}�u�u���]�� �E�X���U�� �E�]�u�l�µ�v�š�}���� �W�X�� �~�î�ì�î�ð�•�X�� ���(�(�����š�]�À���v���•�•�� �}�(�� �š���o���Z�����o�š�Z�� �}�v�� �š�Z����
�P�o�Ç�����u�]�������}�v�š�Œ�}�o���}�(���‰���š�]���v�š�•���Á�]�š�Z���š�Ç�‰�����î�����]�������š���•���u���o�o�]�š�µ�•�����µ�Œ�]�v�P���š�Z�������K�s�/���r�í�õ���‰���v�����u�]���W��
���� �•�Ç�•�š���u���š�]���� �Œ���À�]���Á�� ���v���� �u���š���r���v���o�Ç�•�]�•�� �}�(�� �Œ���v���}�u�]�Ì������ ���}�v�š�Œ�}�o�o������ �š�Œ�]���o�•�U���/�v�š���Œ�v���š�]�}�v���o��
�:�}�µ�Œ�v���o���}�(���E�µ�Œ�•�]�v�P���^�š�µ���]���•�������À���v�����•�U���ò���í�ì�ì�í�ò�õ�X��

���}�Œ�š���Ì�����X�U���D���v�•�}�µ�Œ���K�X�U���Y���š�}�����X�U���^�š���(�(�}�Œ�����Z�X�^�X�U�����o���Æ���v�����Œ���'�X�����X���~�î�ì�î�í�•�X�����Z���v�P���•���]�v���^�Z�}�Œ�š�r
�š���Œ�u�U���>�}�v�P�r�š���Œ�u�U�����v�����W�Œ���À���v�š�]�À���������Œ���������o�]�À���Œ�Ç���]�v���h�^���K�(�(�]�����r�����•���������v�����d���o���u�����]���]�v�����s�]�•�]�š�•��
���µ�Œ�]�v�P���š�Z�������K�s�/���r�í�õ���W���v�����u�]���U���:���D�����,�����o�š�Z���&�}�Œ�µ�u�U���î�~�ó�•�W���î�í�í�ñ�î�õ�X����
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������ �>�µ�•�]�P�v���v�� �^�X�U�� �t���o�o�•�� �^�X�U�� �:�}�Z�v�•�}�v�� �W�X�� �U���D���Œ�����]�š�Z�� �<�X���U���>�����š�Z���u�� ���X�� �~�î�ì�ì�í�•�X�� ���}�u�‰�o�]���v������ ���v����
���(�(�����š�]�À���v���•�•���}�(���í���Ç�����Œ�–�•���Z�}�u�����š���o���u�}�v�]�š�}�Œ�]�v�P�X���d�Z�����Œ���‰�}�Œ�š���}�(�������‰�]�o�}�š���•�š�µ���Ç���}�(���‰���š�]���v�š�•���Á�]�š�Z��
���Z�Œ�}�v�]�����Z�����Œ�š���(���]�o�µ�Œ���X�����µ�Œ�}�‰�����v���:�}�µ�Œ�v���o���}�(���,�����Œ�š���&���]�o�µ�Œ�����ï���ó�î�ï�r�ó�ï�ì�X��

���l���o���v���� ���X�'�X�U�� ���}�Á���•�� ���X�U�� �&�o�}�š�š�}�Œ�‰�� �^�X�� �~�î�ì�í�ì�•�� ���(�(�����š�]�À���v���•�•�� �}�(�� �š���o���u�����]���]�v���W�� ���� �•�Ç�•�š���u���š�]����
�Œ���À�]���Á���}�(���Œ���À�]���Á�•�X���/�v�š���Œ�v���š�]�}�v���o���:�}�µ�Œ�v���o���}�(���D�����]�����o���/�v�(�}�Œ�u���š�]���•�U���ó�õ�W���ó�ï�ò�t�ó�ó�í�X��

���o�o���P�
�Œ���U���>�X���D�X�U���<�i���o�o�•�•�}�v�U���'�X�U���˜���D���š�š�]�•�•�}�v�U���>�X���~�î�ì�î�í�•�X�����v�����‰�‰�������o�o�����������Ç���l�����‰�•���š�Z�����‰���š�]���v�š��
���Á���Ç�M���^�µ���•�š�]�š�µ�š�]�}�v���}�(���}�v�o�]�v�������v�����]�v�r�‰���Œ�•�}�v�����}���š�}�Œ�����}�v�•�µ�o�š���š�]�}�v�•�����u�}�v�P���Ç�}�µ�v�P�������µ�o�š�•�X���t�W��
�]�v�������}�v�}�u�]���•���E�}�X���ô�ì�ô�U�������‰�š�X���}�(�������}�v�}�u�]���•�U���h�v�]�À���Œ�•�]�š�Ç���}�(���'�}�š�Z���v���µ�Œ�P�X����

���•�u���š�i���•�����U���:���v�•�����D�U���Z�}���������U���W���Œ���Ì�r�&���Œ�Œ�����E�U�������o���s���o�o�����>�U���D���Œ�š�]�v���Ì�r�,���Œ�À���•���^�U�����š�����o�X���~�î�ì�í�ð�•�X��
�d�Z���� ���(�(�]���]���v���Ç�� �}�(�� �š���o���u�����]���]�v���� �š�}�� �}�‰�š�]�u�]�Ì���� �u���š�����}�o�]���� ���}�v�š�Œ�}�o�� �]�v�� �‰���š�]���v�š�•�� �Á�]�š�Z�� �š�Ç�‰���� �í��
���]�������š���•���u���o�o�]�š�µ�•�W���š���o���u�������•�š�µ���Ç�X�����]�������š���•���d�����Z�v�}�o�}�P�Ç�����v�����d�Z���Œ���‰���µ�š�]���•�V���í�ò�W���ð�ï�ñ�t�ð�í��

���Ì���� �E���U�� �D���š���µ�•�� ���U�� ���Œ���À�}�� �K�o�]�À���]�Œ���� �,���•�Z�]�P�µ���Z�]�� �d�� �~�î�ì�î�ì�•�� �d���o���u�����]���]�v���� �]�v�� �š�Z���� �K�������W�� ���v��
�µ�u���Œ���o�o���� �Œ���À�]���Á�� �}�(�� ���o�]�v�]�����o�� ���v���� ���}�•�š�r���(�(�����š�]�À���v���•�•�U�� �‰���š�]���v�š�� ���Æ�‰���Œ�]���v������ ���v����
�]�u�‰�o���u���v�š���š�]�}�v�X���W�>�}�^���K�E�����í�ñ�~�ô�•�W�����ì�î�ï�ó�ñ�ô�ñ��

�&�Œ�]�����u���v�U���Z�X���^�X�U�������Œ�‰���v�š���Œ�U�����X���D�X�U���^�Z���À���Œ�U���:�X���D�X�U���D�������Œ�u�}�š�š�U���^�X�����X�U���˜���s�}���o�l���o�U���:�X�� �~�î�ì�î�î�•�X��
�d���o���u�����]���]�v�����(���u�]�o�]���Œ�]�š�Ç�����v�����‰�}�•�š�r���]�•���•�š���Œ���µ�š�]�o�]�Ì���š�]�}�v���}�(�����u���Œ�P���v���Ç�����v�����Z�}�•�‰�]�š���o���•���Œ�À�]�����•��
�(�}�Œ�����u���µ�o���š�}�Œ�Ç�������Œ�����•���v�•�]�š�]�À�������}�v���]�š�]�}�v�•�X�����u���Œ�]�����v���:�}�µ�Œ�v���o���}�(���W�Œ���À���v�š�]�À�����D�����]���]�v���U���ò�ï�~�í�•�U��
���í�r���õ�X����

�'���Œ���v�]�v�� ���X�� �U�� �Z�µ�����v���v�l�}�� ���X�U�� �d�Œ�µ�•�}�À�� �z�X�U�� �Z�µ�����v���v�l�}�� �K�X�U�� �<�}�o�•���v�}�À�� ���X�� �~�î�ì�î�ð�•�X�� ���}�u�‰���Œ���š�]�À����
���(�(�����š�]�À���v���•�•�� �}�(�� ���}�u�‰�o���Æ�� �d���o���u�����]���]�v���� �^�µ�‰�‰�}�Œ�š�� �]�v�� �W�Œ���À���v�š�]�}�v�� �}�(�� �,�}�•�‰�]�š���o�]�Ì���š�]�}�v�•�� ���v����
�D�}�Œ�š���o�]�š�Ç���]�v���W���š�]���v�š�•���Á�]�š�Z���,�����Œ�š���&���]�o�µ�Œ���W�������^�Ç�•�š���u���š�]�����Z���À�]���Á�����v�����D���š���r���v���o�Ç�•�]�•�U���>�]�(���U���í�ñ�V��
�í�ð�~�ð�•�W���ñ�ì�ó�X��

�'�}�o�]�v���o�o�]�� ���X�U�� ���}���š�š�}�� ���X�U�� �����Œ�µ�o�o�}�� �'�X�U�� �E�µ�Ì�Ì�}�o���•���� ���X�'�X�U�� �>���v���]�v�]�� �D�X�W�X�U�� �&���v�š�]�v�]�� �D�X�W�X�� �~�î�ì�î�ì�•�X��
�����}�‰�š�]�}�v���}�(�����]�P�]�š���o���š�����Z�v�}�o�}�P�]���•���]�v���Z�����o�š�Z�������Œ�������µ�Œ�]�v�P���š�Z�������K�s�/���r�í�õ���‰���v�����u�]���W���^�Ç�•�š���u���š�]����
�Œ���À�]���Á���}�(�������Œ�o�Ç���•���]���v�š�]�(�]�����o�]�š���Œ���š�µ�Œ���X���:�}�µ�Œ�v���o���}�(���D�����]�����o���/�v�š���Œ�v���š���Z���•�����Œ���Z�U���î�î���~�í�í�•�W���î�î�î�ô�ì�X��

�'�}�o�]�v���o�o�]�U�����X�U���'�Œ���•�•�]�U�����X�U���d�������•���}�U�����X���^���v�u���Œ���Z�]���&�X�U���Z�}�•���U���^�X���Z�µ�����]�U���W�X�����u�����]�o���U���D�X�����}�•���v�š�]�v�}�U��
�D�X�����}�Œ���]�v�]�U�����X���&���v�š�]�v�]�U���D�X���W�X���•���(�(���P�v�]�v�]�U���^�X�����~�î�ì�î�î���•���W���š�]���v�š���Œ���‰�}�Œ�š�������}�µ�š���}�u���•���u�����•�µ�Œ���•��
�~�W�Z�K�D�•�•�� �š�Œ���i�����š�}�Œ�]���•�� ���(�š���Œ�� ���o�����š�]�À���� �Z�]�‰�� ���Œ�š�Z�Œ�}�‰�o���•�š�Ç�W�� ���� �o���š���v�š�� ���o���•�•�� ���v���� �P�Œ�}�Á�š�Z�� �u�]�Æ�š�µ�Œ����
���v���o�Ç�•�]�•�X���:�}�µ�Œ�v���o���}�(���W���š�]���v�š���Z���‰�}�Œ�š�������K�µ�š���}�u���•�U���ò�U���õ�ñ�X��

�'�}�o�]�v���o�o�]�����U���^���v�u���Œ���Z�]���&�U�������‰�}���]���]�����U���'�Œ�]�����µ���}���'�U�����o�š�]�v�]���D�U���Z�}�•�����^�U�����š�����o�X���~�î�ì�î�î���•���s���Œ�]���š�]�}�v�•��
�}�(���š�Z�����‹�µ���o�]�š�Ç���}�(�������Œ�������µ�Œ�]�v�P���š�Z�������K�s�/���r�í�õ���‰���v�����u�]�������(�(�����š�������š�Z�����u�}�Œ�š���o�]�š�Ç���Œ���š�����}�(���v�}�v�r
���K�s�/���r�í�õ���‰���š�]���v�š�•���Á�]�š�Z���Z�]�‰���(�Œ�����š�µ�Œ���X���W�>�}�^���K�E�����í�ó�~�î�•�W�����ì�î�ò�ï�õ�ð�ð��

�'�}�v�Ì���o���Ì�r�D�}�o���Œ�}�� �/�U�� ���}�u�]�v�P�µ���Ì�r�>�}�‰���Ì�� �D�U�� �'�µ���Œ�Œ���Œ�}�� �D�U�� �����Œ�Œ���]�Œ���� �D�U�� ���������o�o���Œ�}�� �&�U�� �Z�µ���]�}�r
�D���Œ�š�]�v�����U�����š�����o�X���~�î�ì�í�î�•���h�•�����}�(���š���o���u�����]���]�v�����]�v���•�µ���i�����š�•���Á�]�š�Z���š�Ç�‰�����í�����]�������š���•�����‹�µ�]�‰�‰�������Á�]�š�Z��
���v�� �]�v�•�µ�o�]�v�� �‰�µ�u�‰�� ���v���� �Œ�����o�r�š�]�u���� ���}�v�š�]�v�µ�}�µ�•�� �P�o�µ���}�•���� �u�}�v�]�š�}�Œ�]�v�P�X���:�}�µ�Œ�v���o�� �}�(�� �d���o���u�����]���]�v����
���v�����d���o�������Œ���V���í�ô�W���ï�î�ô�t�ï�î�X��
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�,���v���t�}�v�P�����X���>�X���~�î�ì�î�î�•�X���d�Z���������Á�v���}�(�����]�P�]�š���o���‰�µ���o�]�����Z�����o�š�Z���]�v�����µ�Œ�}�‰���W���/�u�‰�o�]�����š�]�}�v�•���(�}�Œ���‰�µ���o�]����
�Z�����o�š�Z���‰�}�o�]���Ç�����v�����‰�Œ�����š�]�����U���d�Z�����>���v�����š���Z���P�]�}�v���o���,�����o�š�Z���r�����µ�Œ�}�‰���V���í�ð�W���í�ì�ì�ï�í�ò����

�,�D�� �h�<�� �'�}�À���Œ�v�u���v�š�� �~�î�ì�í�ð�•�U�� �W���Œ�•�}�v���o�]�•������ �,�����o�š�Z�� ���v���� �����Œ���� �î�ì�î�ì�U�� �E���š�]�}�v���o�� �/�v�(�}�Œ�u���š�]�}�v��
���}���Œ���U���E�,�^���Z���‰�}�Œ�š�X����

�,�}�o�o���v�����Œ���:�X�����X�U�������Œ�Œ�����X�'�X���~�î�ì�î�ì�•���s�]�Œ�š�µ���o�o�Ç���W���Œ�(�����š�M���d���o���u�����]���]�v�����(�}�Œ�����}�À�]���r�í�õ�U���E���Á�����v�P�o���v����
�:�}�µ�Œ�v���o���}�(���D�����]���]�v���U���ï�ô�î�~�í�ô�•�W�í�ò�ó�õ�r�í�ò�ô�í�X����

�,�µ�Œ�•�š�U���:�X���Z�X�U�����}�v���o���•�}�v�U���'�X�����X�U���Y�µ�]�v�š�U���:�X���<�X�U���'�}�o���Œ�]�v�P�U���:�X���:�X�U���W���š���o�U�����X���Z�X�U���t�����Ì�]���Z���U���:�X�����X���~�î�ì�í�ì�•�X��
���}�u�]���]�o�]���Œ�Ç�� �‰�µ�o�•���r�}�Æ�]�u���š�Œ�Ç�� ���š�� ���Æ�������Œ�����š�]�}�v�� �}�(�� ���Z�Œ�}�v�]���� �}���•�š�Œ�µ���š�]�À���� �‰�µ�o�u�}�v���Œ�Ç�� ���]�•�����•���W��
�‰�Œ�}�•�‰�����š�]�À�����‰�]�o�}�š���•�š�µ���Ç�X�����D�����W�µ�o�u�}�v���Œ�Ç���D�����]���]�v���U���í�ì�U���í�r�í�í�X��

�/�v�P�o�]�•�U�� �^�X���X�U�� ���o���Œ�l�U�� �Z�X���X�U�� �D�����o�]�•�š���Œ�U�� �&�X���X�� ���š�� ���o�X�� �~�î�ì�í�ì�•�X�� �^�š�Œ�µ���š�µ�Œ������ �š���o���‰�Z�}�v���� �•�µ�‰�‰�}�Œ�š�� �}�Œ��
�š���o���u�}�v�]�š�}�Œ�]�v�P���‰�Œ�}�P�Œ���u�u���•���(�}�Œ���‰���š�]���v�š�•���Á�]�š�Z�����Z�Œ�}�v�]���� �Z�����Œ�š���(���]�o�µ�Œ���X�����}���Z�Œ���v���� �����š�������•����
�^�Ç�•�š���u���š�]�����Z���À�]���Á�V���ô�W�������ì�ì�ó�î�î�ô�X��

�/�}�u�u�]�� �D�U�� �Z�}�•���� �^�U�� �&�µ�•���Œ�}�o�]�� �D�U�� �Z�µ�����]�� �W�U�� �&���v�š�]�v�]�� �D�W�U�� �W�}�o�µ�Ì�Ì�]�� ���� �~�î�ì�î�ì�•�X�� �D�}���]�(�]�����r���Z�Œ�}�v�]����
���]�•�����•���� �^���}�Œ���� �~�D�r�����^�•�W�� �W�Œ�����]���š�]�v�P���š�Z���� �]�v���]�À�]���µ���o�� �Œ�]�•�l�� �}�(�� �������š�Z�� �µ�•�]�v�P�����Œ�µ�P���‰�Œ���•���Œ�]�‰�š�]�}�v�•�X��
�W�>�}�^���K�E�����í�ñ�~�í�ì�•�W�����ì�î�ð�ì�ô�õ�õ�X��

�:���v�•���v���D�,�U�����]���Z�}�•�Ì���^�>�U���,���i�o���•���v���K�<�U���d�}�(�š�����U���E�]���o�•���v�����U���'�Œ���v�v���K�U�����š�����o�X���~�î�ì�í�î�•�����o�]�v�]�����o���]�u�‰�����š��
�}�(�� �Z�}�u���� �š���o���u�}�v�]�š�}�Œ�]�v�P�� �}�v�� �‰���š�]���v�š�•�� �Á�]�š�Z�� ���Z�Œ�}�v�]���� �}���•�š�Œ�µ���š�]�À���� �‰�µ�o�u�}�v���Œ�Ç�� ���]�•�����•���X��
�d���o���u�����]���]�v�������v���������,�����o�š�Z�U���í�ô�W���ò�ó�ð�r�ò�ó�ô�X��

�:�}�Œ�����v���Z�U�������������W�U���:�}�o�o�Ç���<�X���~�î�ì�í�ï�•���d���o���u�}�v�]�š�}�Œ�]�v�P���(�}�Œ���‰���š�]���v�š�•���Á�]�š�Z�����K�W���X�����Œ�]�š�]�•�Z���D�����]�����o��
�:�}�µ�Œ�v���o���ï�ð�ó�W���(�ñ�õ�ï�î�X��

�<�]�š�•�]�}�µ�� �^�X�U�� �W���Œ� �� �'�X�U�� �:�����v���� �D�X�� �~�î�ì�í�ñ�•�X�� ���(�(�����š�•�� �}�(�� �Z�}�u���� �š���o���u�}�v�]�š�}�Œ�]�v�P�� �]�v�š���Œ�À���v�š�]�}�v�•�� �}�v��
�‰���š�]���v�š�•���Á�]�š�Z�����Z�Œ�}�v�]�����Z�����Œ�š���(���]�o�µ�Œ���W�����v���}�À���Œ�À�]���Á���}�(���•�Ç�•�š���u���š�]�����Œ���À�]���Á�•�U���:�}�µ�Œ�v���o���}�(���D�����]�����o��
�/�v�š���Œ�v���š���Z���•�����Œ���Z�U���í�ó�~�ï�•�W�����ò�ï�X��

�<�o���Œ�•�Ç�� ���X�U�� ������ �^�]�o�À���•�š�Œ�]�� ���X�U�� �'�����µ�š�š�]�� �'�X�U�� �Z���P�}�o�]�� �&�X�U�� ���µ�Œ�]�����Z�]�}�� ���X�� �~�î�ì�ì�õ�•�X�� ���� �u���š���r���v���o�Ç�•�]�•�� �}�(��
�Œ���u�}�š�����u�}�v�]�š�}�Œ�]�v�P���}�(���Z�����Œ�š���(���]�o�µ�Œ�����‰���š�]���v�š�•�X���:�}�µ�Œ�v���o���}�(�����u���Œ�]�����v�����}�o�o���P�����}�(�������Œ���]�}�o�}�P�Ç�V���ñ�ð��
�~�í�ô�•�U���í�ò�ô�ï�r�õ�ð�X��

�<�}���Z�o���Œ�U�� �&�X�U�� �t�]�v�l�o���Œ�U�� �^�X�U�� �^���Z�]�������Œ�U�� �D�X�U�� ���š�� ���o�X�� �~�î�ì�í�í�•�X�� �/�u�‰�����š�� �}�(�� �Œ���u�}�š���� �š���o���u�����]�����o��
�u���v���P���u���v�š���}�v���u�}�Œ�š���o�]�š�Ç�����v�����Z�}�•�‰�]�š���o�]�Ì���š�]�}�v�•���]�v�����u���µ�o���š�}�Œ�Ç���‰���š�]���v�š�•���Á�]�š�Z�����Z�Œ�}�v�]�����Z�����Œ�š��
�(���]�o�µ�Œ���W�� �d�Z���� �d���o���u�����]�����o�� �/�v�š���Œ�À���v�š�]�}�v���o�� �D�}�v�]�š�}�Œ�]�v�P�� �]�v�� �,�����Œ�š�� �&���]�o�µ�Œ���� �~�d�/�D�r�,�&�•�� �•�š�µ���Ç�X��
���]�Œ���µ�o���š�]�}�v�U���í�î�ï�~�í�ó�•�U���í�ô�ó�ï�r�í�ô�ô�ì�X��

�<�}�•�š�l�}�À�����W�X���~�î�ì�í�ñ�•�U���'�Œ���v�������Z���o�o���v�P���•�� �]�v�����]�P�]�š���o���Z�����o�š�Z�U���&�Œ�}�v�š�]���Œ�•���]�v���W�µ���o�]���� �,�����o�š�Z�X���ï�U�����Œ�š�X��
�í�ï�ð�X����

�<�Œ�µ�•���U�����X���^�X�U���W���•���l�U�����X���d�X�U�����v�����Œ�•�}�v�U���D�X�U�����Œ���v�v���v�U���<�X�U���˜�����}�u�(�}�Œ�š�U���,�X���~�î�ì�í�õ�•�X���d���o���u�}�v�]�š�}�Œ�]�v�P��
�š�}���D���v���P�������Z�Œ�}�v�]�����K���•�š�Œ�µ���š�]�À�����W�µ�o�u�}�v���Œ�Ç�����]�•�����•���W���^�Ç�•�š���u���š�]�����>�]�š���Œ���š�µ�Œ�����Z���À�]���Á�X���:�D�/�Z��
�D�����]�����o���/�v�(�}�Œ�u���š�]���•�U���ó�~�í�•�U�����í�í�ð�õ�ò�X��

�>���v�����µ�� �•�U�� �D���Ì�}�Œ�r���Œ�}�v�}�À�]�š���Z�� �<�U�� ���}���Ì�� �D�U�� ���o���Ç���Z�(���o���r�D���P�v���Ì�]�� �D�U�� �'�Œ���‰�Z�r�����Œ���o�� ���U�� �>���À���l�r
�D�}�š�}�o���� �E�U�� ���š�� ���o�X�� �~�î�ì�í�î�•�� �d�Z���� ���(�(�����š�]�À���v���•�•�� �}�(�� �/�v�š���Œ�v���š�r�����•������ ���o�}�}���� �P�o�µ���}�•���� �u�}�v�]�š�}�Œ�]�v�P��
�•�Ç�•�š���u�� �}�v�� �]�u�‰�Œ�}�À�]�v�P�� ���]�������š���•�� ���}�v�š�Œ�}�o�� �]�v�� �����}�o���•�����v�š�•�� �Á�]�š�Z�� �š�Ç�‰���� �í�� ���]�������š���•�X���W�����]���š�Œ�]����
���]�������š���•�U���í�ï�U���î�ì�ï�t�ó�X��
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�>�}�µ�]�•�����•�U���Z�}�����•�}�v���D�U���D�����v�����:�U���D���]�}���s�X�U���<���]�š�Z���^�X�t�X�U���>�]�µ���D�X���'�}�v�v���o�o�����:�X�^�X���'�Œ�]�o�o�]���Z�X���~�î�ì�í�ð�•��
�W�Œ�����]���š�]�v�P���Œ�]�•�l���}�(���Z�}�•�‰�]�š���o�]�•���š�]�}�v���}�Œ���������š�Z�W�������Œ���š�Œ�}�•�‰�����š�]�À�����‰�}�‰�µ�o���š�]�}�v�r�����•���������v���o�Ç�•�]�•�X�����D�:��
�K�‰���v�U���ð�U�����ì�ì�ñ�î�î�ï�X��

�D���]���š�š�]�����X�U���^���v�u���Œ���Z�]�����&�X�U���W���o���•�š�]�v�]���>�X�U���'�}�o�]�v���o�o�]�����X�U�����•�‰�}�•�]�š�}���&�X�U�����}�������(�}�Œ�v�}���E�X�U���&���v�š�]�v�]���D�X�W�X�U��
���]�������Œ�š�}�o�}���W�X���~�î�ì�î�í�•�X���d�Z�������Æ�‰���Œ�]���v�������}�(���‰���š�]���v�š�•���Á�]�š�Z�����]�������š���•���Á�]�š�Z���š�Z�����µ�•�����}�(���š���o���u�����]���]�v����
���v���� �š���o�����•�•�]�•�š���v������ �•���Œ�À�]�����•�� ���µ�Œ�]�v�P�� �š�Z���� ���K�s�/���r�í�õ�� �‰���v�����u�]���� �]�v�� �/�š���o�Ç�W�� �&�����š�}�Œ�•�� ���•�•�}���]���š������
�Á�]�š�Z���‰���Œ�����]�À�������‹�µ���o�]�š�Ç�����v�����Á�]�o�o�]�v�P�v���•�•���š�}�����}�v�š�]�v�µ���X�����]�������š���•���Z���•�����Œ���Z�����v�������o�]�v�]�����o���W�Œ�����š�]������
�í�ô�ì�U���í�ì�õ�ì�ð�ó�X��

�D���Œ���}�o�]�v�}�� �D�^�U�� �D���]���� �:�y�U�� ���o�l�u�]�u�� �D���D�U�� ���}���Œ�•�u���� ���U�� �Z�]�����]�Œ�}�� ���>�� �~�î�ì�í�ï�•�� �d���o���u�����]���]�v����
���‰�‰�o�]�����š�]�}�v���]�v���š�Z���������Œ�����}�(�����]�������š���•���W���š�]���v�š�•�W���^�Ç�•�š���u���š�]�����Z���À�]���Á�����v�����D���š���r���v���o�Ç�•�]�•�X���W�>�}�^��
�K�v�����ô�~�í�í�•�W�����ó�õ�î�ð��

�D���Œ�Á���Z���U���:�X�^�X�U���>���v���u���v�����X�����X�U�����Œ���š���'�X�����X�U�����µ�v�v���d�X�U���'�}�Œ���}�v���t�X���:�X���~�î�ì�î�î�•�U�������‰�o�}�Ç�]�v�P�����]�P�]�š���o��
�Z�����o�š�Z�� �š�}�}�o�•���Á�]�š�Z�]�v�� �o���Œ�P���U�����}�u�‰�o���Æ���Z�����o�š�Z���•�Ç�•�š���u�•�W���l���Ç�� ���}�v�•�]�����Œ���š�]�}�v�•���(�}�Œ�������}�‰�š�]�}�v�� ���v����
�]�u�‰�o���u���v�š���š�]�}�v�U���E�W�:�����]�P�]�š���o���D�����]���]�v�����ñ�U���í�ï���~�î�ì�î�î�•����

�D�����l�o���]�U�� �<�X�U�� �^�u�]�š�Z�U�� �E�X�U�� �^�š���Œ�v�U�� ���X�U�� �˜�� �<�Œ���u���Œ�U�� ���X�� ���X�� �~�î�ì�î�í�•�X�� �Z���u�}�š���� �‰���š�]���v�š�� �u�}�v�]�š�}�Œ�]�v�P�v
�}�À���Œ���µ�����}�Œ���}�À���Œ�µ�•�����M���E���Á�����v�P�o���v�����:�}�µ�Œ�v���o���}�(���D�����]���]�v���X����

�D���•�l�•�U�� ���X�� ���Œ�}���v�]�U�� �•�X�� ��� �v�Ç���]�� ���X�� �����v������ �'�X�U�� �'�Ç�…�Œ�(�(�Ç�� �•�X�� �~�î�ì�í�ó�•�� ���]�P�]�š���o�� �Z�����o�š�Z�� �]�•�� ���� ���µ�o�š�µ�Œ���o��
�š�Œ���v�•�(�}�Œ�u���š�]�}�v���}�(���š�Œ�����]�š�]�}�v���o���Z�����o�š�Z�����Œ���U���D�Z�����o�š�Z�U���ï���ï�ô�X����

�E���l���u�µ�Œ���U���E�X�U���<�}�P���U���d�X�U���/�•���l�]�U���,�X���~�î�ì�í�ï�•�X�������u���š���r���v���o�Ç�•�]�•���}�(���Œ���u�}�š�����‰���š�]���v�š���u�}�v�]�š�}�Œ�]�v�P���(�}�Œ��
���Z�Œ�}�v�]�����Z�����Œ�š���(���]�o�µ�Œ�����‰���š�]���v�š�•�U���:�}�µ�Œ�v���o���}�(���d���o���u�����]���]�v�������v�����d���o�������Œ���U���î�ì���~�í�•�X����
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�Z�}�•�•�]���D���U���E�]���}�o�µ�����]�� ���U���>�µ���]�•���v�}�� �'�U�� �W���o�o���P�Œ�]�v�]�� �&�U�����]�� �����Œ�š�}�o�}�� �W�U�� ���š�� ���o�X�~�î�ì�í�ï�•�X�� �/�u�‰�����š�� �}�(�� �š�Z����
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�Z�Ç�‰�}�P�o�Ç�����u�]���U�����v�����‹�µ���o�]�š�Ç���}�(���o�]�(���W�������Œ���v���}�u�]�Ì���������o�]�v�]�����o���š�Œ�]���o���]�v���š�Ç�‰�����í�����]�������š���•�X�����]�������š���•��
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�d���o���u�����]���]�v�������v�������r�,�����o�š�Z�X���í�ð�~�ñ�•�W�ð�î�ò�t�ð�ï�ï�X��

�^�v�}�•�Á���o�o�����X�>�X�U�����Z���o�����Œ�P���'�X�U���������'�µ�Ì�u���v���<�X�Z�X�U���,���Ç���}�v���,�X���D�X�U���d�Z�}�u���•�����X���X�U�������(�(���Œ�Ç���>�X���:�X�U���^�u�]�š�Z��
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