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Executive Summary 

This deliverable contains an overall domain analysis (including legal framework for medical and personal 
data privacy and security), the detailed methodology for use case definition and the results of the user 
survey for scenarios definition, as well as the definition of CARRE use cases. 

 

 

About CARRE 

CARRE is an EU FP7-ICT funded project with the goal to provide innovative means for the management 
of comorbidities (multiple co-occurring medical conditions), especially in the case of chronic cardiac and 
renal disease patients or persons with increased risk of such conditions.  

Sources of medical and other knowledge will be semantically linked with sensor outputs to provide clinical 
information personalised to the individual patient, so as to be able to track the progression and interactions 
of comorbid conditions. Visual analytics will be employed so that patients and clinicians will be able to 
visualise, understand and interact with this linked knowledge and also take advantage of personalised 
empowerment services supported by a dedicated decision support system. 

The ultimate goal is to provide the means for patients with comorbidities to take an active role in care 
processes, including self-care and shared decision-making, and also to support medical professionals in 
understanding and treating comorbidities via an integrative approach.  
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Terms and Definitions 

The following are definitions of terms, abbreviations and acronyms used in this document.  

Term Definition 

ACE – I  Angiotensin converting enzyme inhibitors 

ACR albumin to creatinine ratio 

ACS Acute coronary syndrome 

AER albumin excretion rate,   

AF Atrial fibrillation 

AHF Acute Heart Failure 

AKI Acute kidney injury 

ARBs Angiotensin II receptor blockers 

Biomarker A characteristic that is objectively measured and evaluated as an indicator of normal 
biological processes, pathogenic processes, or pharmacologic responses to a therapeutic 
intervention 

BMI Body mass index 

BNP Brain-type  natriuretic peptide 

BP Blood pressure 

bpm Beats per minute 

BW Body Weight 

CAD Coronary artery disease 

CAN Cardiovascular Autonomic Diabetic Neuropathy 

CHD Coronary heart disease 

CHF Chronic heart failure 

CI Confidence interval 

CKD Chronic kidney disease 

Comorbidity The presence of one or more additional disorders (or diseases) co-occurring with an 
existing primary disease or disorder.  

COPD Chronic obstructive pulmonary disease 

CRP C-reactive protein 

CRS Cardiorenal syndrome 

CVD Cardiovascular disease 

CVP Central venous pressure 

DBP Diastolic Blood Pressure 

DM Diabetes mellitus 

DN Diabetic nephropathy 

DPWP Data Protection Working Party 

ECG electrocardiogram 

EEA European Economic area 
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EF Ejection fraction  

eGFR Estimated glomerular filtration rate 

EHR Electronic health record 

EPO Erythropoetin 

ESRD End stage renal disease 

EU European Union 

FPG Fasting Plasma Glucose 

GFR Glomerular filtration rate 

GPS Global Positioning System 

HbA1c Glycated hemoglobin 

HDL  High density lipoprotein 

HF  Heart failure 

HR Heart rate 

ICT Information and communications technology 

IPDAS International Patient Decision Aid Standard 

LDL Low density lipoprotein 

LV  Left ventricular 

LVEF Left ventricular ejection fraction 

LVH Left ventricular hypertrophy 

NYHA New York Heart Association 

OGTT Oral glucose tolerance test 

PAD Peripheral artery disease  

PAH Pulmonary arterial hypertension 

PAR Population attributable risk 

PP Pulse pressure 

PTH Parathormone 

PWV Pulse wave velocity 

RBC red blood cells count 

Risk factor Any attribute, characteristic or exposure of an individual that increases the likelihood of 
developing a disease or injury 

RQ Research Question  

RR Relative risk 

SBP Systolic blood pressure 

SCD Sudden cardiac death 

SLE Systemic lupus erythematosus 

WBC White blood cells count 

WC Waist circumference 

WHO World Health Organisation 
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1. Introduction 

This document is a report on the project Task 2.1. Domain analysis and use case definition. 

The deliverable contains an overall domain analysis, including medical domain analysis, overview on 
comorbidities’ management, patient`s empowerment, legal issues for medical and personal data privacy and 
security, results of the user survey, as well as the definition of CARRE main scenarios. The goal of the 
deliverable is twofold  

a) To lay the background for further modelling of the cardiorenal domain. This is done mainly in Section 
2. Further modelling will then be conducted as part of T.2.2 and T.2.4.  

b) To lay the background for defining CARRE functional requirements. This is done mainly in Sections 
3-6. User requirements will be drawn as part of T.2.2. 

Section 2 gives an overview of the medical domain. In particular, Section 2.2. presents cardiorenal syndrome 
and its various types, giving an overview of the ones that pertain to CARRE project (i.e. Types 2, 4, and 5). 
Then subsection 2.3 gives a list of different factors and medical conditions related to the cardiorenal 
syndrome. The section starts with an approach of organizing all these factors and conditions into a hierarchy: 
(1) almost healthy status with presence of risk factors, (2) at least one medical condition that may lead to 
cardiorenal disease is diagnosed, (3) either heart of renal disease is diagnosed, (4) cardiorenal syndrome is 
presented, and (5) a number of other resulting/related conditions are present, including end stage renal or 
heart disease. This is followed by a brief presentation of each factor and condition individually, summarizing 
current medical evidence on prevalence and also listing common biomarkers for each factor/condition. 
Based on this evidence, we selected a number of the major risk factors that lead from one condition to 
another in the cardiorenal disease progression. These are presented in the final subsection 2.4. This 
subsection also includes a brief discussion on how to present a risk factor and gives a first approach towards 
the attributes needed to adequately describe it within CARRE project. This discussion is considered as 
required input to the modelling of risk factors (T.2.2), the description of medical evidence sources (T.2.3) and 
the CARRE scheme and ontology (T.2.4). 

Section 3 provides a literature reseach on patient empowerment in comorbidities management. Section 4 
presents a summary of the findings of the survey on perceptions of CARRE users; survey design and 
detailed responses are given in Annexes 1-3. Section 5 summarizes legal issues in terms of data privacy 
and security. Section 6 presents CARRE intended user groups and major use cases. Section 7 holds a 
reference list used for this deliverable.  

2. Medical Domain Analysis 

2.1. Introduction 

Medical domain analysis aims to analyse the medical domain of cardio renal disease. The overview of 
cardiorenal syndrome types, analysis of CRS related medical conditions including co-existing diseases and 
characteristics or exposures of an individual that increases the likelihood of developing a cardiorenal 
syndrome (risk factors) and the indicators of pathogenic processes (biomarkers) leading to development and 
progression of cardiorenal syndrome according to current medical evidence based literature analysis is 
provided here. This information represents the basis of understanding for defining CARRE information model 
and will serve for designing the scheme and ontology during further project activities (output to T2.2, T2.3, 
T.6.2, and T.6.3). 

2.2. Cardiorenal Syndrome Overview 

Chronic heart failure and chronic renal failure are at epidemic proportions, worldwide. These patients have 
significantly altered cardiac, renal and all-cause outcomes [1]. Primary disorders of one of these two organs 
often result in secondary dysfunction or injury to the other [1,2]. Such interactions represent the 



   
  D.2.1: Domain Analysis & Use Cases 

 

 

FP7-ICT-61140  page 13 of 152 

pathophysiological basis for a clinical entity called cardiorenal syndrome (CRS). Although generally defined 
as a condition characterized by the initiation and/or progression of renal insufficiency secondary to heart 
failure [3], the term CRS is also used to describe the negative effects of reduced renal function on the 
cardiovascular system [4].  There is no single definition that appropriately describes CRS. Prof. Claudio 
Ronco of San Bortolo Hospital, Vicenza, Italy defined recently the cardiorenal syndrome as a 
pathophysiologic disorder of the heart and kidneys whereby, acute dysfunction of one organ may induce 
acute or chronic dysfunction of the other [5]. Such interactions represent the pathophysiological basis for a 
clinical entity called cardiorenal syndrome. 

Considering the complex and bi-directional relationship between the heart and the kidneys, a subdivision of 
CRS into 5 different subtypes seems to provide a more concise and logically correct approach. The depth of 
knowledge and complexity of care necessary to offer best therapy to these patients demand a 
multidisciplinary approach, combining the expertise of cardiology, nephrology and critical care [6]. 

2.2.1. CRS classification 

Cardiorenal syndrome Type 1 (acute CRS) reflects an abrupt worsening of cardiac function (acute heart 

failure) leading to acute kidney injury (AKI). Acute kidney injury is commonly defined as an abrupt decline in 
renal function, over the course of hours to weeks, clinically manifesting as a reversible acute increase in 
nitrogen waste products measured by serum creatinine. Glomerular Filtration Rate, (GFR, measured in 
ml/min) which describes the flow rate of filtered fluid through the kidney, is a reliable measure for kidney 
function. A GFR above 90ml/min without proteinuria characterises a normal kidney function.  

The mechanisms by which the onset of acute heart failure (AHF) or acutely decompensated chronic heart 
failure (CHF) leads to AKI are multiple and complex and vary from patient to patient [7]. The epidemiological 
data of CRS Type 1 shows the size of the problem. More than 1 million patients in the USA are admitted to 
the hospital every year with either de novo AHF or acutely decompensated CHF [8]. In these patients, 
chronic renal failure (CRF) is a common occurrence and predisposes them to AKI [9,10]. In CRS Type 1 the 
early diagnosis of AKI remains a challenge, since it is a strong predictor of mortality and hospitalization. 

Cardiorenal syndrome Type 2 (chronic CRS) comprises chronic abnormalities in cardiac function (e.g. 

congestive CHF) causing progressive CKD. Prevalence of renal dysfunction in chronic HF has been reported 
to be approximately 25%, and close to 50% of patients with CHF appear to have CKD, stage 3 (GFR 30-
59ml/min)  or 4 (GFR 15-29ml/min) [11]. Worsening renal function in heart failure is associated with adverse 
outcomes and prolonged hospitalizations and even slight decreases in GFR increase significantly mortality 
risk in these patients [12]. Thus, an effort to preserve renal function seems of most importance in patients 
with CHF. 

Cardiorenal syndrome Type 3 (acute renocardiac syndrome) is characterized by an abrupt and primary 
worsening of renal function (e.g. AKI, ischemia or glomerulonephritis) leading to acute cardiac dysfunction 
(e.g. HF, arrhythmia or myocardial ischemia). Type 3 CRS is less common than type 1, but this may be due 
to the fact that it has not been studied systematically. AKI defined by RIFLE criteria (Risk, Injury, Failure, 
Loss and End-stage kidney disease) [13], appears to affect close to 20% of hospitalized patients [14] and 
35% of patients in intensive care units [15]. AKI can affect the heart through several pathways, whose 
hierarchy is not yet established and is identified as an independent, strong predictor of hospital mortality. 

Cardiorenal syndrome Type 4 (chronic renocardiac syndrome) describes a state of CKD (e.g. chronic 

glomerular disease) contributing to decreased cardiac function, left ventricular hypertrophy (LVH), cardiac 
hypertrophy, diastolic dysfunction and/or increased risk of adverse cardiovascular events. Patients with CKD 
have between a 10 and 20-fold increased risk of cardiac death compared with age-/gender- matched control 
subjects without CKD [16,17]. CKD is considered a greater predictor of cardiovascular disease than diabetes 
mellitus [18]. Furthermore, the risk of cardiovascular death is higher than the risk of reaching end stage renal 
disease (ESRD) in all stages of CKD, making cardiovascular prevention a major issue in nephrology and 
cardiology practice. 

Cardiorenal syndrome Type 5 (secondary CRS) reflects a systemic condition causing both cardiac and 

renal dysfunction. Sepsis, diabetes mellitus, systemic lupus erythematosus are examples of such diseases 
affecting both renal and cardiac function. The systematic information on type 5 CRS is limited, although there 
is an appreciation that as many organs fail in this setting, mortality increases. 

In both chronic and acute situations, an appreciation of the interaction between heart or kidney during 
dysfunction of each or both has practical clinical implications [6]. CRS Type 1 and CRS Type 3 include acute 
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conditions (acute heart failure and acute renal failure) which need an urgent management. These patients 
should be admitted to hospital and treated under the supervision of specialists. CARRE Project concentrates 
on chronic states and outpatient services. Therefore, the further domain analysis does not scrutinise the 
CRS Type 1 and type 3. 

In general, cardiorenal syndrome is a complex condition, with a large number of factors and conditions 
related to it (Figure 1). The following paragraphs of this Section 2.2 provide an overview of current evidence 
on types 2, 4 and 5. The following Section 2.3 then provides an overview of individual conditions related to 
cardiorenal syndrome.   

 

 

Figure 1. Overview of factors and comorbidities related to cardiorenal syndrome. 

 

2.2.2. CardiorenalSyndromeType 2 

CRS Type 2 is characterised by chronic abnormalities in myocardial function leading to worsening kidney 
disease. Chronic abnormalities in systolic or diastolic myocardial performance lead to alterations in 
neurohormone activation, renal hemodynamics, and a variety of adverse cellular processes leading to 
apoptosis and renal fibrosis [19]. 

The prevalence of renal dysfunction in patients with heart failure varies in literature. The prevalence of renal 
dysfunction in chronic heart failure (CHF) is approximately 25% [7]. The majority of epidemiologic information 
of CKD in the HF population stems from large registries such as the Acute Decompensated Heart Failure 
National Registry (ADHERE) [20], Organized Program to Initiate Lifesaving Treatment in Hospitalized 
Patients with Heart Failure (OPTIMIZE-HF) [21], and EuroHeart Failure (EURO HF) [22,23]. Moreover, the 
prevalence of renal dysfunction in patients with heart failure differs according the degree of the renal 
dysfunction [22,24].  

In patients with HF, comorbid CKD can result from intrinsic renal disease, hemodynamic abnormalities, or a 
combination of the two [25]. Special attention should be paid on common risk factors for CKD and HF, such 
as atherosclerosis, renovascular disease, hypertension, and diabetes [20].  

The most common comorbidities in heart failure are hypertension, chronic pulmonary disease, 

arrhythmias, ischemic heart disease, obstructive sleep apnoea, renal impairment, obesity, diabetes mellitus, 
thromboembolism [26,27]. Any of the before mentioned comorbidities may affect prognosis of patients with 
HF in an unfavourable manner [20].  

Available data suggest that in most cases, CHF, renal dysfunction, and anaemia represent a continuum of 
disease progression [28]. The incidence of arrhythmic complications increases as eGFR decreases in HF 
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patients [29]. If kidney dysfunction precedes the onset of AF, the measurement of kidney function may 
represent a relatively inexpensive and efficient way to identify individuals at higher risk for AF [30]. In 
patients with high-risk cardiac disease enrolled in the Multicentre Automatic Defibrillator Implantation Trial-II, 
a significant increase was found in the risk of sudden cardiac death with declining renal function [31]. 
Cardiorenal syndrome is documented as a prognosticator for cerebrovascular disease (e.g. stroke) [32]. 
Pulmonary hypertension is a well-recognized consequence of HF. Also, patients with CKD often have 
pulmonary comorbidities such as sleep apnoea that can lead to the development of pulmonary hypertension 
[33]. 

The presence of kidney dysfunction plays a detrimental role, as it is considered an adverse prognostic 
marker and a strong predictor of poor outcome in patients with HF [24].  

2.2.3. Cardiorenal Syndrome Type 4 

Cardiorenal syndrome (CRS) Type 4, or chronic renocardiac syndrome, describes a state of chronic kidney 
disease (CKD) leading to heart injury, disease and/or dysfunction [5]. This subtype refers to chronic 
abnormalities in renal function leading to cardiac disease and reflects the extreme burden of cardiovascular 
disease (CVD) in patients with CKD such as primary glomerular disease, hereditary nephritis, polycystic 
kidney disease, obstructive nephropathy, and other [34,35]. The observation that even modest reductions in 
renal function correlate with increased CVD morbidity and mortality has led to the recognition that CKD is an 
independent risk factor for CVD [36].  

CRS Type 4 is a growing societal problem as the aging population, with increasing incidence of CKD, 
diabetes, obesity, hypertension, and other cardiovascular risks, lead to higher numbers of individuals 
suffering the complications of this bidirectional disorder. The rising prevalence of CKD and end-stage renal 
disease (ESRD) is a global medical and epidemiological problem [37]. Current estimates of CKD account for 
at least 13%-2% rise in a decade- of the U.S adult population (30 million patients), thus becoming a major 
public health problem. The European Kidney Health Alliance (EKHA) reports that approximately 10% of 
European citizens are affected by some degree of CKD [38]. 

The most common risk factors for CKD include diabetes, hypertension, cardiovascular disease, a family 

history of CKD, and age greater than 60 years [39]. A growing body of evidence shows that declining renal 
function is an independent risk factor for CVD. Patients experiencing even transient renal dysfunction have 
increased long-term risk for CVD [40]. Onset of CKD is associated with an increased predilection for the 
development of CVD-related events [41,42].The association between reduced renal function and 
cardiovascular risk is apparently consistent [43] at estimated glomerular filtration rates <60 ml/min. The risk 
for CVD increases gradually with decreasing renal function [44]. Furthermore, the risk of cardiovascular 
death is higher than the risk of reaching end stage renal disease in all stages of CKD, making cardiovascular 
prevention a major issue in nephrology and cardiology practice [45,46]. Almost half of all deaths in patients 
with CKD are caused by CV events, particularly congestive CHF, acute myocardial infarction and sudden 
cardiac death [47]. With increasing CKD levels, culminating in dialysis dependence, the association between 
CKD and cardiac disease follows a dose-response relationship.   

2.2.4. Cardiorenal Syndrome Type 5 

Cardiorenal syndrome Type 5 (secondary CRS or cardio-renal involvement in systemic conditions) is a 
clinical and pathophysiological entity to describe characterized by the presence of combined cardiac and 
renal dysfunction due to acute or chronic systemic disorders [48,7]. There is a wide spectrum of diseases 
that contribute to CRS Type 5, several pathophysiological mechanisms are invoked representing the 
response of the heart and kidney to the contributing disorder that is ongoing. 

There are limited data on the incidence and determinants of CRS Type 5. In the literature, CRS Type 5 most 
commonly encompasses a wide spectrum of acute and chronic disorders that involve the heart and kidney 
[49]. The sequence of organ involvement can vary depending on the acuity and nature of the underlying 
disorder. The time sequence for developing CRS Type 5 depends on the underlying disease and is 
influenced by the underlying level of cardiac and renal function [49]. 

Acute systemic illnesses that can namely lead to CRS syndrome are sepsis and some more specific 
infectious diseases such as AIDS, malaria, hepatitis C, leptospirosis and infectious endocarditis, 
administration of drugs such as calcium channel blockers and heroin and cocaine intake, cancer and cancer 
chemotherapy, hemorrhagic shock [50]. Diabetes mellitus, amyloidosis, systemic lupus erythematosus, 



   
  D.2.1: Domain Analysis & Use Cases 

 

 

FP7-ICT-61140  page 16 of 152 

rheumatoid arthritis, scleroderma and other connective tissue diseases, vasculitis, anti-phospholipid antibody 
syndrome, microangiopathy, thrombotic thrombocytopenic purpura, haemolytic uremic syndrome, malignant 
hypertension are examples of chronic diseases affecting both renal and cardiac function [23,50]. 

2.3. Conditions and Comorbidities 

Multiple medical conditions are involved in the development and progression of CRS. Cardiac and renal axes 
interfere through risk factors, comorbidities, and complications. The pathogenetic interaction is demonstrated 
in Figure 2. One can distinguish an initial phase where the person is not yet formally diagnosed with a 
disease. Then, there are patients that have either heart or kidney disease. In this stage, there is an 
increased risk of one failing organ to lead to failure of the other, and thus lead to cardiorenal syndrome. 
Finally, patients with either one failing organ or with cardiorenal syndrome have an increased risk for 
entering end stage renal disease (ESRD, where renal function must be substituted with dialysis), and/or end 
stage heart failure, i.e. NYHA-IV [51]. Such patients present also an increased risk for developing a number 
of other complications (as shown in the bottom of the figure).    
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Figure 2. Overview of medical conditions involved in cardiorenal syndrome 

 

The following paragraphs in this section present an overview of each major factor and/or condition related in 
any way with cardiorenal syndrome. For each one, a short description is given followed by current evidence 
on prevalence and its associations to other related conditions.  

An important part for each condition is its quantitative characterization. This is achieved via the 
measurement of certain characteristic which may be used as an indicator of this medical condition - what is 
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called a biomarker. Thus, the short description of each factor/condition includes also a description of major 
related biomarkers. In CARRE we focus on biomarkers that can be easily measured at home, and involve 
practical and cost effective equipment, while they adequately reflect the patient’s lifestyle and are of clinical 
importance. Some biomarkers (derived from laboratorical analysis) which cannot be easily measured at 
home could be obtained from patients` medical history. Thus conditions relevant to CARRE and their 
biomarkers are collectively listed in Table 1. 

 

Table 1. Conditions related to cardiorenal syndrome and their biomarkers. 

Group Factors/ comorbidities Biomarkers 

Genetic Age 

Race 

Sex 

Family history 

Years from birth 

Free text 

Female/male 

Free text 

Lifestyle Physical activity self-report, pedometers, heart rate monitors, 
accelerometers, indirect calorimetry, doubly-
labeled water 

Smoking Cessation, pack-year, exhaled carbon monoxide, 
nicotine and cotinine levels 

Diet Daily calorie intake, dairy products, salt, etc. 

Metabolic Dyslipidemia Lipid profile 

Hyperuricemia/gout Serum and urine uric acid 

Obesity bodyweight, BMI, waist circumference, body fat 
mass 

Diabetes Blood glucose (fasting and 2-hours post oral 
glucose tolerance test), HbA1c  

Cardiac Hypertension systolic/diastolic blood pressure  

CHF fluid balance, ejection fraction, BNP 

Arrhytmias heart rate, ECG 

Endothelium dysfunction ancle-brachial index, arterial stifness 

Left ventricular hypertrophy Myocardial mass, ECG 

Coronary heart disease lipid profile, blood pressure, markers of 
endothelial dysfunction, inflammatory serum 
markers, LVH/LV dysfunction 

Renal CKD creatine, GFR, ACR 

Anemia hemoglobin 

Mineral and bone disorder corrected calcium, phosphate, parathormone, 
vitamin D 

Chronic diseases Sleep apnoea Sleep efficiency (), fall asleep (min), hrs. slept 

COPD Oximetry, spirometry 

Rheumatic diseases CRP 

Autonomic dysfunction HR variability, Ewing testing 

Atherosclerosis lipid profile, blood pressure, markers of 
endothelial dysfunction, inflammatory serum 
markers 

Anaemia Haemoglobin, haematocrit, ferritin, transferrin 
saturation 

Drugs Nephrotoxic, Cardiotoxic 

ACEi/ARB, Loop diuretics 
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2.3.1. Gender, age, race, family history 

Certain age, gender, race and family history are well established risk factors for many medical conditions, as 
well as CRS, and must be taken into account. For example, male gender is a risk factor for CHD. It is known 
that the incidence of AMI is nearly 2.5 times more frequent in male than in female, but with the increased age 
female patients would be affected by an increased risk of CVD because of menopause and/or comorbidity 
[52,53,54]. The increase in CVD risk in patients with diabetes is greater in women than in men [55]. Diabetes 
and a low high-density lipoprotein (HDL)-cholesterol/total cholesterol ratio operate with greater power in 
women. Men are at higher risk of developing ESRD, and tend to develop ESRD earlier in life, than women 
[56]. 

Systolic blood pressure and isolated systolic hypertension are major CHD risk factors at all ages and in both 
genders. Women are about as likely as men to develop high blood pressure during their lifetimes. However, 
for people younger than 45 years old, the condition affects more men than women. For people 65 years and 
older, high blood pressure affects more women than men [57]. Although the incidence of hypertensive 
complications is generally lower in women than in men. Among older adults, hypertension in women 
(compared to men) is both a stronger predictor of coronary risk and is more commonly seen in those with 
CHD. The Framingham [58] study found that the relative importance of systolic, diastolic, and pulse pressure 
(the difference between the systolic and diastolic blood pressures) changes with age. In patients <50 years 
of age, diastolic blood pressure was the strongest predictor of CHD risk; in those 50 to 59 years of age, all 
three blood pressure indices were comparable predictors of CHD risk, whi le in those ≥60 years of age, pulse 
pressure was the strongest predictor. 

Some risk factors, such as dyslipidaemia, impaired glucose tolerance, and elevated fibrinogen have a 
diminished impact with advancing age, but a lower relative risk is offset by the high absolute risk in older 
adults. Thus, all of the major risk factors continue to be relevant in older persons. A study in the USA [59] on 
3.6 million people from 2003 to 2008 showed that the prevalence of any vascular disease increased 
significantly with each decade of life: 2 percent in 40 to 50 year olds; 3.5 percent in 51 to 60 year olds; 7.1 
percent in 61 to 70 year olds; 13 percent in 71 to 80 year olds; 22.3 percent in 81 to 90 year olds; 32.5 
percent in 91 to 100 year olds. After adjusting for traditional risk factors, each additional decade of life was 
associated with an approximate doubling of the risk of vascular disease. 

Black population develop high blood pressure more often, and at an earlier age, than whites and Hispanics 
do. More black women than men have high blood pressure [57]. Blacks have a considerably higher risk of 
ESRD partially due to hypertension and diabetes. This increased risk peaks during early adulthood and 
cannot be fully accounted for by racial differences in the underlying prevalence of hypertension [60]. A study 
by Kiberd and Clase [61] estimated the cumulative risk of ESRD among different gender- race groups. They 
found that the lifetime of ESRD for a 20-yr-old black woman was 7.8%; for black males, 7.3%; for white 
women, 1.8%; and for white males, 2.5% [60]. 

The importance of family history has been shown in several large cohort studies (Physician's Health Study, 
Women's Health Study, Reykjavik Cohort Study [62]

,
 Framingham Offspring Study, INTERHEART Study 

[63], Cooper Centre Longitudinal Study [64], Danish national population database) that collectively followed 
over 163,000 patients, and all showed that a positive family history is associated with greater risk of 
developing CHD. The risk of developing CHD in the presence of a positive family history has ranged from 15 
to 100% in various cohorts, with most cohorts showing a 40 to 60% increase. Family history is a significant 
independent risk factor for CHD, particularly among younger individuals with a family history of premature 
disease. 

2.3.2. Smoking 

Smoking is the inhalation of the smoke of burning tobacco encased in cigarettes, pipes, and cigars. A 
smoking habit is a physical addiction to tobacco products. Even low-level exposure to second-hand tobacco 
smoke has a clinically significant effect on cardiovascular disease risk [65]. Major chronic disorders 
associated with smoking include cardiovascular diseases, several types of cancer, and chronic obstructive 
pulmonary disease (lung problems). Cigarette smoking generates a cumulative oxidative stress, which may 
contribute to the pathogenesis of chronic diseases [66]. Tobacco kills a third to half of all people who use it, 
on average 15 years prematurely. Today, tobacco use causes 1 in 10 deaths among adults worldwide – 
more than five million people a year [67]. 

Globally, the weighted average adult prevalence rates estimated for the year 2010 showed that 36% of 
males and 7% of females were current smokers. For daily smoking, average prevalence rates among males 
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varied from 12% in the African Region to 42% in the Western Pacific Region. Rates among females varied 
from 2% in the African, South-East Asia and Eastern Mediterranean Regions to 16% in the European Region 
[68]. Although tobacco deaths rarely make headlines, tobacco kills one person every six seconds. Tobacco 
kills a third to half of all people who use it, on average 15 years prematurely. Today, tobacco use causes 1 in 
10 deaths among adults worldwide – more than five million people a year [67]. 

Biomarkers. The pack-year is a measure of cumulative smoke exposure calculated as the mean number of 

cigarettes smoked daily multiplied by the numbers of years exposed to smoking. The best validated method 
for assessing human exposure is to ask subjects about their tobacco smoking history. Lifetime exposures 
can be estimated by calculating pack-years smoked (average packs smoked per day over a lifetime 
multiplied by number of years smoked) or cumulative tar exposure [69]. 

Biomarkers of exposure include any assay from a body fluid (including exhaled air) or tissue that measures a 
constituent or constituent metabolite of tobacco smoke. Exhaled carbon monoxide (CO), nicotine and 
cotinine levels are among the most useful biomarkers of exposure [70]. 

2.3.3. Physical activity 

Physical activity is defined as any bodily movement produced by skeletal muscles that results in energy 
expenditure. The energy expenditure can be measured in kilocalories. Physical activity in daily life can be 
categorized into occupational, sports, conditioning, household, or other activities [71]. 

Physical inactivity (lack of physical activity) has been identified as the fourth leading risk factor for global 
mortality (6% of deaths globally) [72]. The evidence base for protective effects of activity for women, older 
adults and for special populations has strengthened. Important new controlled-trial evidence has 
accumulated in the area of type 2 diabetes: moderate physical activity combined with weight loss, and a 
balanced diet can confer a 50–60% reduction in risk of developing diabetes among those already at high risk 
[73]. 

Biomarkers. Methods of assessing physical activity and related energy expenditure include self-report, 

pedometers, heart rate monitors, and accelerometers, as well as by more sophisticated and valid techniques 
such as indirect calorimetry and doubly-labeled water [74]. 

2.3.4. Heart failure 

Heart failure (HF), often called congestive heart failure (CHF), occurs when the heart is unable to provide 
sufficient pump action to maintain blood flow to meet the needs of the body [75]. Common causes of heart 
failure include myocardial infarction and other forms of coronary artery disease, hypertension, valvular heart 
disease, and cardiomyopathy [76]. Clinically, HF is defined by its typical symptoms (e.g. breathlessness, 
ankle swelling, and fatigue) and signs (e.g. elevated jugular venous pressure, pulmonary crackles, and 
displaced apex beat) [77]. The severity of heart failure is usually classified according to the New York Heart 
Association (NYHA) Functional Classification [51]. It places patients in one of four categories based on how 
much they are limited during physical activity (Table 2). 

 

Table 2. NYHA Classification 

Class Symptoms 

I Cardiac disease, but no symptoms and no limitation in ordinary physical activity, e.g. shortness 
of breath when walking, climbing stairs etc. 

II Mild symptoms (mild shortness of breath and/or angina) and slight limitation during ordinary 
activity. 

III Marked limitation in activity due to symptoms, even during less-than-ordinary activity, e.g. 
walking short distances (20–100 m). 
Comfortable only at rest. 

IV Severe limitations. Experiences symptoms even while at rest. Mostly bedbound patients. 
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Approximately 1–2% of the adult population in developed countries has HF, with the prevalence rising to 
≥10% among persons 70 years of age or older.

 
It is known that there are currently 6.5 million CHF patients in 

Europe [78]. Both the incidence and prevalence of heart failure increase steeply with age. The prevalence of 
heart failure is expected to rise in future as a result of an ageing population, improved survival of people with 
ischemic heart disease and more effective treatments for heart failure [79]. 

Biomarkers. 

1) Fluid balance: Fluid overload represents a common feature and clinical condition in heart failure. Fluid 
overload or congestive state signs are peripheral edema, increased body weight, pulmonary edema, and 
elevated central venous pressure with or without a significant level of hyponatremia [80]. Bioimpedence 
vector analysis is effective at assessing hydration [81]. Bioimpedance spectroscopy by contrast offers 
the possibility to determine intra- and extracellular volume independently. This is especially important to 
calculate the body composition irrespectively of the fluid overload [82]. 

2) Brain-type natriuretic peptide (BNP): BNP is a 32-amino acid peptide that is synthesized within the 
heart ventricles and released predominantly from ventricular myocardium in response to myocyte 
stretch. 

3) Ejection fraction (EF): The ejection fraction (EF) is an important measurement in determining how well 

the heart is pumping out blood and in diagnosing and tracking heart failure.  
EF is usually measured by echocardiograhy. A significant proportion of patients with heart failure happen 
to have a normal ventricular ejection fraction at echocardiography during examination. Previously called 
diastolic heart failure, it is nowadays referred to as heart failure with normal ejection fraction or HF with 
preserved ejection fraction [83]. A normal heart's ejection fraction may be between 55 and 70%. The 
more severe the systolic dysfunction, the more the EF is reduced from normal [84]. 

2.3.5. Coronary heart disease (CHD) 

Coronary heart disease (CHD) or coronary artery disease (CAD) or ischemic heart disease (IHD) develops 
as a consequence of decreased blood flow to the myocardium due to coronary atherosclerosis [85]. The risk 
factors for CHD is hypertension, dyslipidemia, diabetes, obesity, smoking, age, gender, family history, 
psychosocial factors, reduced physical activity, unhealthy diet. Coronary heart disease is the cause of 
approximately two-thirds of cases of systolic HF [86].  

There are marked variations in the epidemic of CAD among regions of the world, nations, and even between 
regions within a country. The age-standardized death rates from CAD are declining in many developed 
countries, but are increasing in developing and transitional countries, partly as a result of demographic 
changes, urbanization, and lifestyle changes. Nowadays about 3.8 million men and 3.4 million women 
worldwide die each year from CAD [87]. The number of people living with coronary heart disease (CHD) 
increases with age and is higher in men than in women. The American Heart Association estimates that 16.8 
million American adults have ischemic heart disease, 7.9 million individuals have myocardial infarction and 
9.8 million persons have angina [88]. The estimated annual incidence of heart attack (myocardial infarction) 
is 610.000 new attacks and 325.000 recurrent attacks annually. 

Biomarkers for CHD are considered lipid profile, blood pressure, markers of endothelial dysfunction, 

inflammatory serum markers, presence of metabolic syndrome, LVH/LV dysfunction. 

2.3.6. Hypertension 

Blood pressure is a measurement of the force against the walls of the arteries as the heart pumps blood 
through your body. Hypertension is another term used to describe high blood pressure. 

The continuous relationship between BP and CV and renal events makes the distinction between 
normotension and hypertension difficult when based on cut-off BP values. In practice, however, cut-off BP 
values are universally used, both to simplify the diagnostic approach and to facilitate the decision about 
treatment. Hypertension is defined as a systolic blood pressure (SBP) of 140 mm Hg or more, or a diastolic 
blood pressure (DBP) of 90 mm Hg or more, or taking antihypertensive medication [89,90]. 

More than a quarter of the world's adult population - totalling nearly one billion - had hypertension in 2000, 
and that this proportion will increase to 29% - 1.56 billion - by 2025. Men and women have similar overall 
prevalence of hypertension, and that such prevalences increase with age consistently in all world regions. 
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Although hypertension is more common in economically developed countries (37.3%) than in economically 
developing ones (22.9%), the much larger population of developing countries results in a considerably larger 
absolute number of individuals affected [91]. 

Hypertension increases the risk of HF at all ages. Data from the Framingham Heart Study [92] found that, 
after age 40, the lifetime risk of developing HF was twice as high in subjects with a blood pressure ≥160/100 
mmHg compared to <140/90 mmHg. In another study [93] among new-onset hypertensives, the most 
common first major cardiovascular events were hard coronary disease (8.2%) in men and stroke (5.2%) in 
women. Type and incidence of first cardiovascular events varied by age and severity of hypertension at 
onset, with stroke predominating among older subjects with new-onset hypertension. In addition to coronary 
heart diseases and stroke, complications of raised blood pressure include heart failure, peripheral vascular 
disease, renal impairment, retinal hemorrhage and visual impairment. 

Hypertension is the second leading cause of CKD (second only to diabetes) and is present in up to 80% of 
individuals with moderate-to-end-stage kidney disease [94]. The prevalence of hypertension is 84% in 
patients with stage 4–5 CKD, compared with 23% of adults without CKD [95]. Untreated or inadequately 
controlled hypertension is considered one of the most important risk factors for CKD progression. Among 
patients with CKD, the presence of hypertension increases the risk of new or recurrent cardiovascular events 
[86].

 
It is also known that

 
hypertension increase the risk of long-term vascular complications of type 2 

diabetes mellitus, including stroke, chronic kidney disease, heart disease, peripheral vascular disease, and 
death. 

Biomarkers. According to the evidence-based guidelines for the management of high blood pressure in 

adults of the Seventh Joint National Committee (JNC 7) a person is considered as hypertensive if has a 
systolic pressure ≥140 mmHg and/or a diastolic pressure ≥90 mmHg. JNC 7 has also introduced a new 
classification that includes the term “prehypertension” for those with BPs ranging from 120–139 mmHg 
systolic and/or 80–89 mmHg diastolic [96]. This new designation, which was kept in the last published 
guidelines (JNC 8) is intended to identify those individuals in whom early intervention by adoption of healthy 
lifestyles could reduce BP, decrease the rate of progression of BP to hypertensive levels with age, or prevent 
hypertension entirely (Table 3) [97]. 

 

Table 3. Blood Pressure Classification according to JNC-7 and JNC-8 

BLOOD PRESSURE CLASSIFICATION SBP (mmHg) DBP (mmHg) 

NORMAL <120 and <80  

PREHYPERTENSION 120-139 or 80-89 

STAGE 1 HYPERTENSION 140-159 or 90-99 

STAGE 2 HYPERTENSION ≥160 or ≥100  

SPB, systolic blood pressure;  DPB, diastolic blood pressure 

 

2.3.7. Arrhythmia, tachycardia, sudden cardiac death 

Atrial fibrillation (AF) is the most predominant cardiac arrhythmia in elderly persons and a potent risk factor 
for stroke [98]. When atrial fibrillation and other arrhythmias occur, the electrical activity of the heart is 
disorganized, causing an irregular heartbeat. 

The prevalence of AF increases with age and is accompanied by a number of comorbidities, considering that 
this arrythmia may frequently correlate with or result from a number of other medical conditions [99]. 
Estimates of the prevalence of AF in the United States ranged from ≈2.7 million to 6.1 million in 2010, and 
AF prevalence is expected to rise to between ≈5.6 and 12 million in 2050. The incidence of atrial fibrillation 
increases with age [100]. 
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AF is a frequent cardiac arrhythmia and confers a 2- to 3-fold increased risk of ischemic stroke and mortality. 
In the Framingham study [101] at a mean follow-up of 14 years, 526 patients (10 percent) developed AF. AF 
is the most common cardiac rhythm disturbance in CKD patients; prevalence among dialysis patients is 15–
20%, and it is associated with increased incidence of stroke. Renal disease and AF share several risk 
factors, including hypertension, diabetes mellitus, and coronary artery disease [102]. Obese participants 
(BMI ≥30) were significantly more likely to develop AF than those with a normal BMI (<25, adjusted HR 1.52 
for men and 1.46 for women).  

Tachycardia – is a heart rate of more than 100 beats per minute (BPM) in adults. Heart rate has been shown 
to be an independent risk factor for CVD in the general population. Two large observational studies have 
demonstrated increased risk of cardiac events in individuals whose resting heart rate increased over time 
[103,104]. More recently, in patients with resting heart rates ≥70bpm and reduced left ventricular function 
(either coronary artery disease or heart failure), trials of pure heart rate reduction have shown benefit. There 
is not enough evidence, at present, to recommend a target heart rate [86]. 

Arrhythmic mortality is higher among patients with renal impairment. Renal dysfunction is associated with 
increased rates of sudden cardiac death (SCD) [105]. In patients with high-risk cardiac disease enrolled in 
the Multicenter Automatic Defibrillator Implantation Trial-II [31], a significant increase was found in the risk of 
SCD with declining renal function (17% increase in SCD for each 10-unit reduction in eGFR in patients  with 
ischemic LV dysfunction).  In the COMPANION study [106], among patients with ischemic LV dysfunction 
and LV dyssynchrony, renal dysfunction was associated with a 69 % increased risk for SCD. 

Biomarkers.  

1) Heart rate (HR). Atrial fibrillation (AF) is characterized by an irregular and often rapid heartbeat.  

2) Specific ECG features. For example, in AF sinus P wave is absent. [107,108]. 

2.3.8. Left ventricular hypertrophy 

The clinical importance of left ventricular mass relates to identification of pathological left ventricular 
hypertrophy (LVH). If the left ventricle has to work too hard, its muscle hypertrophies (enlarges) and 
becomes thick. Because of the increased thickness, blood supply to the muscle itself may become 
inadequate. LVH most commonly results from the hypertension and aortic stenosis. Whether due to 
hypertension, coronary disease, valve disease or diabetes, LV hypertrophy is a prominent feature of evolving 
HF.  

Data on the prevalence of LVH differs. LVH is present in 15 to 20% of the general population, is more 
prevalent in blacks, the elderly, the obese, and in those with hypertension [109]. The prevalence of LVH 
varies from 16 to 31% in individuals with GFR >30 ml/min, increasing to 60–75% prior to starting renal 
replacement therapy, and up to 90% of patients after the initiation of dialysis [110].

 

Biomarkers. Among patients with HF in the general population, antecedent evidence of LV hypertrophy is 

present in approximately 20% by electrocardiogram (ECG) and 60-70% by echocardiogram. Each method of 
demonstrating LV hypertrophy (ECG, chest film, or echocardiogram) independently predicts HF. 

2.3.9. Chronic kidney disease (CKD) 

CKD is defined as abnormalities of kidney structure or function, present for >3 months, with implications for 
health and CKD is classified based on cause, GFR category, and albuminuria category. See CKD 
classification in Table 4[111]. 

The World Health Organization estimates that there were approximately 58 million deaths worldwide in 2005, 
with 35 million attributed to chronic disease [112]. The incidence of patients with end stage renal disease 
who need dialysis or transplantation has more than doubled in Europe and the United States during the past 
two decades [113]. More than 50% of deaths in CKD stage 5 cohorts are attributed to cardiovascular 
disease. Patients with CKD have between a 10- and 20-fold increased risk of cardiac death compared with 
age-/gender-matched control subjects without CKD [4]. 
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Table 4. CKD classification 

eGFR category GFR (ml/min/1.73 m
2
) 

G1 ≥90 

G2 60–89 

G3a 45–59 

G3b 30–44 

G4 15–29 

G5 <15 

Albuminuria category AER mg/24hours ACR mg/mmol ACR mg/g 

A1 <30 <3 <30 

A2 30-300 3-30 30-300 

A3 >300 >30 >300 

eGFR - estimated glomerular filtration rate, AER - albumin excretion rate, ACR - albumin to creatinine ratio 

 

Biomarkers.  

1) Albuminuria. Use of urinary albumin measurement as the preferred test for proteinuria detection will 
improve the sensitivity, quality, and consistency of approach to the early detection and management of 
kidney disease [114]. Albumin concentration should be reported as a ratio to urinary creatinine 
concentration (mg/mmol or mg/g). 

2) Urinary sediment abnormalities as markers of kidney damage. 

3) Creatinine and glomerular filtration rate. For most clinical circumstances, estimating GFR from serum 

creatinine is appropriate for diagnosis, staging, and tracking the progression of CKD [111]. Recent 
studies suggest that the serum level of cystatin C may be a better predictor of outcomes of 
cardiovascular disease than GFR estimates based on levels of serum creatinine. It is not known whether 
the prediction is improved because cystatin C is a better marker of GFR than levels of serum creatinine 
or because factors apart from GFR that affect the level of cystatin C or creatinine also are related to the 
risk of cardiovascular disease [115]. 

Criteria for CKD are listed in Table 5 [111]. 

 

Table 5.Criteria for CKD (either of the following present for >3 months) 

Markers of kidney 
damage (one or 
more) 

Albuminuria (AER ≥30 mg/24 hours; ACR ≥30 mg/g [≥3 mg/mmol]) 

Urine sediment abnormalities 

Electrolyte and other abnormalities due to tubular disorders 

Abnormalities detected by histology 

Structural abnormalities detected by imaging 

History of kidney transplantation 

Decreased GFR GFR <60 ml/min/1.73 m2 (GFR categories G3a–G5) 

eGFR - estimated glomerular filtration rate, AER - albumin excretion rate, ACR - albumin to creatinine ratio 
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2.3.10. Electrolyte disorders: Hyperkalemia 

Hyperkalemia is common in patients with CKD and its’ frequency and severity increases with the progression 
of CKD [116]. Furthermore, hypekalemia can develop as a result of high dietary potassium intake, acidosis, 
hyperglycemia in diabetic patients, and use of certain medications such as ACEIs, ARBs, aldosterone 
antagonists or nonsteroidal anti-inflammatory medications. The incidence of hyperkalemia is low in patients 
with stage 3 CKD. However, approximately one-fourth of patients with stage 5 CKD experience a life-
threatening episode of hyperkalemia that requires emergency treatment [117].  

2.3.11. Acid-base disorders 

In end-stage heart failure, various acid-base disorders can be discovered due to the renal loss of hydrogen 
ions and hydrogen ion movements into cells, the reduction of the effective circulating volume, hypoxemia 
and renal failure. This justifies the occurrence of metabolic alkalosis, metabolic acidosis, respiratory 
alkalosis, as well as respiratory acidosis alone or in combination [118]. In heart failure, the presence of acid-
base imbalance associated with the activation of mechanisms that lead to salt and water retention reveals 
evidence concerning the pivotal role of the kidney in determining the outcome of these patients. 

2.3.12. Anaemia 

The World Health Organization defines anaemia as a haemoglobin concentration less 13 g/dL in men and 
12g/dL in women. Available data suggest that in most cases, CHF, renal dysfunction, and anaemia represent 
a continuum of disease progression [28]. 

Anaemia is common in patients with HF, especially those with advanced stages of cardiac insufficiency, with 
a prevalence ranging between 4% and 55% [119]. Anaemia present in over one-third of CRS patients or the 
cardiorenal anaemiasyndrome can be found in one-fifth of the patients, most of whom had normocytic 
normochromic anaemia [27]. It is more frequent in women (a recent study of anaemia in ambulatory patients 
with CHF [120] reported a 64% male predominance), the elderly, and in patients with renal impairment. 
Anaemia in HF is associated with more symptoms, worse functional status, greater risk of HF hospitalization, 
and reduced survival. Anemia is a major cause of LVH and LV dilatation in ESRD [121].  

Biomarkers. Haemoglobin concentration (g/dL). 

2.3.13. Mineral and bone disorder 

As kidney function declines, there is a progressive deterioration in mineral homeostasis, with a disruption of 
normal serum and tissue concentrations of phosphorus and calcium, and changes in circulating levels of 
hormones. These changes are considered as a systemic disorder of mineral and bone metabolism due to 
CKD manifested by either one or a combination of the following: 

‒ abnormalities of calcium, phosphorus, PTH, or vitamin D metabolism 

‒ abnormalities in bone turnover, mineralization, volume, linear growth, or strength 

‒ vascular or other soft-tissue calcification [122]. 

Importantly, there is increasing evidence suggesting that disorders in mineral and bone metabolism are 
associated with increased risk for cardiovascular calcification, morbidity, and mortality [123]. 

Hyperphosphatemia is a major risk factor for cardiovascular disease, abnormalities of mineral metabolism 
and bone disease, and the progression of renal insufficiency in patients with chronic renal disease. Clinical 
hyperphosphatemia occurs when these phosphaturic mechanisms cannot counterbalance nephron loss. 
Hyperphosphatemia is associated with calcific uremic arteriolopathy and uremic cardiomyopathy, which may 
explain, in part, the epidemiologic connections between phosphate excess and cardiovascular disease 
[124,125]. 

In patients with chronic kidney disease there is strong association between low levels of vitamin D and 
cardiovascular morbidity and mortality. Vitamin D levels decrease as a result of renal progressive 
impairment. Progressive loss of kidney function observed in patients with CRS (mostly types 2 and 4) leads 
to reduced production of calcitriol (active vitamin D) and an imbalance in calcium and phosphorus levels, 
which are correlated with increased rates of cardiovascular events and mortality. In addition, hypocalcemia 
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can lead to prolonged and excessive secretion of parathyroid hormone (PTH), eventually leading to 
development of secondary hyperparathyroidism. These alterations entail both cardiac and renal involvement, 
resulting in cardio-renal syndrome [126,127]. 

Biomarkers. Serum ionized calcium, phosphate, PTH, vitamin D. Presently, most databases are already 

using the corrected calcium formula. 

2.3.14. Dyslipidaemia 

Dyslipidemia is the elevation of plasma cholesterol, triglycerides (TGs), or both, or a low high-density 
lipoprotein (HDL) level that contributes to the development of atherosclerosis. 

Causes may be primary (genetic) or secondary. Secondary causes contribute to many cases of dyslipidemia 
in adults. The most important secondary cause in developed countries is a sedentary lifestyle with excessive 
dietary intake of saturated fat, cholesterol, and trans fats. Other common secondary causes include diabetes 
mellitus, alcohol overuse, chronic kidney disease, hypothyroidism, primary biliary cirrhosis and other 
cholestatic liver diseases, and drugs, such as thiazides, β-blockers, retinoids, highly active antiretroviral 
agents, cyclosporine, estrogen and glucocorticoids. Secondary causes of low levels of HDL cholesterol 
include cigarette smoking, anabolic steroids, HIV infection, and nephrotic syndrome [128]. 

In the Multi-Ethnic Study of Atherosclerosis (MESA) - a multicenter cohort study of 6814 persons aged 45 to 
84 yrs - 29.3% of the participants had dyslipidemia, among whom lipid-lowering drug therapy was reported 
by 54.0%[129]. According to the National Health and Nutrition Examination Survey (NHANES 2003-2006) 
data an estimated 53% of U.S. adults have lipid abnormalities: 27% have high low-density lipoproteins 23% 
have low HDL, and 30% have high TG [130]. 

Biomarkers. Lipid profile: total cholesterol, triglyceridess, and HDL cholesterol, low-density lipoproteins 
(LDP). Lipoprotein (a) is a cholesterol-rich lipoprotein with structural similarities to LDL and is considered as 
a causal genetic risk factor for cardiovascular disease [131]. 

2.3.15. Hyperuricaemia, Gout 

Hyperuricaemia is defined as a level of uric acid in the blood that is abnormally high. In humans, uric acid is 
the end product of purine metabolism due to the non-functioning uricase gene leading to elevated serum uric 
acid levels [132]. Hyperuricemia predisposes patients to both gout and nephrolithiasis. 

Gout is a condition characterized by the deposition of monosodium urate crystals in the joints or soft tissue. 
The four phases of gout include asymptomatic hyperuricemia, acute gouty arthritis, intercritical gout and 
chronic tophaceous gout [133].  

The prevalence rate of asymptomatic hyperuricemia in the general population is estimated at 2-13% [134]. 
Gouty arthritis is the most common form of inflammatory joint disease in men older than 40 years. The 
National Health Survey (1983 to 1985) determined the prevalence rate of self-reported gout to be 13.6 cases 
per 1.000 men and 6.4 cases per 1.000 women [135]. Hyperuricaemia is common in people with CKD. 
Observational data had implicated that an increased uric acid in the progression of CKD is related with the 
adverse outcomes in people with CKD [136]. 

Biomarkers. Serum uric acid levels, 24 hour urinary uric acid and joint aspiration (the latter may be 
important in the diagnosis of acute gouty arthritis, in which uric acid crystals are found to be negatively 
birefringent under polarized microscopy). 

2.3.16. Obesity 

According to WHO overweight and obesity are defined as abnormal or excessive fat accumulation that 
presents a risk to health [137]. 

Worldwide, at least 2.8 million people die each year as a result of being overweight or obese. In 2008, 35% 
of adults aged 20+ were overweight (BMI ≥ 25 kg/m2) (34% men and 35% of women). The prevalence of 
overweight and obesity were highest in the WHO Regions of the Americas (62% for overweight in both 
sexes, and 26% for obesity) and lowest in the WHO Region for South East Asia (14% overweight in both 
sexes and 3% for obesity). In the WHO Region for Europe and the WHO Region for the Eastern 
Mediterranean and the WHO Region for the Americas over 50% of women were overweight. For all three of 
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these regions, roughly half of overweight women are obese (23% in Europe, 24% in the Eastern 
Mediterranean, 29% in the Americas). In all WHO regions women were more likely to be obese than men 
[138].  

Obesity is associated with numerous comorbidities such as CVD, type 2 diabetes, hypertension, certain 
cancers, and sleep apnoea [139]. Increasing body mass index (BMI kg/m

2
), even within the normal range of 

BMI (from 21 to 24.9), is associated with an increased risk of type 2 diabetes, hypertension, coronary heart 
disease, and cholelithiasis [140]. A high waist circumference (WC) is associated with an increased risk for 
type 2 diabetes, dyslipidaemia, hypertension, and CVD in patients with a BMI in a range between 25 and 
34.9 kg/m

2 
[141]. 

Biomarkers. Obesity is defined by body mass index (BMI) and further evaluated in terms of fat distribution 

via the waist–hip ratio or waist circumference (WC) and total cardiovascular risk factors. BMI is closely 
related to both percentage body fat and total body fat. 

1) Body Mass Index (BMI): BMI is a useful and widely accepted measure of overweight and obesity. It is 
defined as the individual's body mass divided by the square of their height – with the value universally 
being given in units of kg/m

2
. 

 

    
         

[          ] 
 

 

The WHO regards a BMI of less than 18.5 as underweight while a BMI greater than 25 is considered 
overweight and above 30 is considered obese (Table 6):  

 

Table 6. BMI Chart 

BMI less than 18.5 Underweight 

BMI 18.5 – 24.9 Healthy weight 

BMI 25.0 – 29.9 Overweight 

BMI 30 or more Obese 

 

 

2) Waist circumference (WC): It is measured placing a tape measure around the middle, just above the 

hipbones. The risk goes up with a waist size that is greater than 88cm for women or greater than 102cm 
for men. 

3) Fat mass (Body composition): Some authorities advocate a definition of obesity based on percentage 
of body fat, as follows: 

Men: Percentage of body fat greater than 25%, with 21-25% being borderline 

Women: Percentage of body fat great than 33%, with 31-33% being borderline 

Estimation of body fat percentage from underwater weighing (or hydrostatic weighing) has long been 
considered to be the best method available, especially in consideration of the cost and simplicity of the 
equipment. There exist various anthropometric methods for estimating body fat like thicknesses of skinfolds. 
Advanced studies for body composition assessment include dual-energy X-ray absorptiometry (DEXA), 
underwater (hydrostatic) weighing, air displacement plethysmography (ADP), and bioelectrical impedance 
analysis (BIA) [142,143].  

2.3.17. Metabolic syndrome 

A cluster of risk factors for cardiovascular disease and type 2 diabetes mellitus, which occur together more 
often than by chance alone, have become known as the metabolic syndrome. The risk factors include raised 
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blood pressure, dyslipidemia (raised triglycerides and lowered high-density lipoprotein cholesterol), raised 
fasting glucose, and central obesity [144]. The multiplicity of prevalence data suggest that the metabolic 
syndrome is common worldwide, especially among older people and in certain ethnic populations [145]. 

 

It is a risk factor for coronary heart disease, as well as for diabetes,fatty liver, microalbuminuria, CKD, stroke 
and several cancers. 

 

Table 7. Criteria for Clinical Diagnosis of the Metabolic Syndrome 

Measure Categorical Cut Points 

Elevated waist circumference Population- and country- specific definitions 

Elevated triglycerides (drug treatment for elevated 
triglycerides is an alternate indicator†)  

≥150 mg/dL (1.7 mmol/L) 

Reduced HDL cholesterol (drug treatment for reduced 
HDL cholesterol is an alternate indicator) 

<40 mg/dL (1.0 mmol/L) in males; <50 mg/dL 
(1.3 mmol/L) in females 

Elevated blood pressure (antihypertensive drug 
treatment in a patient with a history of hypertension is an 
alternate indicator) 

Systolic ≥130 and/or diastolic ≥85 mm Hg 

Elevated fasting glucose (drug treatment of elevated 
glucose is an alternate indicator)  

≥100 mg/dL 

 

The criteria according to a Joint Interim Statement are present on Table 7. The presence of any 3 of 5 risk 
factors constitutes a diagnosis of metabolic syndrome [116]. 

 

Biomarkers. Waist circumference, triglycerides, HDL cholesterol, blood pressure and fasting glucose. 

2.3.18. Diabetes mellitus 

Diabetes mellitus is a group of metabolic diseases characterized by hyperglycemia resulting from defects in 
insulin secretion, insulin action, or both. The chronic hyperglycemia of diabetes is associated with long-term 
damage, dysfunction, and failure of various organs, especially the eyes, kidneys, nerves, heart, and blood 
vessels

 
[146].  

Table 8. Criteria for the diagnosis of Diabetes 

A1C ≥6.5%. The test should be performed in a laboratory using a method that is NGSP certified 
and standardized to the DCCT assay.* 

OR 

FPG ≥126 mg/dL (7.0 mmol/L). Fasting is defined as no caloric intake for at least 8 h.* 

OR 

2-h plasma glucose ≥200mg/dL (11.1mmol/L) during an OGTT. The test should be performed 
as described by the WHO, using a glucose load containing the equivalent of 75 g anhydrous 
glucose dissolved in water.* 

OR 

In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, a random plasma 
glucose ≥200 mg/dL (11.1 mmol/L). 

*In the absence of unequivocal hyperglycemia, result should be confirmed by repeat testing. 

 

It is estimated that approximately 382 million people have diabetes worldwide, while 175 million people with 
diabetes are undiagnosed; by 2035 this will rise to 592 million. The number of people with type 2 diabetes is 
increasing in every country. Diabetes caused 5.1 million deaths in 2013 and every six seconds a person dies 
from diabetes [147]. Estimates suggest that more than 6% of the population aged 20-79 years in EU member 
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states, or 30 million people, had diabetes in 2011, with 42% of diabetic adults aged less than 60 years. If left 
unchecked, the number of people with diabetes in EU member states will reach more than 35 million in less 
than 20 years. Less than 5% of adults aged 20-79 years in Belgium, Iceland, Luxembourg, Norway and 
Sweden have diabetes, according to the International Diabetes Federation. This contrasts with Portugal, 
Cyprus and Poland, where 9% or more of the population of the same age have the disease [148]. 

Biomarkers. For decades, the diagnosis of diabetes was based on plasma glucose criteria, either the fasting 

plasma glucose (FPG) or the 2-h value in the 75-g oral glucose tolerance test (OGTT). Recently glycosylated 
haemoglobin A1C, with a threshold of ≥6.5% was also adopted as a criterion for type 2 diabetes mellitus. 
The currently used diagnostic criteria are shown in Table 8[149]. 

2.3.19. Respiratory Disorders and Sleep apnoea syndrome 

The interaction between chronic heart failure (CHF) and concomitant respiratory disease is common and 
plays an important role during the management of these patients [81]. Sleep apnoea syndrome and more 
particularly two subtypes are often associated with CHF, both constituting multi-systemic diseases, 
associated with cardiovascular, respiratory and neurohormonal adverse outcomes. Obstructive sleep apnoea 
and central sleep apnoea often coexist with CHF as well as with each other. More specifically, the first 
results from collapse of normal pharynx, either complete or partial. On the other hand, the latter results from 
either a reduction in central respiratory drive or instability in feedback control of the central respiratory centre. 
Obstructive sleep apnoea constitutes risk factor for the development and the further progression of 
cardiovascular disease and CHF. By contrast, central sleep apnoea, may result from CHF but is associated 
with an increase in the risk of arrhythmias and a worse prognosis [46]. Moreover, advancing experience 
suggests that sleep apnoea is a frequent and often overlooked condition in CKD associated with non-dipping 
blood pressure, sympathetic nervous system activation, and increased CVD risk [78]. 

2.3.20. COPD 

COPD is a preventable and treatable disease with some significant extra pulmonary effects that may 
contribute to the severity in individual patients. It is characterized by airflow limitation that is not fully 
reversible. Because COPD often develops in long-time smokers in middle age, patients often have a variety 
of other diseases related to either smoking or aging [150]. COPD is associated with important chronic 
comorbid diseases, including cardiovascular disease, diabetes and hypertension [151]. 

The available data suggest that the prevalence of physiologically defined COPD in adults aged ≥40 yrs. is 9–
10% [152]. It is the fourth leading cause of chronic morbidity and mortality in the United States, and is 
projected to rank fifth in 2020 in burden of disease worldwide, according to a study published by the World 
Bank/World Health Organization.  

Biomarkers. The diagnosis of COPD should be considered in any patient who has the following: symptoms 
of cough; sputum production; or dyspnoea; or history of exposure to risk factors for the disease. 

1) Pulse oximetry. Arterial blood gas assessment is the preferred method to determine oxygen need 
because it includes acid base information. Arterial oxygen saturation as measured by pulse oximetry 
(SpO2) is adequate for trending. 

2) Spirometry.The diagnosis requires spirometry; a post-bronchodilator forced expiratory volume in 

one second (FEV1)/forced vital capacity (FVC) ≤0.7 confirms the presence of airflow limitation that is 
not fully reversible. 

2.3.21. Rheumatic diseases 

The systemic diseases such as amyloidosis, systemic lupus erythematosus, rheumatoid arthritis, 
scleroderma and other connective tissue diseases, vasculitis are affecting both renal and cardiac function 
and leading to the development of cardiorenal syndrome (CRS) type 5 (secondary CRS). The time sequence 
for developing CRS type 5 depends on the underlying disease and is influenced by the underlying level of 
cardiac and renal function. 

Amyloidosis.The amyloidoses are a group of disorders in which soluble proteins aggregate and deposit 
extracellularly in tissues as insoluble fibrils, causing progressive organ dysfunction [153]. The kidney is one 
of the most frequent sites of amyloid deposition in light chain amyloidosis, serum amyloid A type amyloidosis, 
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and several of the hereditary amyloidoses. Cardiac involvement is a leading cause of morbidity and mortality, 
especially in primary light chain amyloidosis and in both wild-type and hereditary transthyretin amyloidosis 
[154]. 

Systemic lupus erythematosus. Systemic lupus erythematosus (SLE) is a chronic autoimmune connective 

tissue disorder of unknown aetiology that predominantly affects women and typically has manifestations in 
multiple organs [155].Clinical manifestations may vary between mild arthritis and severe organ damage 
accompanied by fever, joint pain and fatigue. Renal involvement occurs in 40–70% of all SLE patients and 
pericarditis may occur in approximately 25% of SLE patients [156]. 

SLE is a rare disease with an estimated prevalence of 1 per 492 white adult females and it is much more 
common in women, with a female to male ratio approximately 9 to 1 [157,158]. 

Vasculitis is a group of rare diseases that have in common inflammation of blood vessels. There are many 
types of vasculitis. Features that vary among different forms of vasculitis and can be used for categorization 
include etiology, pathogenesis, type of vessel affected, type of inflammation, favoured organ distribution, 
clinical manifestations, genetic predispositions, and distinctive demographic characteristics (e.g., with 
respect to age, sex, race, ethnicity, and geographic distribution) [159]. Vasculitis can occur in conjunction 
with another illness, such as lupus or rheumatoid arthritis. 

Arthritis is not a single disease - it is a term that covers over 100 medical conditions. It is defined as 
inflammation of one or more of joints. The main symptoms of arthritis are joint pain and stiffness, which 
typically worsen with age. The two most common types of arthritis are osteoarthritis and rheumatoid arthritis 
(RA) [160]. According to the CDC, an estimated 50 million U.S. adults (about 1 of 5) report having doctor-
diagnosed arthritis [161]. Owing to their high prevalence, RA and renal disease often coincide. The renal 
toxicity of antirheumatic drugs (for example, NSAIDs or cyclosporine toxicity), secondary renal disease 
induced by the chronic inflammatory process (especially renal amyloidosis) and, potentially, renal 
manifestations of the primary disease process, however, are important differential diagnoses [162]. 

2.3.22. Autonomic diabetic neuropathy 

Cardiovascular Autonomic Diabetic Neuropathy (CAN) is a complication of diabetes mellitus that is caused 
by damage of the autonomic nerve fibres that innervate the heart and blood vessels, leading to abnormalities 
in heart rate control and central and peripheral vascular dynamics. CAN manifests in a spectrum of 
subclinical and clinical presentations: it can be a reason of postural hypotension, exercise intolerance, 
enhanced intraoperative cardiovascular liability, increased incidence of asymptomatic ischemia, myocardial 
infarction, and decreased likelihood of survival after myocardial infarction in patients with diabetes mellitus. 
Thus, CAN is accepted as a risk marker for cardiovascular morbidity and mortality. 

Poor glycaemic control in a combination with hypertension, dyslipidaemia and obesity are the most important 
risk factors for CAN.  

There is a huge variation in cardiovascular autonomic neuropathy prevalence because of the inconsistency 
in the criteria used to diagnose CAN and significant differences in the study populations. CAN increases 
annually: the incidence of CAN is approximately 6% in patients with T1DM and 2% in patients with T2DM 
respectively [163,164]. 

Biomarkers. The main biomarkers of cardiovascular autonomic neuropathy are: heart rate (HR) (heart rate 
variability), blood pressure (orthostatic hypotension), 24-hour heart rate variability and blood pressure 
profiles. Cardiovascular autonomic reflex tests (CART), such as HR responses to deep breathing, standing 
and Valsalva manoeuvre, as well as blood pressure response to standing are considered as the gold 
standard in clinical testing for autonomic neuropathy. According to the CAN Subcommittee of the Toronto 
Consensus Panel statement [165], the criteria for diagnosis and staging of CAN are as follows:  

‒ A single abnormal CART result identifies the possibility of early CAN; 

‒ The presence of two or three abnormal test is needed for definite or confirmed CAN;  

‒ The presence of orthostatic hypotension in addition to the CART signifies the presence of severe 
advanced CAN. 
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2.3.23. Diabetic nephropathy (DN) 

Diabetic nephropathy is a clinical syndrome characterized by the following: persistent albuminuria, 
progressive decline in the glomerular filtration rate (GFR) and hypertension. The clinical diagnosis of DN 
usually depends on the detection of microalbuminuria (albumin excretion of more than 30 mg/g of creatinine 
in 2 out of 3 random urine samples collected in within a 6-month period). Progression of the diabetic 
nephropathy is divided in clinical stages depending on the duration of the disease (Table 9) [166]. 

 

Table 9. Stages of diabetic nephropathy 

Stage 1 Early hyperfunction and hypertrophy ACR < 30 mg/g creatinine 

Stage 2 Morphologic lesions without signs of 
clinical disease 

ACR > 30 and < 300 mg/g creatinine 

Stage 3 Microalbuminuria ACR > 300 mg/g creatinine and/or persistent 

proteinuria with serum concentration of creatinine 2.0 
mg/dL 

Stage 4 Overt nephropathy Serum concentration of creatinine 2.0 mg/dL with 
proteinuria 

Stage 5 End-stage renal disease with uraemia On dialysis 

 

Diabetic nephropathy cases vary largely among countries; in average DN develops in 30% to 40% of 
patients with diabetes [167]. Approximately 20 to 30% of type 1 diabetes patients will have microalbuminuria 
after a mean duration of diabetes of 15 years [168]. Less than half of these patients will progress to overt 
nephropathy. In patients with type 2 diabetes, the incidence of microalbuminuria was 2.0% per year and the 
prevalence 10 years after diagnosis 25% in the U.K. Diabetic Nephropathy is one of the most significant 
long-term complications of diabetes mellitus, which can lead to chronic kidney disease and renal 
replacement therapy.  

Biomarkers of DN are microalbuminuria (is earlier non-invasive marker for diabetic nephropathy), serum 

creatinine concentration, GFR. 

2.3.24. Peripheral artery disease (PAD) 

PAD manifests as insufficient tissue perfusion caused by existing atherosclerosis that may be acutely 
compounded by either emboli or thrombi. Risk factors for PAD include smoking, hyperlipidemia, diabetes 
mellitus, and hyperviscosity [169]. The prevalence rates increases with age both in men and women. 
Globally, 202 million people were living with peripheral artery disease in 2010 [170].  

Biomarkers. 

1) Ankle Brachial Index (ABI). ABI has been shown to be a specific and sensitive metric for the 

diagnosis of Peripheral Arterial Disease (PAD). The Ankle Brachial Index (ABI) is the systolic 
pressure at the ankle, divided by the systolic pressure at the arm. 

2) Arterial stiffness. Arterial stiffness describes the reduced capability of an artery to expand and 
contract in response to pressure changes. Parameters that describe vessel stiffness include 
compliance and distensibility. Pulse wave velocity (PWV) is increased in stiffer arteries and, when 
measured over the aorta, is an independent predictor of cardiovascular morbidity and mortality. 

3) Others: Lipid profile, smoking history, glycaemic control, weight control, blood pressure. 

2.3.25. Atherosclerosis 

Atherosclerosis is a type of arteriosclerosis - a general term for the thickening and hardening of arteries. 
Atherosclerosis is called the process of fatty substances, cholesterol, cellular waste products, calcium and 
fibrin (a clotting material in the blood) building up in the inner lining of an artery. The build-up that results is 
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called plaque [171]. Atherosclerosis is an inflammatory disease in which immune mechanisms interact with 
metabolic risk factors to initiate, propagate, and activate lesions in the arterial tree. 

Major independent risk factors for the development of atherosclerosis include elevated plasma total and low- 
density lipoprotein cholesterol, cigarette smoking ,hypertension, diabetes mellitus, advancing age, low 
plasma high-density lipoprotein cholesterol, a family history of premature coronary artery disease, and 
psychosocial factors. Atherosclerosis presents an increased risk for cardiovascular disease such as CHD 
and stroke. 

Biomarkers. Lipid profile, PWV, BP, CRP, fibrinogen, endothelium dysfunction, smokinghistory, glycaemic 

control. 

2.3.26. Drugs 

Cardiotoxic drugs. In some patients the occurrence of HF can be attributed to the cardiotoxic effect of a 
particular drug. Furthermore, as several categories of drugs may exert unfavorable hemodynamic effects, 
these drugs may act as a precipitating factor for a relapse in patients with previously compensated HF [172]. 
Drugs that usually are associated with the onset or worsening of HF are cytostatics (anthracyclines, 
cyclophosphamide), tricyclic antidepressants, immunomodulating drugs (interferons), anesthetics, 
nonsteroidal anti-inflammatory drugs, beta-adrenoceptor antagonists and antiarrhythmics [173]. 

Nephrotoxic drugs. Drugs cause approximately 20 percent of community-and hospital-acquired episodes of 
acute renal failure and the incidence of drug-induced nephrotoxicity has been increasing with the ever 
increasing number of drugs and with easy availability of over-the-counter medication, antibiotics, NSAIDs, 
angiotensin converting enzyme inhibitors (ACEI) and contrast agents are the major culprit drugs contributory 
to kidney damage [174].  

2.3.27. Stroke 

A stroke is a sudden interruption in the blood supply of the brain. Most strokes are caused by an abrupt 
blockage of arteries leading to the brain (ischemic stroke).  Other strokes are caused by bleeding into brain 
tissue when a blood vessel bursts (hemorrhagic stroke). The major risk factors for stroke are similar to those 
for coronary heart disease, with high blood pressure and tobacco been the most significant modifiable risks. 
Atrial fibrillation, heart failure and heart attack are other important risk factors [175]. 

2.3.28. ESRD and dialysis 

 
The final stage of chronic kidney disease is ESRD. Despite the high prevalence of chronic kidney disease , 
relatively few individuals with CKD progress to ESRD [176]. Optimal care of CKD patients requires accurate 
estimation of the risk of two competing clinical outcomes: ESRD and death. Age is the most intuitive: for a 
given level of kidney function, older patients are more likely to die before requiring renal replacement therapy 
compared with younger patients. Similarly, patients with diabetes and low levels of proteinuria have higher 
rates of pre-ESRD death, whereas patients with polycystic kidney disease tend to first develop ESRD [177]. 

The global prevalence of ESRD requiring treatment with dialysis or kidney transplantation continues to 
increase [178]. Since the beginning of maintenance therapy for ESRD through dialysis or transplantation, the 
number of patients treated for terminal kidney failure worldwide has continued to grow at a rate that is far in 
excess of the growth rate of the general population. By 2001, more than 1 million patients were reported 
worldwide to receive dialysis treatment alone, with the numbers growing at an annual global average rate of 
7%.  

2.4. Risk Factors 

From the overview of the medical domain presented in the previous section it is evident that cardiorenal 
disease and comorbidities is a complex domain. Related conditions do not have a single cause, but evidence 
suggests that there are multiple causal chains. In order to capture this in CARRE, current evidence will be 



   
  D.2.1: Domain Analysis & Use Cases 

 

 

FP7-ICT-61140  page 32 of 152 

presented as a complex network of risk factors, that is pairs of conditions one related to another via a causal 
relationship.  

The following subsections present the concept of risk factor in medicine, how this is quantified and estimated 
via evidence from research studies. The section concludes with a fi 

2.4.1. Risk factors in medicine 

In medicine risk is the probability of a negative outcome on the health of a population of subjects. The agents 
responsible for that risk are called risk factors when they aggravate a situation and are being used to predict 
up to a degree the occurrence of a condition or deterioration of a patient’s health dividing the population into 
high and low risk groups [179]. In general, risk factors can be:  

‒ Environmental.   It includes chemical, physical, mechanical, biological and psychosocial elements 
that constitute risk factors to public health. 

‒ Demographic. Empirical findings have pointed out that age, sex, race, location, and religion all affect 
public health. 

‒ Genetic. Any predisposition to conditions and habits hardcoded in the human gene. 

‒ Behavioral – Lifestyle related.  Human behaviors that are marked as “risky” and have proven to 
cause deterioration or provide added risk like smoking, overeating, unprotected sexual life, 
excessive alcohol drinking, drug abuse and sedentary lifestyle. 

‒ Biomedical.  These include conditions present in a patient that can influence his/her health by 
creating or affecting other conditions. 

The relation between the two conditions, initial and resulting may not always be proven causation. Following 
UMLS Semantic Network [180], associations between a risk factor and the associated condition include:  

‒ issue_in: the risk factor is a point of discussion for a condition 

‒ affects: the risk factor produces a direct effect on the condition 

‒ causes: the risk factor brings about the condition 

‒ complicates: the risk factor causes another (risk) factor to become more complex (recursive). 

The existence of a risk factor isn’t a determinant of consequence but the degree of its influence can be 
statistically calculated. Extending work on general risk analysis [181], we can present a risk factor as a triplet 
(Figure 3):  

1) what can happen (what is the event, factor/condition/disorder 1) 

2) what are the consequences (what is the resulting condition/disorder 2) 

3) what is the likelihood of having these consequences when the event is present.  

disorder 1
(as a risk factor)

disorder 2leads to

under condition 

related to biomarker x

with probability 

 

Figure 3. Schematic representation of the risk factor triplet 
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Furthermore, risk factors can be classified introducing a different typology [182]. Thus, depending on the 
ability to alter it spontaneously or by intervention two categories can be identified:  

‒ “variable risk factor”, e.g. the high blood pressure that is treated or 

‒ “fixed marker”, e.g. the date of birth or race 

The multivariate nature of risk factors can be evaluated more tentatively by considering the behavior of risk 
in time, the response to it and metrics that can be applied to describe it. A risk factor can have a continuous 
presence or be recurrent with long or short intermissions. This means that given too short a period to study 
the effects of a risk factor, might not produce definitive or correct results. A continuous presence might have 
more severe consequences but an intermittent one can cause the condition to reset its status and interfere 
with the treatment. For example when we are considering continuous exposure to an allergenic or toxic 
substance the effects usually become more extreme over time but an intermittent exposure can also create 
the reoccurrence of specific conditions. 

2.4.2. Risk Ratio and Hazard Ratio 

The way to measure the likelihood requires a certain quantitative biomarker and observational studies that 
statistically calculate a probability. This probability is expressed as a risk ratio.   

Relative risk or Risk ratio (RR) is the ratio of the probability of an event occurring (for example, developing a 

disease) in an exposed group to the probability of the event occurring in a non-exposed group.  

 

   
                                                                          

                                                                               
 

 

The relative risk of developing a disease when a risk is present (as opposed when it is not present) is 
calculated by means of 2X2 tables (Table 10). So in a given population where  

a = is the number of smokers with hypertension,  

b = is the number of smokers without hypertension,  

c = is the number of non-smokers with hypertension, and 

d = is the number of non-smokers without hypertension  

the relative risk of smokers to develop hypertension (as compared to non-smokers) is:  

   

 

   
 

   

 

Hence, smokers are RR times more likely to develop hypertension than non-smokers. A relative risk of 1 
suggests there is no difference in risk between two groups. A relative risk >1 means that the event is more 
likely to occur in the study group, while a relative risk <1 means that the event is less likely to occur in the 
study group. Relative risks are cumulative over the entire study time period and thus are biased with respect 
to the time period (or endpoint) chosen.  

 

Table 10. Risk calculation table. 

 disease status 

risk hypertension present hypertension absent 

smoker a b 

non-smoker c d 
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Another metric of relative risk is the Hazard Ratio (HR) (e.g. [183,184]) which is most often used in clinical 
studies to assess the instantaneous risk at any time of a given study. So, it accounts for the reality that some 
subjects may drop out of the study before the event of interest happens, or that the study may end before all 
of the subjects experience the event (time-to-event analysis).  

Hazard ratios are calculated via the survival analysis statistical method. In this method, the hazard is the 
slope of the survival curve,which is a measure of how rapidly subjects are dying. In the general case, this 
method is used to study the rate of any type of event either negative or positive (not only death). The Hazard 
Ratio compares two populations, the one under study (e.g. with disease or after intervention) and one control 
group. Survival curves for both populations are plotted and hazard is calculated. The ratio of the two hazard 
values is then the Hazard Ratio. There are several statistical methods for sampling the two populations, 
plotting the survival curves and estimating hazards.  

To derive the probability a study group to experience the event before the control group, one can use the 
hazard ratio: 

             
            

               
 

2.4.3. Medical evidence  

Risk factors are derived from clinical studies. In the past, various evidence ranking schemes have been 
used, to appraise quality of evidence, based on study design and methodology utilised. Table 11 presents 
the grading system proposed by The Oxford Centre for Evidence-Based Medicine [185]. 

 

Table 11. OCEBM Levels of evidence (Oxford Center for Evidence-based Medicine) [185] 

Level   Type of evidence for therapy/prevention, etiology/harm 

1 Systematic Review (SR) of randomized trials or nested case-control studies, n-of-1 
trial, or observational study with dramatic effect  

2 Individual randomized trial or (exceptionally) observational study with dramatic effect 

3 Non-randomized controlled cohort/follow-up study 

4 Case-series, case-control studies, or historically controlled studies 

5 Mechanism-based reasoning 

 

Definitions of the study types are as follows: [186] 

A systematic review (SR) is a review with a clearly formulated question that uses systematic and explicit 

methods to identify, select, and critically appraise relevant research. It may also utilize meta-analytical 
methods to collate and analyze data from the studies that are included in the systematic review (meta-
analysis). 

Randomized controlled trial (RCT): An epidemiological experiment where eligible people are randomly 

allocated to two or more groups. One group receives the intervention (i.e. a new drug) while the control 
group(s) receive(s) inactive placebo (placebo-controlled trial) or an active comparator (comparative 
effectiveness trial). The researchers assess what happens to people in each group. Any difference in any of 
the outcomes can be attributed to the intervention. 

Cohort Study A longitudinal study that follows a group of people (cohort) who are, have been, or in the 
future may be exposed or not exposed, or exposed in different degrees, to a factor or factors hypothesized to 
influence the incidence of a given disease or other outcome.  

Case control study: An observational study of persons with the disease of interest (or any outcome 

variable) and a suitable control (comparison, reference) group of persons without the disease. The 
relationship of an attribute to the disease is examined by comparing the diseased and non-diseased with 
regard to how frequently the attribute is present or, if quantitative, the levels of the attribute, in each of the 
groups. 
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Case-series: A group or series of case reports involving patients who were given similar treatment. Reports 
of case series usually contain detailed information about the individual patients. This includes demographic 
information (for example, age, gender, ethnic origin) and information on diagnosis, treatment, response to 
treatment, and follow-up after treatment.  

Evidence reported by scientific studies is used by various organizations in the field to formulate 
recommendations or deduce clinical practice guidelines. Sources of evidence can range from small in vitro 
studies or case reports to large elegant randomized clinical trials that have minimized bias to a great extent. 
Similarly with evidence, recommendations that are based on the evidence can be of different quality. Poor 
quality evidence can lead to recommendations that are not in patients’ best interests; hence it is essential to 
assess the confidence we have in the recommendations. Several systems and approaches have been 
proposed for grading clinical practice guidelines. GRADE is the most widely accepted system, which has 
been adopted by a large number of evidence review bodies [187] and organizations including WHO [188]. It 
also provides free software for creating summary of findings in tables [189].  

In GRADE, clinical practice guidelines are graded along two axes, in terms of the: 

1. quality of evidence 
A: high 
B: moderate 
C: low  
D: very low 

2. strength of recommendation 
Level 1 = strong (“we recommend”) 
Level 2 = weak or discretionary (“we suggest”) 

2.4.4. Risk factors related to CARRE domain 

The following list presents the major risk factors related to cardiorenal syndrome, as derived from the domain 
analysis in Sections 2.2 and 2.3. 

 

Table 12. List of major risk factors related to cardiorenal disease 

Causing factor/condition  resulting condition 

Hypertension heart failure 

renal disease 

diabetes 

cardiovascular disease 

LVH 

Obesity diabetes 

dyslipidemia 

hypertension 

renal disease 

atrial fibrillation 

cardiovascular disease 

Central obesity diabetes 

dyslipidemia 

hypertension 

cardiovascular disease 

Age peripheral vascular disease 

cerebrovascular disease 

coronary heart disease 

Diabetes heart failure 
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renal disease 

cardiovascular disease 

Dyslipidemia diabetes 

cardiovascular disease 

Smoking atherosclerosis 

renal disease 

cardiovascular disease 

Physical exercise diabetes 

hypertension 

dyslipidemia 

cardiovascular disease 

Alcohol abuse hypertension 

renal disease 

cardiovascular disease 

Nephrotoxic drugs renal disease 

Left ventricular hypertrophy cardiovascular disease 

Diabetic nephropathy cardiovascular disease 

Hyperkalemia cardiac arrythmias 

Family history of CVD CVD 

Menopause CVD 

Dilatatedcardiomyopahty chronic heart failure 

Acute myocardial infarction Atrial Fibrilation 

Cardiomyopahty 

 

Ischemic heart disease 

HF 

Atherosclerosis MI 

heart failure (HF) 

peripheral vascular disease 

sudden cardiac death 

Obstructive sleep apnoea hypertension 

diabetes 

cardiovascular disease 

COPD cardiovascular disease 

Anaemia cardiovascular disease 

Hyperuricaemia cardiovascular disease 

Depression cardiovascular disease 

Atrial Fibrilation Myocardial Infarction 

Chronic Kidney Disease and AF end stage renal disease (ESRD) 

AMI and CKD death 

Anemia and CKD CVD 

death 

CKD AKI 

CVD 

PAD (peripheral arterial disease) 

hospitalization 

Cardiovascular hospitalization 

hyperkalemia 
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anaemia 

High protein intake (diet) in CKD progression of CKD 

Insufficient glucemic control in diabetic CKD progression of CKD 

retinopathy 

Excessive salt intake (diet) in CKD high blood pressure 

albuminuria 

progression of CKD 

Smoking in CKD  progression of CKD 

Obesity in CKD  progression of CKD 

mortality 

morbitity 

Reduction in life expectancy 

Lack of physical activity in CKD progression of CKD 

progression of CVD 

mortality 

Poor QOL 

Abnormalities of mineral metabolism (High 
serum levels of phosphorus, calcium and 
parathyroid hormone) in CKD 

CVD 

Cardiovascular mortality 

All cause mortality 

Nonfatal cardiovascular events 

Nephrotoxic drugs in CKD progression of CKD 

AKI 

Inappropriate dose adjustment of certain drugs 
(e.g antibiotics) in CKD 

progression of CKD 

AKI 

Late referral to physician in CKD hospitalization 

mortality 

ESRD (end stage renal disease) Infectious complications  

Sudden cardiac death 

2.4.5. Risk factor template 

Based on the above, in order to describe a risk factor the following information should be considered and 
taken into account for risk factor modelling and CARRE information model/scheme/ontology in subsequent 
Tasks (T.2.2, T.2.4). 

 

Risk Factor A 

source the initial factor, condition, disorder 

risk for the resulting condition or disorder 

type of association issue_in, causes, affects, complicates 

risk type environmental, genetic, behavioral, biomedical, and demographic 

fixed marker yes or no, indicating whether we can alter/alleviate this factor or not  

aggregate probability an overall calculated probability that the source is associated with the result, as 
derived from and/or processed based on medical evidence  
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Probability X for risk factor A 

Biomarker the specific biomarker used to measure the extend of the  condition 

biomarker value the value range of the biomarker which determines the risk/hazard ratio 

hazard ratio the hazard ratio as per evidence based medicine 

confidence interval confidence interval  

adjusted for parameters for which is hazard ratio is statistically adjusted for  

evidence source pointer to evidence source, see below 

 

Evidence source for aggregate probability X of risk factor A 

Citation full  

classification of type see OCEBM classification in previous section 

year year of publication of the evidence 

type of source type of study producing the evidence  

 

An example is given below: 

Risk Factor: CKD as a risk factor for AKI 

source Chronic Kidney Disease (CKD) 

risk for Acute Kidney Disease (AKI) 

type of association Predicts, Causes 

risk type Biomedical 

fixed marker No 

aggregate probability  

 

Probability for:  CKD as a risk factor for AKI 

Biomarker Serum creatine 

biomarker value Doubling- 2 x (baseline serum creatine) within 48hours 

odds ratio 1.66 for stage 3 CKD                 20.42 for stage 4 CKD 

confidence interval 1.40-1.97                                     17.40-23.96 

adjusted for Age, sex, race/ethnicity 

evidence source 1A (guideline KDIGO 2012) 

 

Evidence source for probability of: CKD as a risk factor for AKI 

Citation Hsu CY, Ordonez JD, Chertow GM et al. The risk of acute renal failure in 
patients with chronic kidney disease. Kidney Int 2008; 74: 101–107. 

classification of type  

year 2008 

type of source Cohort study 
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3. Comorbidities Management & Patient Empowerment 

3.1. The concept of shared decision making 

Recent research suggests that the majority (63% to 71%) of patients prefers having a say in the matters 
regarding their health and there seems to be a time trend for the patients to become more active in their 
healthcare, although it could also be attributed to the change of focus on the patients’ involvement [190]. The 
core of patient participation in their health matters is not only following the physicians’ recommendations, but 
also actively contributing to the decisions. Shared decision making is based on an interactional model (as 
opposed to the paternalistic and the informed models), defined by reference to four necessary characteristics 
[191] plus some additional, though very important ones [192]: 

 At least both the patient and the physician are involved in the treatment decision-making process. 

 The information is shared between the patient and the physician. 

 Consensus must be achieved by taking steps to express treatment preferences. 

 The treatment decision must be agreed upon by both the physician and the patient. 

 The patient is faced with two or more treatment options with no clear best choice in terms of survival, 
outcome, or functionality. 

 The patient’s own preferences and values drive decisions. 

The term shared decision-making is often mistakenly used interchangeably with informed decision- making – 
a broader term referring to patients becoming more knowledgeable about their health care and treatment 
decisions in general [193]. The key to the distinction of these concepts is in the aforementioned list of 
characteristics. Shared decision-making occurs in cases where a patient’s values and preferences are the 
determining factors in deciding between two or more medically reasonable alternatives. Informed decision-
making, on the other hand, is an effort to advance a patient’s understanding of the science-base for choosing 
one treatment option over the other. 

Shared decision making could also be understood as a continuum ranging from patient-driven decision 
making, through an equal partnership with care providers, to fully physician-driven decision making [194]. 
Shared Decision Making is a process in which clinicians and patients work together to select tests, 
treatments, management or support packages, based on clinical evidence and the patient’s informed 
preferences. It involves the provision of evidence-based information about options, outcomes and 
uncertainties, together with decision support counselling and a system for recording and implementing 
patients’ informed preferences. Since by definition there is no best treatment choice in cases where shared 
decision-making is used, the process relies on the experience and expertise of both parties to find a mutually 
satisfactory decision [193]. As such, the concept of shared decision making plays an important role in patient 
participation and empowerment. 

3.2. Patient empowerment 

Patient empowerment is a relatively new and rather complex concept. Definitions include but are not limited 
to: informing the patient, supporting the patient psychologically, building a rapport with a healthcare provider, 
informed choice/decision making, gatekeeping, coping, patient assertiveness, self-esteem and confidence 
[195]. It could be said that patient empowerment is a process that enables the patient to gain control, 
become initiative, solve problems and make decisions regarding their own health [196]. It is also a process 
dethroning doctors and getting patients up from their knees – in a way that does not leave doctors 
powerless, but helping people lead more proactive and fulfilling lives.  

For example, VivaPort.eu personal health portal gives the patient control over their health records – it is 
possible to store their patient summary (and even translate it to another language, if such need arises), 
relevant medical documents and control who, when and how can access them; it also seeks for the patient to 
become engaged with self-monitoring and can display weight and heart-related history, providing perspective 
to the patients’ current health condition. 



   
  D.2.1: Domain Analysis & Use Cases 

 

 

FP7-ICT-61140  page 40 of 152 

As this concept is rather closely related to shared decision making, it could be said that this process also 
enables the patient to effectively and proactively participate in shared decision making. 

There are tools that facilitate this process by helping the patient construct preferences and eventually make 
a decision - and they are called decision aids. 

3.3. From decision aid to decision support services 

Decision aid is an intervention designed specifically for the patient or a person facing health care decisions. 
One of the best definitions is as follows [197]: [decision aid] helps people think about choices they face, 
describes where and why choice exists and provides information about possible options; it helps people 
weight, collectively or individually, these options, foretell short, middle and long-term outcomes and their 
consequences, and by doing so, contribute to the construction of preferences and, eventually, making of the 
decisio.  

Decision aids can be simple, in the form of a treatment option table, printed material, videos or more complex 
in the form of interactive questionnaire/tool, interactive web program [192,193,198,199]. Patient decision aids 
can be viewed as a means to shift from paternalist to increased patient engagement in shared decision 
making. Importantly, decision aids help ground but are not a replacement for direct conversation between a 
clinician and patient to determine the preferred course of action. A decision aid can be used both as part of 
the patient consultation and by the individual before or after a consultation [200]. Aids are intended to 
provide objective and easy to understand information about treatment options, the likely physical and 
emotional consequences of each option, and their potential harm and benefit. Decision aids may also include 
tools to assess personal values and preferences.   

Decision aids is that they are designed to encourage a more deliberative “reasonable” approach to decision-
making as to help minimize cognitive bias [200]. However, there exists a risk to create a decision aid with a 
variety of cognitive biases in it. For example, formulating an alternative in costs as opposed to benefits can 
change patient’s preference [201]. On the other hand, presenting two different alternatives at the same time 
can make decision aid less parsimonious, less comprehensive, and thus less easy to understand. Therefore 
framing effects, risk perception, judgment and decision making are the areas of psychology worth delving 
into in a creation of a decision aid. 

Overall, a recent Cochrane review on the use of decision aids among people facing a treatment or screening 
decision found that they increase patients’ knowledge and realistic perception of outcomes, are likely to 
encourage decisions that are consistent with the patients’ values and improve communication between the 
clinician and patient, allowing greater participation in decision making [199]. 

The field of shared decision-making is evolving and likely will be shaped by the emergence of new 
technologies that change the nature of the clinical-patient encounter. For example, the use of real-time 
interfaces other than in-person visits may shift how decision aids are used or how shared decision-making 
occurs between clinician and patient [202]. 

3.4. Decision support intervention and decision aid design strategies and tactics 

A systematic review of cancer decision support services points out three specific design strategies [203]: 

 Information giving 

 Enhanced participation 

 Reinforcement 

There are few (if any) suggestions as to which strategy is the most important, but a large number of the 
implementations seem to have been developed using the information giving design 

The implementation methods are varied – literature lists the following categories of DSIs/DAs 

Brief decision aids (answer three questions: 1. “Do I have options?”, 2. “What are the benefits and risks?”, 
and 3. “How can I and my HCP make a decision together that is right for me?” [204,205,206,207,208,209] 

‒ Risk communication tools 
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‒ Patient information tools 

‒ Booklets, audio guides 

‒ Structured, individual and group counselling 

‒ Patient decision boards 

‒ Question prompt lists 

‒ Interactive dashboards 

‒ Decision trees, decision analysis 

‒ Value clarification tools 

There are suggestions in literature that decision analysis tools provide the most comprehensive decision 
support, but it seems DAs have a positive influence on both the decision-making process and decision 
outcome in general, regardless of the type. 

3.5. Evaluating decision aids 

Decision aid evaluation scale has been outlined in 2005 by the International Patient Decision Aids Standards 
(IPDAS). This scale aims to provide a shared evidence-informed framework with a set of criteria to enhance 
both the quality and effectiveness of DAs, and is widely adopted by decision aid developers worldwide. 

3.6. Decision support system 

A decision support system is a computer-based information system that facilitates decision-making activities. 
Both Sprague (1980) [210] and Keen (1980) [211] provide the following definition of a decision support 
system: 

 A DSS is defined by the problem it addresses. 

 A DSS is based both on models and analytic techniques and traditional data access and methods. 

 A DSS supports the cognitive processes of individual decision makers. 

 A DSS is flexible and adaptable to both the changes in the environment and the users’ approach to 
making the decision. 

Unlike the older CDSS, modern medical decision support systems should provide additional capabilities 
including the following [212]: 

 Compatibility with both structured and free-form medical data. 

 The ability to integrate information from different sources. 

 The ability to understand and translate information from heterogeneous systems. 

 Tolerance for sparse patient data. 

 Ability to explain their decisions and recommendations. 

3.7. Existing Decision Aid programs 

Informed medical decisions foundation [213] has a number of DA programs in the following categories: 

 Back care 

 Breast cancer 

 Cardiovascular disease 
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 Chronic Conditions 

 End of life 

 General health 

 Mental health 

 Ophthalmology 

 Orthopaedic 

 Prostate 

 Screening and testing 

 Weight loss 

 Women’s health 

Arriba-lib: electronic library of decision aids with evidence-based modules for cardiovascular prevention, 
diabetes, coronary heart disease, atrial fibrillation and depression has positive associations to the decision-
making process in patients and physicians. It can also be used with older age groups and patients with less 
formal education [214]. 

Ottawa Hospital Research Institute has a comprehensive list of decision aids grouped by health topics 
ranging from acne to weight control

 
[215] and an online patient decision aid development e-training course 

[216], UK‘s National Health Service has a directory of Decision Aids [217]  and an expert system (NHS 
Direct) for finding relevant Das [218], United States agency for healthcare Research and Quality under U.S. 
Department of Health and Human Services also has a directory of decision aids, and so on, so forth. Most of 
the decision aids seem to have been developed to provide information, i.e. are in a form of a booklet (e.g. 
this behaviour could worsen your condition, the other can do no harm, etc.) or an educational video. As 
CARRE decision support services mainly address treatment critiquing and planning, information retrieval and 
education, simplest forms of DAs will not suffice, so we should be looking towards more complex collections 
of various types DAs complementing a DSS. 

3.8. Existing decision support system frameworks and recommendations for their 
development 

There are quite a lot of frameworks for decision support systems mentioned in academic literature, but most 
of them seem to be oriented towards the health care professional. Nevertheless, there are some rather 
recent and intriguing developments in this particular field which also support the patients’ decisions: 
knowledge-based OMeD system, Holmes, a Hybrid Ontological and Learning Medical System [212], Clinical 
Decision Support Consortium’s pilot study of distributed knowledge management and clinical decision 
support [219]. It is not beyond the realm of reason to think that a web-based MVC real-time clinical decision 
support system developed by researchers at China Medical University [220] could be modified to present 
relevant information to the patient instead of a healthcare professional, nor is it impossible to modify 
vivaport.eu multilingual personal health portal to provide relevant interactive decision aids based on the 
personal health record stored on the site. 

There have been suggestions that developers of decision-making support tools should concentrate more on 
the more comprehensive development process, better conveyance of information on a full range of outcome 
states and better presentation of outcome probabilities in a way that is understandable and interpretable by 
patients with different levels of health literacy [204]. Strategies to sustain relevance and quality of information 
content are also considered important. Also the majority of decision support services are deliberation-
facilitating and tend to ignore the intuitive processes, which are also important. It has been suggested that 
intuitive and analytical processes may have complementary effects in patient decision support and that 
focusing only on supporting deliberation may limit effectiveness and negatively influence preference 
construction [209]. 
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3.9. Conclusions 

There doesn‘t seem to be a “silver bullet” solution to developing super-effective patient-oriented decision 
systems or decision aids. There are, however, evaluation tools such as IPDAS which can help ensure the 
overall quality of a decision aid in development, insight into human perception and decision making that can 
help with innovation. It also seems that the type of the decision aid is less important than expected, and even 
though decision analysis tools might look more effective, other researchers remind us that intuition is as 
important as deliberation. And even though all well-built decision aids seem to have a positive effect on both 
the decision-making process and decision outcome, it is important not to forget that the whole shared 
decision process begins with the health care professional and the patient, and both the decision-making 
process and the decision outcome depend on the interaction between them. 
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4. CARRE Survey 

4.1. Introduction 

The aim of the survey is to identify end-user expectations in order to give user feedback for the definition of  
CARRE functional requirements.  

This survey targets the different types of end users  

 patients with cardio renal disease and with or at risk of comorbidities and/or their carers;  

 healthcare professionals of all levels, including General Practitioners, Specialized Medical Doctors, 
Nurses in Units and Outpatients Clinics, etc.; and  

 key persons in organizations that provide managed care or health insurance, e.g. in a National 
Health System, private health insurance company, etc.  

4.2. Aim and Research Questions 

The aim of this survey is to help identify use cases and derive CARRE functional requirements. The survey 
was designed to capture all points of view of potential stakeholders. These can mainly be grouped into three 
main categories:  

‒ the patient group (including patients, healthy individuals at risk as well as their carers), and  

‒ the professionals, including medical experts, nursing personnel, and 

‒ healthcare policy makers.   

Research questions to investigate the patient perspective can be grouped along the following axes:  

‒ How do patients perceive empowerment (in terms of their health condition management)? Are they 
willing to be empowered or prefer to be guided? 

‒ Do patients understand their condition; are they willing to be informed about it and what information 
would like to have?   

‒ Are patients willing and able to be engaged with ICT intervention that will enhance their knowledge and 
empower them? 

‒ At what extend are patients willing to be monitored so that information gathered can be used to 
personalized empowerment and educational interventions. 

Research questions to investigate the professionals’ perspective can be grouped along the following axes:  

‒ How do professionals perceive patient empowerment?  

‒ Are professionals’ willing to support and promote patient empowerment interventions?  

‒ What would empower professionals to manage (not empower) cardiorenal patients?   

Research questions to investigate the perspective of other stakeholders (e.g. policy makers) can be grouped 
along the following axes:  

‒ How do other stakeholders perceive patient empowerment? 

‒ Are they willing to support and promote patient empowerment interventions in healthcare systems? 

4.3. Survey Design and Deployment  

A different survey approach was chosen for each one of the target groups. 
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4.3.1. Patients Survey 

The patients group (including healthy individuals and/or carers) was surveyed based on a questionnaire, 
specifically designed and validated for this purpose. The methodology for design and validation of the 
questionnaire is presented in detail in Annex 1 of this deliverable.  

The questionnaire consisted of 5 sections:  

1. Personal Information (7 questions) 

2. Understanding my condition (4 questions) 

3. Getting information on my condition (10 questions) 

4. Empowerment or Guidance? (12 questions) 

5. Technology and disease management (9 questions) 

All four questions of the group on “Understanding my condition” which aim to probe patient’s perceived 
ability/knowledge were supplemented by additional open ended subquestions so as to have a measure of 
the perceived vs. real personal ability. In particular:  

1. Question: I am aware of what may have caused my current condition.  

Supplement: Please list all you think that may have caused your current condition:… 

2. Question: I know which symptoms I currently experience are due to my disease. 

Supplement: Please list all you know:… 

3. Question: I can recognize new symptoms that may indicate disease progression 

Supplement: Please, list which ones:…. 

4. Question I am aware of other illnesses that may occur due to inefficient management of my current 
health condition. 

Supplement: Please, list all you know: … 

The final questionnaire was deployed primarily in the two countries of the intended CARRE pilots in their 
native language. Deployment was via printed questionnaires handed out to patients in hospital waiting 
rooms, as well as via electronic versions of the questionnaires available on-line.  

The printed questionnaires were handed out to patients in hospital waiting rooms in two different hospitals:  

‒ General Regional Hospital of Kavala, Kavala, Greece  

‒ Vilnius University Hospital Santariskių Klinikos, Vilnius, Lithuania  

Before administering the questionnaires, in both hospitals the appropriate ethics approvals were obtained: 
Kavala: prot. no: 56/7.4.2014, Vilnius: prot. no 14VR-3165/2014-03-18.  

The questionnaires were also made available on-line. The on-line versions were developed in the 
GoogleDocs web platform and are available at:  

‒ Greek online version : 

https://docs.google.com/forms/d/1tf1vMukKlq46YZ6Oux_Weq5BgsI2ltStMZsI42Umb14/viewform 

‒ Lithuanian online version : 

https://docs.google.com/forms/d/1ZXPAlWC3ktbvuP4IVmdnyRLE1kLOXSY9U093IsAuGMU/viewform 

‒ English online version : 

https://docs.google.com/forms/d/1NG9KV6niyqG1B08cQQpEMGu9igDi0C5CLKVIxupOR00/viewform 

The on-line versions of the survey were advertised via the CARRE project homepage and via the twitter and 

facebook project pages.  

https://docs.google.com/forms/d/1tf1vMukKlq46YZ6Oux_Weq5BgsI2ltStMZsI42Umb14/viewform
https://docs.google.com/forms/d/1ZXPAlWC3ktbvuP4IVmdnyRLE1kLOXSY9U093IsAuGMU/viewform
https://docs.google.com/forms/d/1NG9KV6niyqG1B08cQQpEMGu9igDi0C5CLKVIxupOR00/viewform
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4.3.2. Healthcare Professionals Survey 

Perceptions of healthcare professionals were recorded mainly by a short questionnaire. This was derived 
based on a focus group of healthcare professionals.  

Questions focused on two main categories:  

‒ How do professionals prefer to keep up to date with medical knowledge  

‒ What are their perceptions about using technology in disease management 

The methodology for design and validation of the questionnaire are presented in detail in Annex 2 of this 
deliverable.  

The questionnaire was deployed mainly by DUTH and VULSK in the two countries of the intended CARRE 
pilots, Greece and Lithuania respectively.  

4.3.3. Other Stakeholders Survey 

Perceptions of policy makers were recorded via semi-structured interviews. The following outline was 
followed:  

1) Please give us some information about the job and key responsibilities (Name, Affiliation, Position, 
Position Responsibilities, Years in this or at similar position). 

2) Are you directly related to the field of cardiorenal disease and/or cardiorenal comorbidities? Please, 
explain.  

3) In your opinion, what are the major problems cardiorenal patients (or people at risk of cardiorenal 
disease) face?   

4) What are the major problems encountered today by the health professionals who deal with this disease? 

5) What do you think are the most important steps for the prevention of disease? 

6) Are you familiar with the term 'patient empowerment'?  

7) How would you envisage empowerment of patients with cardiorenal disease (across the spectrum of 
patients who simply have an increased risk in those who already have heart or kidney disease, up to 
those with a terminal illness or other important comorbidities)? What services would you expect to make 
an impact? Please, elaborate. 

8) If you would change something in the health system towards this direction, what would it be? 

9) Would you promote a service/system empowering patients? How? 

10) If yes, what would you want from such a service/system? 

11) What kind of alerts or alarms would you think as important for the prevention and management of 
chronic cardiorenal disease and comorbidities? 

4.4. Survey Results 

4.4.1. Patients Survey 

There were overall 389 responses by 24 April 2014. The results of these 389 first responses were analyzed 
and are presented in this document. It should be noted that the survey will keep running for a few more 
months and the accumulative results will be reported as an update to this Annex.  

Basic analysis was performed by Microsoft Excel software and more advanced analysis and correlations with 
the IBM SPSS software. Each question was assessed first for overall performance and the results are 
presented in detail (per question) in Annex 1. Here overall results are presented, based on the percentage 
of respondents that agree with each statement (sum of ‘agree’ and ‘fully agree’). 

Overall the distribution of respondents in terms of age and sex are shown in Figure 4. 
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Figure 4. Age and sex distribution of the respondents. 

Figure 5 shows the overall results of the category “Understanding my condition”. The majority of respondents 
report that they are aware of what caused their condition and which symptoms can be attributed to their 
condition. However, less than half report that are aware of new illnesses that may occur due to inefficient 
management of current condition. Even less can recognize new symptoms that may indicate disease 
progression.  

 

 

Figure 5. Overall results of the category “Understanding my condition”. 
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Figure 6 shows the overall results of the category “Getting information on my condition”. A significant majority 
values information on their condition, find it easy to understand and want to receive it regularly. Also, a good 
majority feels able to manage information on disease progression and also feel that they have the 
information they need for to understand and manage their condition. However, slightly less than half feel they 
have information they need to understand disease progression. Also, the slightly more than half feel anxious 
when receiving new information about their disease.  

 

 

Figure 6. Overall results of the category “Getting information on my condition”. 
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Figure 7 shows results of the category “Empowerment vs. Guidance”. The striking majority wants to be fully 
informed and a good majority needs more information in order to commit to therapy and lifestyle changes. 
Howerever, less that half prefer to search for medical information on their own. Also, the striking majority 
prefer to discuss their condition with their doctor, but only about half discuss it with fellow patients. About half 
prefer to rely only on doctor’s knowledge and guidance. The majority prefers their doctor to decide on the 
best treatment, but when alternatives are available the majority prefers to make the final decision.   

 

 

Figure 7. Overall results of selected questions in the category “Empowerment vs. Guidance” 
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Figure 8 shows overall results of the category “Technology and Disease Management”. Only about half of 
respondents use the internet as a source of medical information, and even less than half feel able to 
recognize which internet source provides accurate medical information. However, a good majority would be 
willing to use applications to monitor and manage diet and physical activity, applications that provide medical 
alerts and a single web portal to gather and access vital information about their condition.  

 

Figure 8. Overall results of selected questions in the category “Technology & Disease Management” 
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Statistically significant age differences were found only for 18 statements, presented in Table 14.  

Table 14. Significant differences across ages. 

statement 

26-45 46-65 >66 x
2
(4) 

level of 
significance 

 % %  p< 

Getting information 

I am able to manage information about possible 
progression of my disease. 

37 40,6 22,4 9.890 0.5 

Any new information about my disease confuses 
me. 

26,2 36,4 37,4 15.300 0.1 

It is difficult for me to understand all information 
provided. 

27,7 38,4 33,9 15.896 0.1 

Empowerment 

I want more information to better understand my 
condition and its possible progression. 

35,8 42,7 21,5 18.866 0.1 

I would like to know possible alternative ways of 
managing my condition. 

35,1 42,7 22,2 13.329 0.1 

I feel that I need more information in order to be 
able to commit fully to therapy 

36,8 42,2 20 10.102 0.5 

I would prefer to make the final decision on the 
management of my condition, when there are more 
than one alternative option. 

39,8 41,9 18,3 23.296 .001 

I prefer my doctor to decide the best treatment 
option for me. 

27,5 40,7 31,8 21.333 .001 

I prefer to rely solely on doctor’s knowledge and 
guidance. 

26,4 41,3 32,2 24.055 .001 

I prefer to be fully informed on my condition 34,4 41,8 23.4 12.191 0.1 

Technology and disease management 

I use the internet as a source of medical 
information 

49 40.3 10.3 89.889 .001 

I understand the health information that I find on 
the internet 

50.6 40.3 9.1 89.230 .001 

I feel able to recognize which internet source 
provides accurate medical information. 

53.3 40.1 6.6 86.314 .001 

I feel that information provided on web pages is 
reliable and trustworthy 

48.2 41.8 10 44.886 .001 

I would be interested in a specialised web pages 
where all the vital information for my condition 
could be gathered and accessed. 

39.3 43.6 17.1 38.431 .001 

I am willing to monitor myself and record data on 
my activities (e.g. weight, diet, etc.) in order to 
manage my condition more efficiently. 

37.6 42.4 20 11.474 0.5 

I would be willing to use applications which help me 
monitor and manage diet & physical activity. 

38.8 41.4 19.8 22.046 .001 

I would be willing to use an application that will 
provide alerts regarding my condition and its 
progression. 

36.7 42.4 20.9 13.753 0.5 
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Regarding the category “Getting information”, older participants seem to feel less able to manage the 
information they receive about their disease. In line with this finding, they also seem to report more often 
confused by any new information and in turn, that it is more often difficult for them to manage the new 
information regarding their disease. Regarding the “empowerment” category, it seems that participants from 
the two younger age groups, especially those aged 46-65 years, report more often the need to have more 
information about their condition. For example, a higher percentage declares need for more information 
about their disease so as to understand their condition or to be committed to a therapy. Interestingly enough, 
younger participants do not seem to prefer their doctor to take solely decisions about their therapy. Instead, 
the older participants seem to feel well with this option. Regarding the category on technology, the older 
participants seem to feel unsafe with the new technology as a mean for the better management of their 
disease. On the contrary, significant portions of the other two groups estimate the role of new technology as 
being helpful for the management of their condition. Also, they seem to be willing to monitor themselves and 
record data on their daily activities, to use an application that would help them to manage these daily 
activities (eg. diet) or their physical condition, and to use an application that would provide alerts to them 
regarding their condition and its progression. 

4.4.2. Professionals survey 

The questionnaire was deployed mainly by DUTH and VULSK in the two countries of the intended CARRE 
pilots, Greece and Lithuania respectively by advertisement within the personnel of the affiliated hospitals. 

There were overall 209 responses by 24 April 2014. Basic analysis was performed by Microsoft Excel 
software and more advanced analysis and correlations with the IBM SPSS software. Each question was 
assessed first for overall performance and the results are presented in detail (per question) in Annex 2. Here 
overall results are presented, based on the percentage of respondents that agree with each statement 
(sum of ‘agree’ and ‘fully agree’). 

Overall the distribution of respondents in terms of age and sex are shown in Figure 9. It is apparent that the 
majority of respondents are females, and in the age group of 26-45 years old. 

     

Figure 9. Age and sex distribution of respondents in the professionals’ survey. 

 

Overall a significant majority (92%) of respondents report that they keep up to date with medical knowledge 
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health information on the internet is reliable (Figure 11).   

Finally a significant majority of professionals (76.6%) encourages patients to get involved in decisions about 
their health management; a majority believes that telemonitoring is beneficial both for the professional and 
the patient in disease management (Figure 12). 
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Figure 10.Sources used by professionals to keep up to date with medical knowledge 

 

Figure 11. Professionals’ perceptions on  the use of internet by patients. 

 

Figure 12. Professionals’ perceptions on shared decision and telemonitoring 
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4.4.3. Other stakeholders survey 

Six different interviews were conducted with various stakeholders are positions of leadership and policy 
making in fields related to cardiorenal disease. Summaries of these interviews are presented in Annex 3. 
The persons/roles interviewed are:  

1) Leadership in prevention and treatment of life-style related diseases, President of European Society of 
Lifestyle Medicine 

2) Municipality Council Member – Member of the Committee for Quality of Life 

3) Head of Regional Department of Health, Prefecture  

4) Director, Dialysis Center 

5) Head of Cardiology Clinic, General Regional Hospital 

6) Head of Nurses, Regional General University Hospital 

Overall, all interviewed persons were found to be closely related either to cardiorenal disease or chronic 
disease management. They were familiar with patient empowerment and proponents of such services and 
interventions, although overall they could not report implementation of empowerment services to the desired 
extend. A major problem for patients was unanimously reported to be lifestyle management and increased 
hospital visits, often unnecessary and due to insecurity, arising from lack of proper information and support. 
Likewise, for doctors major problems are how to convince patients to adhere to lifestyle guidelines and how 
to keep them informed so that they visit hospital only when necessary, and immediately when necessary. 
Prevention is a major issue, and most important steps is citizen empowerment for adapting and maintain a 
healthy lifestyle even from childhood. Changing the healthcare paradigm from disease centered to health 
and prevention centered seems to be a common belief. This involves public awareness and also proper 
alerts of when to visit a healthcare  professional.  
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5. Legal Issues: Data Privacy & Security 

5.1. Introduction 

It is well accepted that the practice of health care is extremely information intensive – clinical treatment, as 
well as coverage and payment, depend profoundly on robust, accurate, appropriate, and timely information – 
and that information is a vital component of modern health care systems. The taking of a patient’s history 
has been a core element of the health care encounter since medical practice began, and some form of 
record keeping of encounters between the clinician and patient has been central to providing care, even if in 
ancient times the clinician relied solely on his memory to record such information. Record keeping remains a 
core tenet of health care, although the advent of advanced testing, genetic profiling, and the techniques of 
medical imaging have hugely increased the volume and detail of health information in the past decades. The 
fully integrated, accessible, secure, and searchable EHR is both a vehicle for much needed change in health 
care organization, but it also poses a significant potential threat to privacy in health care, and as a result it is 
important to develop specific ethical and legal frameworks for the protection of privacy in such records. 

Beauchamp and Childress [221], in their textbook Principles of biomedical ethics, which has for many years 
been the touchstone of understanding medical ethics around the world, famously reduce all medical ethics 
into four core principles: 

 Respect for autonomy. Health-care professionals and health care systems should respect the 

decision-making capacities of autonomous persons and enable individuals to make reasoned and 
informed choices.  

 Beneficence. Health-care professionals and health care systems should act in a way that benefits 

the patient, which will require a careful balancing of benefits of treatment against the risks and costs.  

 Non-maleficence. Health-care professionals and health care systems should not harm the patient; 
while accepting that avoiding any treatment may involve some form of harm, such harm should not 
be disproportionate to the benefits of treatment.  

 Justice. Health-care professionals and health care systems should distribute the benefits, risks, and 

costs of health care fairly, so that patients in similar positions may be treated in a similar manner.  If 
these principles are accepted as valid then it is worth considering briefly the way they are applied to 

a respect for privacy in EHRs.   

A respect for health information privacy based in autonomy is perhaps the easiest to understand and the 
most closely related to common human rights concepts. The concept of autonomy is based fundamentally on 
the right of every competent adult to make decisions for him or herself.  

Due to the relevance of data privacy and security using patient’s medical data it is important to analyse the 
main legal documents such as European Union Directive 95/46/EC on protecting of individuals with regard to 
processing of personal data and on free movement of such data and the Directive 2011/24/EU of the 
European Parliament and of the Council of 9 March 2011 on the application of patients’ rights in cross-border 
healthcare. Furthermore, it is important to provide the most common concepts of data protection and privacy 
on an ethical point of view. 

5.2. EU Directive 95/46/EC - the general EU law in the field of the protection of 
personal data 

European Union Directive 95/46/EC on the protection of individuals with regard to processing of personal 
data and on the free movement of such data 

Directive 95/46/EC [222] applies to the processing of personal data when delivering telemedicine services 
and sets the basic principles for the requirements of such data between all the actors involved in a 
telemedicine service. It aims at protecting individuals with regard to the processing of personal data, while 
achieving the free flow of personal data within European Union in the contest of internal market. It lays down 
obligations on data controllers and specifies the rights if data subjects. 
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“Personal data” means any information relating to an identified or identifiable natural person (the “data 
subject”; Art, 2 a) of Directive 95/46/EC). An identifiable person is one who can be identified, directly or 
indirectly, in particular by reference to an identification number or to one more factors specific to his physical, 
psychological, mental, economic, cultural or social identity. This includes the processing of sound and image 
data. 

“Processing of personal data,” means any operation or set of operations which is performed upon personal 

data, whether or not by automatic means, such as collection, recording, organization, storage, adaptation or 
alteration, retrieval, consultation, use, disclosure by transmission, dissemination or otherwise making 
available, alignment or combination, blocking, erasure or destruction (Art. 2 b) of Directive 95/46/EC). 

5.2.1. General principles for the Processing of Personal data 

Use limitation principle (purpose principle): This principle (Art. 6 (1) (b) of the Directive), requires that any 
collection of personal data must for specific, explicit and legitimate purposes and prohibits further processing 
which is incompatible with the original purpose (s) of the collection. 

The data quality principle: This principle in the Directive requires personal data to be relevant and not 
excessive for the purposes for which they are collected. 

Thus, any irrelevant data must NOT be collected and if it has been collected it must be deleted (Art. 6 (1) 
(c)). It is also requires data to be accurate and kept up-to date. 

The retention principle: This principle requires personal data kept for no longer than is necessary for the 
purpose for which the data were collected or further processed. 

Personal data may only be processed if one of the criteria laid down in Art. 7 of the Directive applies, e.g. 
consent of the data subject. 

Information requirements: pursuant to Arts. 10 and 11 of the Directive data controllers processing personal 
data must provide certain information to data subjects, such as information on the identity of the controller, 
on the purposes of the processing, on the recipient of the data and the existence of a right of access.  

Data subject’s right to access: Art. 12 of the Directive provides data subjects with the right to have access to 
his or her personal data, in order to check on the lawfulness, accuracy of the data and to ensure that the 
data are kept up-to-date. 

Security related obligations: Art. 17 of the Directive impose an obligation upon data controllers to implement 
appropriate technical and organizational measures to protect personal data against accidental or unlawful 
destruction or unauthorized disclosure. The measures can be organizational or technical. 

Transfers to third countries: in cases of transfer of data to countries that are not members of the EU or the 
European Economic Area, it may be necessary to take special precautions if the level of data protection in 
the third country is inconsistent with that provided by European law. Without such rules, the high standards 
of data protection established by the Directive would quickly be undermined, given the ease with which data 
can be moved around in international networks. The principle of the Directive is that personal data can only 
be transferred to countries outside the EU and EEA that guarantee an “adequate” level of protection. Where 
a non-EU country does not ensure an adequate level of protection, the Directive requires the blocking of 
specific transfers.    

5.2.2. Special Protection for Personal data related to health 

As the processing of personal data related to health is particularly sensitive, in principle, such data cannot be 
processed (Art. 8 of Directive 95/46/EC). The expression “data concerning health” used in Art. 8(1) must be 
given a wide interpretation so as to include information concerning all aspects, both physical and mental, of 
the health of an individual. Derogation is tolerated under very specific circumstances: limited exemptions to 
this prohibition principle are laid down in the Directive. 

In Article 8 of the Directive a special status refers to all medical and health related information and prohibits 
the processing of health related data unless one of four exceptions is met: 

 Explicit informed consent has been obtained from the data subject (Article 8(2)(a)); or  
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 Data processing is in the vital interests of the patient or of another person who is physically or 

 legally incapable of giving consent (Article 8(2)(c)); or  

 The processing of health data is required for the purposes of preventive medicine, medical 
diagnosis, the provision of care or treatment, or the management of health-care services AND the 
personal data in question are processed by a health professional (Article 8(3)); or  

 There is a substantial public interest in the processing (Article 8(4)).  

5.2.3. The Article 29 Data Protection Working Party 

In order to help Member States interpret their duties under the Directive a data protection working party 
(DPWP) composed of the representatives of the national data protection authorities has been established. Its 
function is to advise the European Commission on the implementation of the Directive in the Member States. 
It is known as the Article 29 Data Protection Working Party and is referred to as the DPWP in this document 
[223]. The working papers of the DPWP have no binding legal authority, but because they represent the 
common understanding of the data protection authorities of the Member States they may be used as 
evidence of common best practice in any litigation. The DPWP considered in some detail the extent to which 
each of the four possible exemptions under Article 8 of the Directive (as listed above) could be applied in the 
context of an EHR: consent, vital interests, care provision, and public interest. The DPWP’s deliberations on 
the role of privacy in EHRs is discussed below in order to provide an example of some of the issues which 
legal policy-makers consider when seeking to balance the competing interests in privacy of EHRs: 

Consent: The DPWP did not see consent as a valid basis for processing data in an EHR. The guidance 
argued that because the creation of a medical record is a necessary and unavoidable consequence of care 
provision, a health professional may be required to process personal data in an EHR, and thus withholding of 
consent may be to the patient’s detriment. If withholding consent could be to a patient’s detriment, then such 
consent would not be freely given as required in Article 8(2)(a). 

Vital interest: The DPWP argued that in the medical context a ‘vital interest’ would have to be for life- saving 
treatment in a context where the patient is not able to express him- or herself. Accordingly they argued that 
this exception could not be used for routine processing of health information in an EHR. 

Health care provision: The full text of Article 8(3) requires that the personal data in question are “required” for 
provision of care and the personal data are processed by a health professional subject “under national law or 
rules established by national competent bodies to the obligation of professional secrecy or by another person 
also subject to an equivalent obligation of secrecy”. The DPWP argued strongly against the use of this 
exemption to legitimate the creation of an EHR, principally because it sees an EHR as giving access to 
medical histories to health-care professionals who were not party to the previous treatment documented in 
the EHR and therefore could not have been considered by the patient when entering into the trusted 
relationship with the primary care. Thus the most common justification of an EHR system – that it improves 
the provision of health care – is not seen as sufficient by the DPWP to legitimate the collection of medical 
data in such a system. 

Substantial public interest: The DPWP notes that since consent, vital interests, and medical care (Article 
8(2)(a) and (3)), would probably not be sufficient to allow an EHR to be established, Member States should 
consider the possibility of adopting special regulations to safeguard privacy in EHR on the basis that an EHR 
is in itself a matter of public interest. Such legal provision would have to provide specific and suitable 
safeguards for the protection of privacy with an EHR system and would have to be duly notified with the 
European Commission [224]. 

The DPWP went on to consider what a legal framework for data protection in an EHR system as provided for 
under Article 8(4) might look like. The DPWP noted that if the safeguards for data privacy in an EHR are well 
drafted, it may be legitimate to offer an opt-out system. They argued that such an opt-out system would 
assume that for general health information a patient has opted-in to the system unless he or she explicitly 
opts-out. The DPWP suggested however, that given that an EHR will contain many different types of 
information such an opt-in/ opt-out system should be incremental – thus a general opt-out might apply, but a 
specific opt-in would be necessary for processing especially sensitive information such as information about 
mental health or sexually transmitted infections. The DPWP also suggested that rules should provide that a 
patient can prevent a particular category of medical professional seeing a particular category of his or her 
data. It did not say whether such suppression of data should be visible on the face of the record, but notes 
the value of the use of the ‘sealed envelope’ technique. 



   
  D.2.1: Domain Analysis & Use Cases 

 

 

FP7-ICT-61140  page 58 of 152 

The DPWP also argued that the rules concerning an EHR should allow only those health-care professionals 
or authorized personnel of health care institutions who are presently involved in the patient’s treatment to 
have access, and that there must be a relationship of actual and current treatment between the patient and 
the health-care professional wanting access to his or her EHR. They suggested that this could be well 
supported by modular access rights, forming categories of medical data in an EHR system to which access 
is limited to specific categories of health-care professionals or institutions. Thus the EHR could contain an 
emergency data set with relatively low access controls while highly sensitive data could be accessible only 
by the treating primary care physician. The DPWP recognized that patients should have access to the data 
held in the EHR, thus the rules for an EHR system must address issues of patient access and should 
consider granting access to patients so that they can add to the record themselves. 

5.3. EU Directive 2011/24/EU - the application of patients’ rights in cross-border 
healthcare 

Directive 2011/24/EU of the European Parliament and of the Council of 9 March 2011 on the application of 
patients’ rights in cross-border healthcare. 

On the basis of the assessment of the current and future extent of cross-border non-hospital care is no 
evidence to suggest that such care will undermine either the financial sustainability of health and social 
security systems overall or the organization, planning and delivery of health services. On that basis, the 
obstacle to free movement represented by a prior authorization requirement for such cross-border non-
hospital care is not justified, and such prior authorization should therefore not be required for non-hospital 
care. However, Member States may have limitations on the choice of provider or other domestic planning 
mechanisms, which are applied domestically, including conditions, criteria of eligibility and regulatory and 
administrative formalities. These may also be applied to cross-border non-hospital healthcare, provided they 
respect internal market freedoms and any such restrictions on access to non-hospital healthcare abroad are 
necessary, proportionate and non-discriminatory.  

Provision of cross-border healthcare does not necessary require either the patient or the professional to 
physically change countries, but may be provided through information and communication technologies – 
this is the mode of supply referred to as 'cross-border provision of services', or "E-health". This is a mode of 
supply of growing importance, but one, which presents specific challenges for ensuring that the different 
information and communication technologies of the health systems of the Member States are compatible (or 
"interoperable"). Widely different and incompatible formats and standards for information and communication 
technologies used in healthcare provision are used throughout the Community, creating both obstacles to 
this mode of cross-border healthcare provision and risks to health protection. It is therefore necessary to 
provide for Community harmonization in this area in order to achieve the interoperability of Member States' 
information and communication technology.  

Although the Commission has been able to estimate the likely extent and nature of cross-border healthcare, 
data on cross-border healthcare is not sufficiently available or comparable to enable long-term assessment 
and management of cross-border healthcare [225]. Such data is vital to be able to monitor cross-border 
healthcare and its impact on health systems overall, in order to ensure that an appropriate balance is struck 
between free provision of health services, a high level of health protection and respecting the responsibilities 
of the Member States for ensuring the overall objectives of their health systems. E-health systems or 
services also enable the provision of cross-border care. This Directive provides for the establishment of a 
network of national authorities responsible for ‘e-health’ with the aim of improving the continuity of care and 
guaranteeing access to high quality healthcare. The interoperability of e-Health solutions should be achieved 
whilst respecting national regulations on the provision of healthcare services adopted in order to protect the 
patient, including legislation on Internet pharmacies, in particular national bans on mail order of prescription-
only medical products to the extent that they are compatible with the case-law of the Court of Justice and 
Directive 97/7/EC of the European Parliament and of the Council of 20 May 1997 on the protection of 
consumers in respect of distance contracts and Directive 2000/31/EC of the European Parliament and of the 
Council of 8 June 2000 on certain legal aspects of information society services, in particular electronic 
commerce, in the Internal Market. 
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5.3.1. Article 14 of Directive 2011/24/EC – eHealth [226] 

1. The Union shall support and facilitate cooperation and the exchange of information among Member 
States working within a voluntary network connecting national authorities responsible for eHealth 
designated by the Member States. 

2. The objectives of the eHealth network shall be to: 

a) work towards delivering sustainable economic and social benefits of European eHealth systems and 
services and interoperable applications, with a view to achieving a high level of trust and security, 
enhancing continuity of care and ensuring access to safe and high-quality healthcare; 

b) draw up guidelines on: 

i. a non-exhaustive list of data that are to be included in patients’ summaries and that can be 
shared between health professionals to enable continuity of care and patient safety across 
borders; and 

ii. effective methods for enabling the use of medical information for public health and research; 

c) support Member States in developing common identification and authentication measures to 
facilitate transferability of data in cross-border healthcare. 

The objectives referred to in points (b) and (c) shall be pursued in due observance of the principles of data 
protection as set out, in particular, in Directives 95/46/EC. 

5.4. Discussion 

In the practice of the protection of privacy in health law, the autonomy of the patient is usually upheld by 
reference to concepts of consent. Thus most legislation on health records includes the requirement to seek a 
patient’s consent before collecting, processing, or sharing health related information. Protecting the privacy 
and security of health information should be a high priority for all countries. However, the subject is complex 
and providing necessary access as well as confidentiality can be difficult in practice. 

Any personal data that the controller needs to process for the purposes of his or her professional activity 
must meet certain levels of quality, and must comply with different principles concerning data collection and 
processing. The data must be collected for specified, explicit, and legitimate purposes. This principle 
requires that, prior to processing personal data, the controller has to define clearly and precisely the 
purpose(s) for which the data are to be processed. Moreover, the processing should be transparent. The 
data controller will, therefore, have to provide the relevant national data supervisory authority and the data 
subject with certain information regarding the processing, and may only process the data for the purposes for 
which it was collected. Thus, a doctor who may share patient identifiable data with another doctor for the 
purposes of treating the patient may share that same information with another healthcare professional for the 
purpose of conducting medical research if that purpose originally was given as one of the final uses of the 
data. It also would apply if this is compatible with the latter (especially if the data subject has given his or her 
consent to the communication) or if appropriate safeguards are met for processing personal data for medical 
research viewed as a scientific purpose (i.e., reasonable steps are taken to hide the true identity of a data 
subject). If the doctor anonymizes the personal data, there is no problem to communicate the anonymous 
data to a third party for scientific purposes, including medical research safe for other special rules in National 
Law (i.e., medical secrecy). Also, they must be processed fairly and lawfully so that if a researcher collects 
data in order to carry out a specified research project, he or she may not collect and process other data that 
are not necessary for that particular study but might be useful at some later date. The controller also must 
ensure the data are kept up-to-date while they are needed, and not kept longer than necessary. 

Data protection law not only gives duties to data controllers, but also rights to data subjects, such as 
patients. Laws in EU countries grant access rights to all data subjects to data held about them, which allows 
them to request specific information about their own personal data; the right to ask for data to be rectified 
when they are incomplete or inaccurate; and, under some conditions, the right to object to the processing. 
On the basis of these duties, most EU countries have introduced legislation that allows patients to access 
their medical records and to demand a rectification of those records. 

Implementing project in Lithuania and Greece, to conduct a biomedical research, firstly the approval to 
conduct research, except for clinical drug trials, must be issued by the Lithuanian Bioethics Committee. 
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Secondly, when health related personal data are going to be used for biomedical research purposes, the 
data may be processed only after notification of the State Data Protection Inspectorate. In this case, the 
State Data Protection Inspectorate must carry out a prior checking. 

In order to obtain the approval to conduct biomedical research, there are main documents which must be 
submitted to the Ethics Committee [227]:  

‒ Request to Grant an Approval to Conduct Biomedical Research. 

‒ Application Form for the Biomedical Research 

‒ Protocol of Biomedical Research and its Summary. 

‒ Subject Information Form and Informed Consent Form. 

‒ Form for Ethical Assessment of Biomedical Research. 

‒ Curriculum vitae of the investigators. 

‒ Copy of the civil responsibility insurance policy of the principal investigator and the sponsor of the 
biomedical research or letter of guarantee of insurance company (except studies on medical 
records and residual biological material). 

‒ Scientific report of biomedical research (if any). 

‒ License for Medical Practice of the Health Care Institution where the biomedical research will be 
carried out. 

‒ Recommendation of the State Health Care Accreditation Agency under the Ministry of Health (if 
biomedical research involves medical device) (Information available in Lithuanian). 

Following the Law on Biomedical Research, the application and documents must be examined and an 
approval must be issued or a reasoned refusal to grant it must be given within 45 calendar days from the 
registration of the documents. The approval is issued only after the payment of all the State fees.When 
health related personal data are going to be used for biomedical research purposes, the data may be 
processed only after notification of the State Data Protection Inspectorate. In this case, the State Data 
Protection Inspectorate must carry out a prior checking. The form for carrying out a prior checking should be 
submitted to the State Data Protection Inspectorate after obtaining an approval from Ethics Committee. An 
approval must be issued within 60 calendar days. 

Informed consent is a common part of the research procedure. An informed consent can be said to have 
been given based upon a clear appreciation and understanding of the facts, implications, and future 
consequences of an action. In order to give informed consent, the individual concerned must have adequate 
reasoning faculties and be in possession of all relevant facts at the time consent is given. Regarding this 
project, there could be an opportunity and a proposition to implement an electronic informed consent through 
Multilingual Personal Health Portal “VivaPort” (https://vivaport.eu/), implemented by Vilnius university 
Hospital Santariškių Klinikos. Vivaport health portal is not only a summary of the personal health record. It is 
also a platform that allows patient to collect self-monitoring data (blood pressure, heart rate, weight, etc.) as 
well as information provided by health care institutions. In addition to this, patient using this portal could sign 
an electronic informed consent which could be a faster and more convenient procedure not only for patients 
but also and for health professionals.  

5.5. Glossary 

This glossary [228] was produced by the Experts Working Group on data protection and privacy and it 
summarizes the major concepts of data protection and privacy on an ethical point of view. It is very important 
to understand the concept in terms of processing patient’s medical data.  

Assent is voluntary permission given by one who is under the age of consent with no legal status. (Minor) 

Capacity and competence to assent varies with age, cognitive development, experience of illness and 
country requirements. Where sensitive information from adolescents is to be collected, (i.e. about sexual 
behaviour, pregnancy, or use of recreational drugs) it must be carefully evaluated if parents or legal 
representatives should be informed. Cultural, social and ethics committee opinions will vary between 
Member States.  

Absolutely no inducement financial or other pressures are allowed to be placed on the investigators, children 

https://vivaport.eu/
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or their parents/guardians to persuade children to participate in research  

Consent and assent must be voluntary and as fully informed as possible and be part of a continuous 
process, not just a signature on a piece of paper at the beginning of a research project. Finally, the 
enrolment strategies for the participants should be explained in language they can understand. 

Data transfer: transmission of data or data support between information systems through any sort of media  

Data privacy: Data privacy involves the right of any individuals to expect that personal information collected 

about them will be processed securely and will not be disseminated in any form without their written consent. 
Furthermore, data privacy must not be subject to "mission creep"

1
.  

Data protection: Data protection consists of a framework of security measures designed to guarantee that 
data are handled in such a manner as to ensure that they are safe from unforeseen, unintended, unwanted 
or malevolent use. Data protection is the technical mechanism to ensure data privacy and it concerns: 

Access to data: who has the right to access each data set?  How is this data accessed? Is access to the 
data properly logged and protected? 

Conservation of the data: where, how and for how long are the data stored and archived? Are the data 
stored raw, anonymized, structured, or encrypted? 

Accuracy: is there adequate de-multiplication and recovery of the data? Are the data properly updated when 
applicable and according to the study protocol? Maintained accurately? Are the data properly preserved 
against potential disaster (data location)?  

Data protection concerns all actions deployed in order to ensure the lawful availability and integrity of the 
data. It also addresses the potential for intended data transfer outside legally defined boundaries that would 
require informed consent and that variability of national regulations for the issue be taken into account.  
Duration of data protection and means of irreversible data removal, if and when intended, should be clearly 
defined in the research protocol and in the participant information sheet.  

Informed Consent: Informed consent is when it can be said with as much certainty as possible that a 

person has freely given consent based upon understanding as far as possible the aims, risks, benefits of the 
protocol and a willingness to perform research obligations.  It is an agreement to do something or to allow 
something to happen, made with complete knowledge of all relevant facts, such as the risks involved or any 
available alternatives. During the informed consent process, it should be indicated who should be contacted 
in case of unexpected events, withdrawal or asking pertinent questions about the research. Refusal to 
participate should involve no penalty or loss of benefits to which the participant is otherwise entitled. 
Evidence of consent needs to be clear and indisputable, for example a signed paper declaration or a certified 
dematerialized document using specific identification processes such as opt-in or electronic certificates and 
signatures must be provided.   

Informed Consent is a voluntary positive agreement by someone of legal age and ability who has understood 
the information, the implications, risks and benefits of the research and willingly agreed to participate. 
Participants are informed that they can withdraw at any time without having to provide a reason knowing that 
their withdrawal will not disadvantage their usual relationship with the investigator or the eventual benefits 
linked to their former participation. 

Applicants should also consider how they will be able to show that the level of information was sufficient to 
allow the particular participants to understand the risks (i.e. to evidence not just their ‘consent’ but their 
‘informed’ consent). The important aspect is that the participant needs to agree that her/his data will be used 
within a specific scope of research and is aware of the meaning of such use. 

The informed consent should include information about how the participant’s privacy and data will be 
protected. (See further in this document) No personal or health record information may be taken or stored 
from the participant without their written informed consent 

Minors, children and vulnerable persons are protected as consent must be asked, and given on their behalf 
by a parent/guardian or legal representative. However, consent being a continuous process in time, such 
consent must not be imposed indefinitely on them and must be re asked, for example for children when their 
reach legal majority.   

                                                     

1
 i.e.the expansion of a project beyond its original goal 
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Except in emergency cases, informed consent must be sought within sufficient time, as the patients or 
healthy volunteers envisaged to participate to the project may wish to think about their decisions and discuss 
it with others. Any pressure to participate should be avoided. Preferably, independent expert(s) should be 
made available for answering questions prior to signing the consent forms and consequently the beginning of 
the intended intervention or enrolment. The level at which this should operate is not fixed, as in so much law 
the issue is one of proportionality to the risks involved and the sensitivity of the data, so applicants may need 
to back up their judgment with the opinions of other experts in ethics and law. 

International Data Transfer: Data processing that entails a data transfer outside the European Economic 

Area. 

Personal Data: consist of information relating to an identified or identifiable person ('data Subject' or 

research participant); An identifiable person is one who can be identified, directly or indirectly, in particular by 
reference to an identification number or to one or more factors specific to his physical appearance, 
physiological, mental, economic, cultural or social identity; 

Processing of personal data' ('processing') consists of any operation or set of operations which is 

performed on personal data, whether or not by automatic means, such as collection, recording, organisation, 
storage, adaptation or alteration, retrieval, consultation, use, disclosure by transmission, dissemination or 
otherwise making available, alignment or combination, blocking, erasure or destruction; 

Privacy is a fundamental part of human dignity. It is the human right to refuse interference by others in one’s 

life: it defines the extent to which others can demand information or make choices binding another. It enables 
individuals to exercise control over the disclosure of their information and over decision-making by them and 
about them.  It is a right that can be claimed by groups of individuals together. Where an individual is 
incapacitated, that individual’s legally authorized representative can safeguard his or her privacy. 

In research, therefore, respect for an individual’s privacy is safeguarded through a number of mechanisms, 
including data protection, and informed consent/assent procedures, enabling individuals to choose whether 
or not to participate in a study and to see the terms under which their involvement is agreed. It is monitored 
by  

 research ethics committees (through scrutiny of research proposals and, sometimes, on-going 
review),  

 by the process of law,  

 and most importantly, by self-protection by the individuals through their awareness of the research. 
 

Private information can be derived from various sources and formats. It may include sensitive information 

like: Health-related records (e.g. patient records, biographic data , medical photographs , diet information, 
hospital information records, biological traits and genetic material); Criminal records or legal justice 
investigations and proceedings; State-related records such as tax fillings; Circulation records such as visas; 
residence or various geographic recordings such as GPS satellite localization recordings; bank record; 
financial transactions records, as well as religious beliefs, sexual orientation, ethnic identification records. 
Equally, it can include more general information about individuals. Usually, data are classified according to 
their level of importance so that users are aware of the type of data that is being collected and protected. If 
private (personal) data are collected, they must be stored in a secure manner and their access protected in 
order to avoid improper disclosure. These processes are called data protection. 

5.5.1. Technical aspects 

‘Anonymisation’, ‘pseudonymisation’ and ‘identifiability’: ‘Anonymous’ often means data which does not 
identify an individual; ‘anonymised’ means data which has been rendered anonymous; ‘pseudonymised’ and 
‘coded’ means data where obvious identifiers (e.g. names and addresses) have been replaced with indirect 
identifiers (e.g. numbers) in the main data set and the indirect identifiers are then held with the obvious 
identifiers in a separate data set (known as the ‘key’).  

However, the concept operating in European data protection law is the ‘identifiability’ of an individual from 
the data. For European data protection law to bind research on personal and sensitive personal data one 
must ask: is the individual identified either immediately from the data or when that data are combined with 
other data in the hands of another person. This combination extends only to reasonably foreseeable linkings 
of data. Therefore, data which is gathered anonymously without any identifiers will be outside the scope of 
European data protection law; data which is pseudonymised or coded will be within the scope of the law as it 
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is possible to reintroduce the two separate data sets and identify individuals; data which was gathered as 
identifiable data and then anonymized is subject to the data protection legislation when it contains 
identifiable data (most importantly at the point of gathering the data, requiring the disclosure by the 
researcher to the research participant of information including the purpose of the processing and contact 
details). 

Authentication: A process of proving the identity of a computer or computer user. For users, it generally 

involves user name, password, and electronic certificates. Computers usually pass a code that identifies that 
they are part of a network. In keeping data privacy it is essential to ensure that the data, transactions, 
communications or documents (electronic or physical) are genuine. It is also important for authenticity to 
validate that both parties involved are who they claim they are. 
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6. CARRE Use Cases 

This section illustrates scenarios of how intended users, i.e. patients and physicians would use the CARRE 
environment for managing chronic cardiorenal disease and comorbidities.  

These were drawn based on the DoW and then on the survey of literature and field survey presented in 
previous sections. These scenarios are intended as a first preparatory phase towards functional requirement 
definition. The scenarios presented here will form the basis for further work which will involve all partners of 
the consortium and is part of Task 2.2 and will be presented in D.2.2. In particular:  

‒ overall context diagram of the system  

‒ formally described use cases 

‒ overall features of the system  

‒ functional requirements  

Here, scenarios will be presented in narrative, non-technical format. Based on these scenarios, use cases 
will be constructed to describe interactions between the user and the system at a technical level.  

6.1. User Types and Characteristics 

Based on the analysis presented in previous sections, CARRE is addressed to a variety of users of the 
following 3 major types:  

1) patients 

2) healthcare professionals 

3) health administration and policy makers  

To the above we should also add system administrators. Each type may have a variety of categories. In 
particular, CARRE user groups are described below:  

 

 

User Group 1: Patient 1 

ID: P1 

Title: (Almost) healthy person at risk of heart or renal disease 

Description: This group mainly includes people with a positive family history of metabolic or cardiovascular 
disease and/or unhealthy lifestyle habits. The person is not considered actually a patient but 
rather a healthy individual with a statistically increased risk of developing a medical condition 
which has the potential to progress into a chronic heart or renal disease. Users in this group 
are not treated specifically for a CARRE related disease. However, they are aware that they 
are at increased risk statistically for developing one or more metabolic diseases relatively to 
the general population. 

Major Goal: Maintain a healthy lifestyle  

Objectives: ‒ understand current condition as presenting risks for future disease  

‒ dietary consultation and lifestyle intervention 

‒ realize what should be monitored, how and how often 

‒ recognition of early symptoms of a related disease 
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User Group: Patient 2 

ID: P2 

Title: A patient already diagnosed with a disease and/or comorbidities that are risk factors for 
chronic heart and/or renal disease 

Description: A patient with a disease that is a risk factor for heart or renal disease – mainly patients with 
metabolic disorders such as diabetes, hypertension, hyperlipidemia. The patient is under 
medical supervision and he is regularly monitored and treated at home. 

Major Goal: Control of the disease for progression and transition 

Objectives: ‒ understand current condition as presenting a risk factor for major complications  

‒ dietary consultation and lifestyle intervention 

‒ educational and possibly psychological interventions 

‒ understand the nature and cause of symptoms 

‒ realize what should be monitored, how and how often 

‒ establish treatment goals 

‒ re-evaluate therapy and treatment goals in case of deterioration or new complications 

‒ recognition of a possible deregulation of the primary disease 

‒ recognition of early symptoms or signs of a possible complication 

‒ adherence to therapy 

‒ other risk factors modification 

‒ hierarchy of the most important risk factors that have to be modified and monitored 

 

 

 

User Group: Patient 3 

ID: P3 

Title: A patient with chronic heart or renal disease 

Description: A patient who has already been diagnosed with a chronic heart or renal disease. He usually 
has one or more comorbidities. He is informed that patients with chronic kidney disease 
constitute a group of patients at high risk for having or developing cardiovascular disease, 
including heart failure and vice versa.He is regularly treated and monitored.  

Major Goal: Maintenance of clinical stability / Prevention of the development of cardiorenal syndrome 

Objectives: ‒ understand current condition as presenting a risk factor for other organ(s) involvement 

‒ recognition of early symptoms or signs of a possible complication and identify early 
symptoms of another other organ involvement 

‒ strict adherence to therapy 

‒ dietary consultation and lifestyle intervention (physical exercise as permitted) 

‒ creation of a self-care routine 

‒ re-evaluate therapy and treatment goals in case of deterioration or new complications 

‒ knowledge of early signs and symptoms of decompensation 

‒ recognition of life-threatening symptoms 
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User Group: Patient 4 

ID: P4 

Title: Cardiorenal patient of types 2, 4 or 5 

Description: A patient with diagnosed renal and heart comorbidity, regularly treated and monitored.  

Major Goal: Prevent from progressing to end stage disease. Physicians’ collaboration/coordination.  

Objectives: ‒ understand current condition as presenting a major health problem 

‒ dietary consultation and lifestyle intervention (physical exercise if permitted) 

‒ nature and cause of symptoms 

‒ realize what should be monitored, how and how often 

‒ creation of a self-care routine 

‒ recognition of early symptoms or signs of possible complications 

‒ educational and psychological interventions 

‒ strict adherence to therapy 

‒ realize possible drug interactions or drug toxicities that may aggravate current condition 

‒ information about cross interactions between the 2 systems (heart and renal) 

‒ modification of the rest of risk factors / identification of the most important and vicious 
ones 

‒ knowledge of early signs and symptoms of decompensation 

‒ recognition of life-threatening symptoms 

‒ awareness of early initiation of renal dialysis 

 

 

 

User Group: Patient 5 

ID: P5 

Title: End stage patient  

Description: Patient at end stage renal disease (ESRD) and/or end stage heart failure (NYHA-IV) 

Major Goal: Prolong life and maintain quality of life 

Objectives: ‒ dietary specific consultation (e.g. salt and fluid consumption) 

‒ lifestyle intervention (physical exercise if permitted) 

‒ strict adherence to therapy 

‒ recognition of early symptoms or signs of possible complications 

‒ educational and psychological interventions 

‒ recognition of life-threatening symptoms 
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User Group: Doctor 1 

ID: D1 

Title: Primary healthcare physician – Family doctor 

Description: ” 

Major Goal: Maintenance of clinical stability / early recognition and referral to a specialist in case of 
deterioration 

Objectives: ‒ explain to patients how to monitor their own care 

‒ inform patients about what community support is available to them 

‒ suggest to patients ways they can manage their condition by reducing or removing 
modifiable risk factors 

‒ identify aids that can help patients with adherence to medicines 

‒ identify the barriers to self-management that patients perceive or experience 

‒ communicate with each other health care givers often (nurses, pharmacists, other doctors) 

‒ increased awareness of renal or heart function impairment in general practice patients 

‒ awareness for early detection of HF/CKD patients’ exacerbations 

 

 

 

User Group: Doctor 2  

ID: D2 

Title: Internist, Cardiologist, Nephrologist 

Description: ” 

Major Goal: To confer an holistic and multidisciplinary therapeutic intervention programme 

Objectives: ‒ realize the complex nature of these patients and compromised outcome 

‒ realize the necessity for cooperation/ multidisciplinary care to meet patients’ needs 

‒ identify resources and networks required to establish or maintain increase interaction 
between generalists and specialists 

‒ development and implementation of individualised management plans 

‒ avoidance of providing contradictory recommendations by different specialists 

‒ organize specific team function and practice systems (e.g., appointments and follow-up) to 
meet the needs of cardiorenal patients) 

‒ develop and implement evidence-based guidelines and support those guidelines providing 
education/ reminders 

‒ ensure that existing structured HF and CKD programs are aligned with recommended best 
practice 
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User Group: Nurse  

ID: N 

Title: Nurse 

Description: ” 

Major Goal: Provide specialised nursing care 

Objectives: ‒ advanced cardiac and renal assessment skills  

‒ application of non-pharmacological strategies  

‒ encouraging patients to be actively involve in managing their own care  

‒ ability to assess functional capacity and quality of life of the patient  

‒ safely provide telephone support/advice to patients  

‒ aware of  limitations and boundaries  

 

 

 

 

 User Group: Administration & Policy Makers 

ID: PM 

Title: Health administration and policy makers 

Description: ” 

Major Goal: Develop policies for more efficient interventions and improved outcome in patients with 
multisystem diseases 

Objectives: ‒ draw on acknowledged requirements of multidisciplinary HF and CKD patients care 

‒ adapt multidisciplinary HF and CKD patients care to local needs and priorities 

‒ integrate in a more patient-oriented  way of services 
‒ develop and execute programmes for public awareness and education  

‒ enhance information systems to facilitate the development of disease registries and 
tracking systems 

‒ monitoring of program outcomes and systems to ensure continuous quality improvement 

‒ have well-developed processes and incentives for making changes in the care delivery 
system when necessary 
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6.2.  Basic Scenarios  

 functional domain use case 

1.  

visualization 

generic model of risk factor and disease interdependence for cardiorenal 
disease and comorbidities 

2.  personalized risk and disease progression pathways 

3.  individual progress based on monitored data 

4.  individual potential progression pathways 

5.  
comparison of personal state with current medical evidence and overall 
statistical views of ‘similar’ patients 

6.  
simulate personalized views of virtual patients (for treatment planning and 
medical education) 

7.  
overall statistical views of CARRE patient, in terms of health status, risk for 
progression, disease management 

8.  
monitor 

biomarkers  

9.  attitude via social media  

10.  personalized 
education 

educational material based on current state and risks  

11.  new medical evidence available 

12.  

personalized planning 

Diet 

13.  physical activity 

14.  
comparison of plans with implied lifestyle, intentions, preferences (as deduced 
from social media) 

15.  

personalized alert 

medical check-ups & monitoring 

16.  increased risk of comorbidities 

17.  increased risk of acute episodes 

18.  need to change diet 

19.  need to change monitoring 

20.  overall change of condition (progression/regression to a new stage)  

 
social support projection of current patient state to ‘similar patients’ in a social environment 
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6.3. Template for use case description 

template for use case description 

ID A unique id for referring to different use cases throughout the project.  

Title An appropriate name for the use case – a short active verb phrase 

e.g. RegisterForCourses 

Goal A brief description of the use case’s role and purpose, that is its goal 

Domain the key functional domain of the Use Case. For CARRE project:  

‒ visualization 

‒ monitor 

‒ planning 

‒ alert 

‒ education 

‒ social support 

Description use case description 

Participants Users as defined above who participate in this use case 

Special 
requirements 

Collects all requirements on the use case, e.g. non-functional reqs, that are not 
considered in the use-case model, but that need to be taken care of during design or 
implementation. 

Pre-conditions A textual description that defines any constraints on the system at the time the use case 
may start. 

Post-conditions A textual description that defines any constraints on the system at the time the use case 
will terminate. 

Flow of events (to be completed after discussions with all partners in T.2.2/D.2.2) 

A textual description (understandable to the customer) of what the system does with 
regard to the use case (not how specific problems are solved by the system). 

‒ basic flow 

‒ alternate flows 

‒ unsuccessful  

Validation (to be completed after discussions with all partners in T.2.2/D.2.2 and further refined in 
T.7.1/D.7.1) 

Methods for validating the use case  
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6.4. Use cases 

ID UC_Mon_02 

Title Attitude via social media 

Goal The goal of this use case is to allow patient to understand the health effects of their 
lifestyle  

Domain Monitor 

Description In this use case users have a personal social media account, update frequently their 
status and their daily activities. An application will monitor user’s health-status, lifestyle, 
and wellness and upload data to CARRE system which will be able to analyze user’s 
lifestyle and medical data. Then the system will support end users with feedback 
supporting text with their personal daily data. 

Participants P1, P2, P3, P4 

Pre-conditions End users must have a social media account. 

End users must input personal information. 

 

Post-conditions Data export which can be used in other use case of our system 

 

ID UC_Vis_04 

Title Personalized risk and disease progression pathways 

Goal The goal of this use case is to allow patient to understand their disease progression 

Domain Visualization 

Description In this use case users need to upload via their monitor devices or enter manual their 
medical data to CARRE system. The system will analyze their medical data and sent a 
visualization feedback to users with their disease progression. 

Participants P1, P2, P3 

Pre-conditions End users must input personal information. 

Post-conditions  

 

ID UC_Vis_05 

Title Individual progress based on monitored data 

Goal The goal of this use case is to allow patient to understand their disease progression 
based on personal monitored data 

Domain Visualization 

Description In this use case users have personal monitor device which collects their medical and 
lifestyle data. Users can upload this data manual or automatic to CARRE system then 
the system will be able to analyze the data and sent a feedback with their disease 
progression.  

Participants P1, P2, P3, P4 

Pre-conditions End users must input personal information. 

End users need to have monitor device. 

 

Post-conditions  
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ID UC_Vis_06 

Title Individual potential progression pathways 

Goal The goal of this use case is to allow patient to understand their disease progression if 
they make some changes 

Domain Visualization 

Description In this use case users insert information about their health status and possible changes 
in their healthcare management to CARRE system. System will be able to analyze all 
upload data and will send a feedback with the potential progression of their disease.   

Participants P1, P2, P3, P4 

Pre-conditions End users must input personal information. 

 

Post-conditions Export data which can be used in other use case of our system 

 

ID UC_Vis_07 

Title Comparison of personal state with current medical evidence and overall statistical views 
of ‘similar’ patients 

Goal The goal of this use case is to allow patient to understand their disease by comparison 
their personal state with current medical evidence. 

Domain Visualization 

Description In this use case users have to upload their health status to the system. System will 
analyze the data and be able to send a feedback with a comparison of personal state 
with current medical evidence or a comparison of overall statistical view of ‘similar’ 
patients.  

Participants P2, P3, P4, D2 

Pre-conditions End users must input personal information. 

 

Post-conditions  

 

ID UC_PE_10 

Title Educational material based on current state and risks 

Goal The goal of this use case is to inform patients about their current health status and their 
risks. 

Domain Personalized Education 

Description In this use case users have to insert medical data to CARRE system and then the 
system will analyze their data and send to them a feedback text with educational 
material base on the individual health state.   

Participants  P1, P2, P3, P4, D1, D2 

Pre-conditions End users must input personal information. 

Post-conditions  
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ID UC_PE_11 

Title New medical evidence available 

Goal The goal of this use case is to inform end users about new medical evidence available 
about their wises  

Domain Personalized Education 

Description In this use case users enter the health condition that they are interested in and the 
system will support end users with a feedback text with the latest available medical 
evidence.   

Participants  P1, P2, P3, P4, D1, D2 

Pre-conditions  

Post-conditions  

 

ID UC_PP_12 

Title Diet 

Goal The goal of this use case is to allow patients to create a personal plan for their diet.  

Domain Personalized Planning 

Description In this use case user can insert data for their diet plan and CARRE system will send 
them a feedback of their plan.  

Participants P1, P2, P3, P4, D1, D2 

Pre-conditions Import data from previous use case  

 UC_Mon_01 

 UC_Mon_02 

End users must input personal information. 

Post-conditions A diet plan is created.  

Data export which can be used in other use case of our system 

 

ID UC_PP_13 

Title Physical Activity 

Goal The goal of this use case is to allow patients to create a personal plan for their physical 
activities  

Domain Personalized Planning 

Description In this use case user can insert their medical data and data for their physical activity 
plan and CARRE system will send them a feedback of physical activity plan according to 
their personal needs. 

Participants P1, P2, P3, D1, D2 

Pre-conditions Import data from previous use case  

 UC_Mon_01 

 UC_Mon_02 

End users must input personal information. 

Post-conditions A physical activity plan is created and can be saved. 

Data export which can be used in other use case of our system. 
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ID UC_PE_14 

Title Comparison of plans with implied lifestyle, intentions, preferences (as deduced from 
social media) 

Goal The goal of this use case is for end users to comparison their plans with implied lifestyle, 
intentions and preferences as deduced from social media. 

Domain Personalized Education 

Description In this use case end users have a social account which includes personal data of their 
lifestyle, their intentions for their day (such as physical activities, places that they would 
like to visit, business meetings etc.) and their preference (such as favorite food, drinks, 
physical activities etc.). System will collect all the data and make a comparison between 
their plans and their daily life. 

Participants  P1, P2, P3, P4 

Pre-conditions Import data from previous use case  

 UC_Mon_02 

 UC_PP_12 

 UC_PP_13 

End users must input personal information. 

 

Post-conditions  

 

ID UC_PA_17 

Title Increased risk of acute episodes 

Goal The goal of this use case is to inform patients that are in increased risk of acute episode 

Domain Personalized Alert 

Description In this use case users insert their medical data via their monitor devices to CARRE 
system. The system analyzes their data and calculates the risks of their health status via 
medical evidence and sends an alert when it is necessary to the user.   

Participants  P3, P4, D2 

Pre-conditions Import data from previous use case  

 UC_Mon_01 

 UC_Mon_02 

 UC_Vis_04 

 UC_Vis_05 

 UC_PP_12 

 UC_PP_13 

End users must input personal information. 

Post-conditions  
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ID UC_PA_18 

Title Need to change diet 

Goal The goal of this use case is to inform patients to make the necessary and appropriate 
diet changes in order to reduce the risk of their disease 

Domain Personalized Alert 

Description In this use case the users insert their diet data to CARRE system as well as their health 
status. The system will be able to analyze their personal data and send an alert when 
diet has to change in order to reduce or prevent the risks of their disease.  

Participants P1, P2, P3, P4, D1, D2 

Pre-conditions Import data from previous use case  

 UC_Mon_01 

 UC_Mon_02 

 UC_Vis_04 

 UC_Vis_06 

 UC_PP_12 

 UC_PP_13 

End users must input personal information. 

Post-conditions  
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1. Patients Survey Design 

1.1. Goal 

The aim of this survey is to help identify user perceptions of the major CARRE user group, namely patient 
(including healthy individuals at risk as well as their carers). 

1.2. Outline of Survey Methodology 

The survey was designed via the following approach: 

‒ Define the goal of the survey.  

‒ Literature review of the domain (presented in Sections 2 and 3 of this Deliverable). 

‒ Identify research goals, i.e. specific research questions that will be addressed via the survey.  

‒ Discuss research questions with a small number of intended survey participants, via semi-structured 
interviews with the aim to capture their overall response in order to identify specific survey questions.  

‒ Compile a first draft of the questionnaire (survey instrument). 

‒ Validate the draft questionnaire (content validation) via administering it to a group of 25 subjects  

‒ Revise the questionnaire. 

‒ Deploy questionnaire  

‒ Process results   

1.3. Research Questions 

Overall research aims and research question topics were determined based on the area and needs of the 
project and following the outcomes of field survey as presented in Sections 2 & 3 of this deliverable. 

Research questions to investigate the patient perspective are grouped along the following axes:  

‒ How do patients perceive empowerment (in terms of their health condition management)? Are they 
willing to be empowered or prefer to be guided? 

‒ Do patients understand their condition; are they willing to be informed about it and what information 
would like to have?   

‒ Are patients willing and able to be engaged with ICT intervention that will enhance their knowledge 
and empower them? 

‒ At what extend are patients willing to be monitored so that information gathered can be used to 
personalized empowerment and educational interventions. 

1.4. Questionnaire Design & Validation 

This survey aims to identify self-reported attitudes, perceived environments and behaviours. Self-reporting 
can be implemented by interviews, questionnaires (closed ended surveys) and diaries (semi-structured data 
collection on events, emotions, etc.). The most common measurement tool is a questionnaire, as it is cheap 
and easy to distribute and analyse, and appropriate to measure concepts (beliefs, attitudes, perceptions).  

To the best of our knowledge, there no specific survey instrument available for the purposes of identifying 
user perceptions in the domain of cardiorenal comorbidities patient empowerement. Thus we decided to 
desing a new questionnaire. This took into account elements from relevelant instruments. In particular, the 
Questionnaire for Patient Empowerement Measurement, recently developed in the SUSTAINS FP7-ICT-
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PSP-297206 project
2
. These elements where used to identify major topics which then were complemented 

with specific issues as raised by CARRE potential users via semi-structured interviews.   

1.4.1. Semi-structured Pilot Interviews 

Semi-structured interviews were conducted with 5 patients and 1 nurse in order to identify issues of concern 
(which then will be used to formulate survey questions). The interview was centred on the following research 
questions:  

‒ how do patients perceive empowerment; 

‒ are patients willing to be empowered or prefer to be guided; 

‒ do patients understand their condition; 

‒ are they willing to be informed about their condition and what information they want; 

‒ are patients willing to engage with ICT applications;  

‒ are patients willing to be monitored and at what extend.  

Summaries of each interview are presented in the following paragraphs. 

Interview #01 

Subject: 51 year old male – industrial worker 

Condition: Diabetes type 1. Acute onset 8 years ago, after emotional stress. 

Summary of interview: Panicked at the condition onset, but then accepted his condition, mainly due to his 
interaction with physicians. Emphasizes personal interaction and communication with physician. Capitalizes 
on trusting the physician. Welcomes full control and guidance by the physician. Following therapy and diet 
does not seem a problem, apart from practical issues (e.g. no help in preparing the right meals). Received 
what he perceives as extensive and accurate information from his physicians. However, he feels that he 
does not understand a lot of terms, e.g. what is type I vs. type II diabetes.  Uses mobile phone and 
occasionally the internet. Would accept remote monitoring if this means continual observation by a physician 
and alerts. If he could do one thing for people in his condition: would organize seminars in every part of the 
country for patients to attend and learn more on their condition.  

Issues derived from the interview: 

‒ paternalistic approach vs. empowerment  

‒ self-awareness of knowledge attained  

‒ information on medical issues  

‒ information on practical issues  

‒ communication with physician  

‒ monitoring: fear, acceptance 

‒ degree of technology uptake   

 

Interview #02  

Subject: 53 year old male, computer technician 

Condition: Metabolic syndrome. Gradual deterioration 3-4 years ago, last 1,5 years on medication. 

Summary of interview: Stressed over the condition, seems rather hopeless that he or his physician can 
manage it. Searches for information on the internet, finds is easy to understand . Would prefer to learn and 
be empowered via personal stories and cases, but would not engage in social media. Finds it rather difficult 
to follow recommended diet (change of lifestyle). Finds it necessary (but difficult) to find information on 

                                                     

2
  D.3.2 1.0 Questionnaire for Patient Empowerment Assessment, January 2013, SUSTAINS EC ICT-PSP-297206 

project, http://www.sustainsproject.eu/publicdocuments/ Retrieved March 12, 2014 

http://www.sustainsproject.eu/publicdocuments/
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medical experts to consult about comorbidities (e.g. hepatologist for fatty liver infiltration). If he could do one 
thing for people in his condition: provide information on related medical specialties and experts, provide more 
information on understanding and micromanagement of symptoms, in general provide more information    

Issues derived from the interview: 

‒ ease of conformance to therapy and lifestyle change management (diet, physical exercise)  

‒ awareness of comorbidities 

‒ information on medical specialties for comorbidity management  

‒ information on similar cases/patients  

‒ social media engagement  

 

Interview #03 

Subject: 68 year old male 

Condition: Chronic kidney disease. Onset of renal deficiency 35 years ago after ischemic stroke episode. 
Last 15 years on haemodialysis at medical centre. 

Summary of interview: At disease onset, fear and anxiety for the condition and lack of acceptance. Values 
communication with physician. Searches occasionally for information, mainly via leaflets found in physician’s 
waiting rooms and less often on the internet. However, mainly fears knowledge. He dislikes social groups 
and support therein. If he could do one thing for people in his condition: make sure all have regular 
monitoring and check-ups.  

Issues derived from the interview: 

‒ fear of the unknown 

‒ fear of knowledge  

‒ social support  

‒ regular monitoring and check up 

 

Interview #04  

Subject: 70 year old female  

Condition: hypertensive for 10 years, 2 last years with renal deficiency, 1 last month on haemodialysis  

Summary of interview: Attributes greatly her deteriorated condition on lack of knowledge and excessive 
stress. She feels she lacks knowledge of her condition and the medical terms related to it, however she also 
feels that knowing more might be difficult to handle and stressful. If she could do one thing for people in her 
condition: inform them.  

Issues derived from the interview: 

‒ lack of knowledge 

‒ fear of knowing 

‒ stress as a contributing factor 

 

Interview #05  

Subject: 51 year male, diabetic for the last 23 years, last 4 years renal deficiency  

Summary of interview: Family history of diabetes. Attributes deterioration to uncontrolled hypoglycaemic 
episodes. He actively searched for medical information on the internet. Would prefer if this information could 
be sent to him in his mobile. He tries to attend medical seminars; he considers them very helpful, but he 
finds medical terminology somewhat confusing and difficult to understand. If he could do one thing for people 
in his condition: provide better hospital treatment and more communication/interaction with the physician.  
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Interview #06 

Subject: nurse, female, working for 29 years in internal medicine clinic, 7 last years head of nephrology clinic 

Condition: not a patient, but a healthcare worker  

Summary of interview: Believes that it is crucial for the patient to have continuous information. Especially on 
what lies ahead, what could be the progression of the condition, so that the patient does not relax and so 
that they adhere to therapy and lifestyle management guidelines. Adherence to diet is difficult for patients, it 
would be good to have a way to suggest alternative foods (of same dietary value). Patients most often are 
eager to learn more about their condition. However usually they do not have a complete understanding of the 
disease details and therapy alternatives. Patients casually ask other patients for information. If she could do 
one thing for people in this condition: inform patients about risk factors and lifestyle management.  

Issues derived from the interview:  

‒ information on disease progress 

‒ information on risk factors  

‒ information on lifestyle 

‒ sharing experiences amongst patients  

 

Overall issues derived collectively from all interviews:  

‒ paternalistic approach vs. empowerment  

‒ self-awareness of knowledge attained  

‒ awareness of comorbidities 

‒ information on medical condition  

‒ information on disease progress 

‒ information on practical issues  

‒ information on medical specialties for comorbidity management  

‒ information on similar cases/patients  

‒ information on risk factors  

‒ information on lifestyle 

‒ fear of the unknown 

‒ fear of knowledge  

‒ monitoring: fear, acceptance 

‒ communication with physician  

‒ degree of technology uptake   

‒ social support & social media engagement 

1.4.2. Questionnaire Draft Composition 

Based on the research questions as well as on the issues of concern as identified by interviews, we 
developed a first darft of 36 questions. These are presented below, grouped in categories corresponding to 
the initial research questions (RQ) of our survey.  

The questions were phrased as statements, each one referring to a 5-point Likert scale
3
 of: 1: fully disagree, 

2: disagree, 3:neither agree or disagree, 4: agree, 5: fully agree.  

                                                     

3
  Likert R. (1932). "A Technique for the Measurement of Attitudes". Archives of Psychology 140: 1–55. 
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RQ1: Do patients understand their condition? 

1. I am aware of what may have caused my current condition. 

2. I know which symptoms I currently experience are due to my disease 

3. I can recognize new symptoms that may indicate disease progression.  

4. I am aware of other illnesses that may occur due to inefficient management of my current health 
condition. 

 

RQ2: Are patients satisfied by the information provided to them?  

5. I have all information I need to understand my current condition.  

6. I have all the information I need in order to manage my disease in everyday life. 

7. I have all information I need to understand possible disease progression. 

8. My physician/nurse provides me with enough information on how to reduce the risk of future 
complications.  

9. I believe that better knowledge of my disease would be very beneficial for better management of my 
condition.  

 

RQ3: Can patients cope with information on their condition? 

10. I am able to manage information about possible progression of my disease  

11. Any new information about my disease makes me feel anxious  

12. Any new information about my disease confuses me  

13. It is difficult for me to understand all information provided  

14. I want to receive new information about my condition regularly 

 

RQ4: How do patients perceive empowerment: Are patients willing to be empowered or prefer to be 
guided? 

15. I prefer to search for medical information on my own  

16. I usually discuss my condition with other fellow patients. 

17. I want more information to better understand my condition and its possible progression.  

18. I want more information to better manage my condition  

19. I would like to know possible alternative ways of managing my condition  

20. I feel that I need more information in order to be able to commit fully to therapy  

21. I feel that I need more information in order to be able to commit fully to required lifestyle changes. 

22. I would prefer to make the final decision on the management of my condition, when there are more than 
one alternative option. 

23. I prefer my doctor to decide the best treatment option for me 

24. I would like to discuss treatment goals, potential implications and disease progression with my doctor 

25. I prefer to rely solely on doctor’s knowledge and guidance 

26. I prefer to be fully informed on my condition 
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RQ5: Are patients willing and able to be engaged with ICT intervention that will enhance their 
knowledge and empower them? 

27. I use the internet as a source of medical information 

28. I understand the health information that I find on the internet 

29. I feel able to recognize which internet source provides accurate medical information 

30. I feel that information provided on authoritative internet platforms is reliable and trustworthy 

31. I would be interested in a specialised internet platform where all the vital information for my condition 
could be gathered and accessed 

32. I am willing to monitor myself and record data on my activities (e.g. weight, diet, etc.) when this is 
recommended to me by health care providers 

33. I am willing to monitor myself and record data on my activities (e.g. weight, diet, etc.) in order to manage 
my condition more efficiently 

34. I would be willing to use applications which help me monitor and manage diet & physical activity. 

35. I would be willing to use an application that will provide alerts regarding my condition and its progression 

36. I feel that my condition needs closer monitoring than currently suggested by my healthcare provider. 

1.4.3. Questionnaire Validation 

Major types of validity include
4
:  

‒ Content validity: extent to which the questionnaire measures the concept of interest. Content validity can 
be deduced from three different sources

5
: literature, representatives of the target population and experts. 

Determining content validity is rather subjective, as there is no complete objective method of calculating 
it.  

‒ Criterion validity: how well a score predicts an outcome. This type of validity refers to scores of an 
instrument and how well these predict an outcome as compared to previous instruments – 

‒ Construct validity: how well a scale correlates with similar constructs. Construct validity is demonstrated 
by the ability of questionnaire to support predictions made from theoretical framework. 

Each type of validity is distinct, meaning that a questionnaire can have one kind of validity but not another 
and can can only be validated for x patient population, under y conditions, and so forth. As the purpose of 
our survey is to to derive information that will help identift functional requirements for CARRE project, rather 
than calculate quantitatively an outcome, content validity is the most appropriate and required to be checked.  

Content validity was measured by administering the questionnaire to a pilot population and asking the raters 
to report back on the relevance of each instrument item. For each item, three different criteria were 
assessed: relevance, clarity and simplicity

6
. Also, the subjects were asked to provide an overall assessment 

of the questionnaire in terms of its relevance, clarity of content, simplicity in terms of phrasing and 
experience of completing it. The questionnaire was validated separately in two different languages, Greek 
and Lithuanian, representing the two different population groups were the pilots of CARRE will be 
demonstrated. The Greek version of the questionnaire was validated by group of 26 people, while the 
Lithuanian version of the questionnaire was validated by a group of 25 people. The Validation Sheet (English 
translation) is reproduced in the end of this Annex. 

To measure content validity we used the content validity ratio (CVR)
7
, defined as: 

                                                     

4
  Rattray J., Jones MC, Essential elements of questionnaire design and development, Journal of Clinical Nursing, 

16:234-243, 2007. 
5
  Burns N, Grove SK. The practice of nursingresearch conduct,critique, and utilization. 2nd ed. Philadelphia: WB 

Saunders Company;1993 
6
  Yaghamale F., Content validity and its estimation, Journal of Medical Education, vol. 3(1), 25-27, 2003 

7
  Lawshe C.H., A Quantitative approach to content validity, Personnel Psychology INC., 1975.  
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where: 

 ne = number of pilot group members indicating an item (i.e. question) is "essential", 

 N = total number of pilot group members. 

The CVR can range from a value of –1 to +1 for a particular item, with higher scores indicating greater 
content validity for the item. A CVR of 0 indicates that half of the pilot group members rated the item as 
essential. Any positive value indicates that more than half of the SMEs rated the item as essential. Items that 
are deemed to have too low CVR values should be deleted from the test before administration. The minimum 
(threshold) CVR value required for an item to be retained depends on the total number of pilot group 
members (one tailed test, p=0.05)

8
. Thus, in case of a pilot group of 25 subjects (either of the validation 

groups) this CVR threshold is 0.37. 

Overall, the time to complete the Greek version was reported 9.08 ± 3.25 min, and for completed the 
Lithuanian version 18.32± 4.95 min.   

The validation results are shown in the following graphs that present overall CVRs and also individual item 
CVRs for either language version of the questionnaire.  

CVRs were calculated considering as essential the sum of answers corresponding to the two positive 
alternative answers, i.e. the sum of respondents who chose “very relevant/clear/simple” plus those who 
chose “relevant/clear/simple but some revision required”.  

The overall rating of the Greek questionnaire is shown in Figure 13 and of the Lithuanian questionnaire in 
Figure 14. All categories scored well above the threshold for the Greek questionnaire. In the Lithuanian 
validation, “simplicity” scored under the threshold, probably indicating a not so good translation of the 
questions in the Lithuanian language.  

 

Figure 13. Overall rating of the Greek Patient Questionnaire 

                                                     

8
  Lawshe C.H., A Quantitative approach to content validity, Personnel Psychology INC., 1975 
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Figure 14. Overall rating of the Lithuanian Patient Questionnaire 

More detailed analysis involved calculating the CVR for each individual item on the questionnaire for all three 
qualities measured, i.e. relevance, clarity and simplicity. Results for relevance with resperct to the aim of the 
survey are presented in Figure 15, for clarity of content in Figure 16, and for simplicity in terms of phrasing in 
Figure 17. 

 

 

Figure 15. CVRs for relevance per question for patient questionnaire. 
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Figure 16. CVRs for clarity per question for patient questionnaire 

 

 

Figure 17. CVRs for clarity per question for patient questionnaire 
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Overall, most questions were rated above the threshold for all 3 qualities. Any exceptions of poor rating were 
recorded and appropriate actions were taken as presented in Table 15.  

 

Table 15. Poorly rated questions and actions taken 

Question Rating  Actions taken 

I am aware of other illnesses that 
may occur due to inefficient 
management of my current health 
condition 

Rated just below the threshold for 
all 3 qualities only in the Greek 

The text was rephrased in the 
Greek version – no changes in the 
Lithuanian or English version 

I would be interested in a 
specialised internet platform 
where all the vital information for 
my condition could be gathered 
and accessed. 

Rated below the threshold for 
clarity only in the Greek 
questionnaire 

The text was rephrased.( the term 
“internet platform” was substituted 
with a more informal term “web 
page”) 

I am willing to monitor myself and 
record data on my activities (e.g. 
weight, diet, etc.) when this is 
recommended to me by health 
care providers 

Rated very poorly in all 3 qualities 
in both Greek and Lithuanian 
versions 

Deleted from the final 
questionnaire  

All questions in group “technology 
and disease management” apart 
from the one above 

Rated below the threshold in 
relevance only in the Lithuanian 
questionnaire   

No actions taken. This was due to 
the fact that in this pilot the 
monitoring aspect of CARRE was 
not efficiently explained prior to 
validation 

   

 

 

Thus, the final questionnaire retained 35 of the initial questions, with 2 of them improved in terms of 
phrasing. In addition to these questions a section on personal information was added, including questions on 
age, gender, country of residence, overview of health condition and access to internet. Thus, in the final 
questionnaire there are It consists of 5 sections which are: 

1. Personal Information (7 questions) 

2. Understanding my condition (4 questions) 

3. Getting information on my condition (10 questions) 

4. Empowerment or Guidance? (12 questions) 

5. Technology and disease management (9 questions) 

All four questions of the group on “Understanding my condition” which aim to probe patient’s perceived 
ability/knowledge were supplemented by additional open ended subquestions so as to have a measure of 
the perceived vs. real personal ability. In particular:  

1. Question: I am aware of what may have caused my current condition.  

Supplement: Please list all you think that may have caused your current condition 

2. Question: I know which symptoms I currently experience are due to my disease. 

Supplement: Please list all you know: 

3. Question: I can recognize new symptoms that may indicate disease progression 

Supplement: Please, list which ones: 

4. Question I am aware of other illnesses that may occur due to inefficient management of my current 
health condition. 
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Supplement: Please, list all you know: 

1.4.4. Questionnaire Deployment  

The final questionnaire was deployed primarily in the two countries of the intended CARRE pilots in their 
native language. Deployment was via printed questionnaires handed out to patients in hospital waiting 
rooms, as well as via electronic versions of the questionnaires available on-line.  

The printed questionnaires were handed out to patients in hospital waiting rooms in two different hospitals:  

‒ General Regional Hospital of Kavala, Kavala, Greece  

‒ Vilnius University Hospital Santariskių Klinikos, Vilnius, Lithuania  

Before administering the questionnaires, in both hospitals the appropriate ethics approvals were obtained: 
Kavala: prot. no: 56/7.4.2014, Vilnius: prot. no 14VR-3165/2014-03-18.  

The questionnaires were also made available on-line. The on-line versions were developed in the 
GoogleDocs web platform and are available at:  

‒ Greek online version : 

https://docs.google.com/forms/d/1tf1vMukKlq46YZ6Oux_Weq5BgsI2ltStMZsI42Umb14/viewform 

‒ Lithuanian online version : 

https://docs.google.com/forms/d/1ZXPAlWC3ktbvuP4IVmdnyRLE1kLOXSY9U093IsAuGMU/viewform 

‒ English online version : 

https://docs.google.com/forms/d/1NG9KV6niyqG1B08cQQpEMGu9igDi0C5CLKVIxupOR00/viewform 

The on-line versions of the survey were advertised via the CARRE project homepage and via the twitter and 

facebook project pages.  

2. Survey Results and Analysis 

There were overall 389 responses by 24 April 2014. The results of these 389 first responses were analyzed 

and are presented in this document. It should be noted that the survey will keep running for a few more 

months and the accumulative results will be reported as an update to this Annex.  

Basic analysis was performed by Microsoft Excel software and more advanced analysis and correlations with 

the IBM SPSS software. The remaining of this section presents the detailed responses for each question 

individually. The following section presents more advanced analysis of the results.  

Each question was assessed first for overall performance and the results are presented below (as %). 

https://docs.google.com/forms/d/1tf1vMukKlq46YZ6Oux_Weq5BgsI2ltStMZsI42Umb14/viewform
https://docs.google.com/forms/d/1ZXPAlWC3ktbvuP4IVmdnyRLE1kLOXSY9U093IsAuGMU/viewform
https://docs.google.com/forms/d/1NG9KV6niyqG1B08cQQpEMGu9igDi0C5CLKVIxupOR00/viewform
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2.1. Age 

  
Frequency Percent 

Cumulative 
Percent 

Age 

less than 18 2 .5 .5 

18-25 23 5.9 6.4 

26-45 123 31.6 38.0 

46-65 149 38.3 76.3 

Above 66 92 23.7 100.0 

Total 389 100.0 
 

The majority of respondents (62) were above 46 years of age.  

2.2. Country of Residence 

 

Frequency Percent 

Cumulati
ve 

Percent 

Country of Residence 

Denmark 1 .3 .3 

Germany 1 .3 .5 

Greece 273 70.2 70.7 

Lithuania 111 28.5 99.2 

Turkey 2 .5 99.7 

UK 1 .3 100.0 

Total 389 100.0 
 

As expected by survey desing, the largest proportion of respondents come from the two countries of CARRE 
pilot demonstrations, namely Greece (70.2%) and Lithuania (28.5%).  
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2.3. Gender 

 

Frequency 
 

Percent 
% 

Cumulative 
Percent 

Gender 

Male 167 42.9 42.9 

Female 222 57.1 100.0 

Total 389 100.0 
 

Almost the same percentage of men and women answered the questions in the questionnaire and indicates 
the sample is representative of the general population. 

2.4. Health conditions currently being monitored or treated for 

 

 

increased body weight 167 43% 

increased blood pressure (hypertension) 201 52% 

increased blood glucose (diabetes) 118 30% 

increased blood cholesterol 137 35% 

kidney disease 136 35% 

heart disease 115 30% 

other 62 16% 

Nothing (i.e. healthy) 19 5% 

The increased blood pressure (hypertension) and increased body weight were the most common conditions 
present in the survey participants. Also, a good number of respondents reported all other major conditions 
related to cardiorenal disease, thus ensuring a good representation of all patient groups in the survey. 
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2.5.  Internet access 

  Frequency Percent 
Cumulative 

Percent 

Do you have 
internet access? 

Daily at home and/or work 215 55.3 55.3 

Only occasionally 71 18.3 73.5 

Not at all 103 26.5 100.0 

Total 389 100.0 
 

The majority of responders have internet access. However there is a considerable proportion (26.5%) who do not have 
internet access. Futher analysis is required t to show if this population has a strong correlation with age or disease stage.  

2.6. Biomarkers currently monitored  

 
 

Which of the following have you monitored 

 

body weight 312 80% 

blood pressure  292 75% 

heart rhythm 185 48% 

blood glucose 123 32% 

other 45 12% 

Nothing 8 2% 

Body weight and blood pressure are the most commonly monitored biomarkers followed by heart thythm 
and blood glucose. 
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2.7. Use of telemonitoring  

  Frequency Percent 

Cumul
ative 

Percen
t 

Have you ever used telemonitoring devices? 

 

Yes 113 29.0 29.0 

No 249 64.0 93.1 

Don't know 27 6.9 100.0 

Total 389 100.0 
 

The majority of respondents (64%) have not used telemonitoring services at all, while a 29% have used telemonitoring 
before. 

2.8.  What may have caused my current condition 

  Frequency Percent 
Cumulative 

Percent 

I am aware of what may have 
caused my current condition. 

fully disagree 62 15.9 15.9 

disagree 19 4.9 20.8 

neither agree or disagree 48 12.3 33.2 

agree 148 38.0 71.2 

fully agree 112 28.8 100.0 

Total 389 100.0 
 

The majority of respondents (66.8%) report that they are aware of what caused their condition. Further analysis in the 
subsequent section will concentrate on how this agrees with what they state as causes of their condition (as rated by a 
medical expert).  
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2.9. I know which symptoms I currently experience are due to my disease. 

  Frequency Percent 
Cumulative 

Percent 

I know which symptoms I 
currently experience are 

due to my disease. 

fully disagree 60 15.4 15.4 

disagree 17 4.4 19.8 

neither agree or disagree 56 14.4 34.2 

agree 169 43.4 77.6 

fully agree 87 22.4 100.0 

Total 389 100.0 
 

The majority of respondents (65.8%) report that can identify which symptoms they currently experience are due to their 
disease. Further analysis in the subsequent section will concentrate on how this agrees with what they state as 
currently symptoms related to their disease (as rated by a medical expert). 

2.10. I can recognize new symptoms that may indicate disease progression. 

  Frequency Percent 
Cumulative 

Percent 

I can recognize new symptoms 
that may indicate disease 

progression. 

fully disagree 94 24.2 24.2 

disagree 38 9.8 33.9 

neither agree or disagree 118 30.3 64.3 

agree 95 24.4 88.7 

fully agree 44 11.3 100.0 

Total 389 100.0 
 

It is interesting to note that contrary to the previous two questions where the majority of respondents showed 
confidence in their knowledge of their current condition, here only one third show confindence in identifying possible 
disease progression. Another 1/3 are not able to recognize symptoms that indicate disease progression, and the last 
1/3 are unsure.  
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2.11. I am aware of other disease that may occur due to current condition 

 Frequency Percent 
Cumulative 

Percent 

I am aware of other illnesses 
that may occur due to 

inefficient management of my 
current health condition. 

fully disagree 92 23.7 23.8 

disagree 36 9.3 33.1 

neither agree or disagree 91 23.4 56.6 

agree 101 26.0 82.7 

fully agree 67 17.2 100.0 

Missing 2 .5 
 

Total 389 100.0 
 

A good number of respondents (43.2%) are aware of other illnesses that may occur due to inefficient 
management of their current health condition, while 1/3 report that they have no such knowledge.  

2.12. I have all information I need to understand my current condition.  

  
Frequen

cy Percent 

Cumulati
ve 

Percent 

I have all information I need to 
understand possible disease 

progression. 

 

fully disagree 23 5.9 5.9 

disagree 50 12.9 18.8 

neither agree or disagree 77 19.8 38.6 

agree 132 33.9 72.5 

fully agree 107 27.5 100.0 

Total 389 100.0 
 

The majoriy of respondents (61.4%) report that they have adequate information in order to understand 
possible disease progression. 
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2.13. I have all the information I need in order to manage my disease in everyday life. 

  
Freque

ncy Percent 
Cumulative 

Percent 

I have all the information I need in 
order to manage my disease in 

everyday life. 

fully disagree 13 3.3 3.4 

disagree 50 12.9 16.3 

neither agree or disagree 83 21.3 37.7 

agree 136 35.0 72.9 

fully agree 105 27.0 100.0 

Missing 2 .5 
 

Total 389 100.0 
 

The majority of respondents fell that they have all information they need to manage their condition. Only 16.6% feel that 
they do not have such information. 

2.14. Tell us who provides this information 

 
 frequency percentage 

Tell us who provides this information 
(check only the major sources of information) 

nurse 88 22.6 
doctor 325 89.9 
other patients 83 21.3 

family 94 24.1 

friends 66 16.9 

books & leaflets 116 29.8 

internet 173 44.5 

other 14 3.6 

The striking majority of 89.9% get information from their doctor; 2nd most used source of information is the 
internet, followed by books and leaflets. Family, other patients & friends are consulted at about 24-16%.   
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2.15. I have all information I need to understand possible disease progression. 

  
 

Frequency Percent 
Cumulative 

Percent 

I have all information I need to understand 
possible disease progression. 

fully disagree 36 9.3 9.3 

disagree 69 17.7 27.1 

neither agree or 
disagree 

108 27.8 55.0 

agree 113 29.0 84.2 

fully agree 61 15.7 100.0 

Missing 2 .5 
 

Total 389 100.0 
 

44.7% of respondents have all information they need to understand possible disease progression, 27.8% 
neither agree or disagree and 27% they haven’t all this information. In this question were 2 missing values 

 

2.16. My physician provides me with information on how to reduce the risk.  

  Frequency 
Perce

nt 
Cumulativ
e Percent 

My physician/nurse provides me with 
enough information on how to reduce 

the risk of future complications. 

fully disagree 16 4.1 4.1 

disagree 32 8.2 12.3 

neither agree or disagree 77 19.8 32.1 

agree 149 38.3 70.4 

fully agree 115 29.6 100.0 

Total 389 100.0 
 

67.9% responded that their healthc care professional provides necessary information on how to reduce risk of future 
complications. 
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2.17. I believe that better knowledge of my disease would be beneficial. 

  Frequency Percent 
Cumulativ
e Percent 

I believe that better knowledge of my 
disease would be very beneficial for 
better management of my condition. 

fully disagree 7 1.8 1.8 

disagree 9 2.3 4.1 

neither agree or disagree 46 11.8 16.0 

agree 154 39.6 55.8 

fully agree 171 44.0 100.0 

Missing 2 .5 
 

Total 389 100.0 
 

A high majority of 83.6% believe that better knowledge of their condition would be beneficial.  

2.18. I am able to manage information about possible progression of my disease. 

  Frequency Percent 
Cumulativ
e Percent 

I am able to manage information about 
possible progression of my disease. 

fully disagree 11 2.8 2.8 

disagree 10 2.6 5.4 

neither agree or disagree 68 17.5 22.9 

agree 170 43.7 66.6 

fully agree 130 33.4 100.0 

Total 389 100.0 
 

Most of respondents (77.1%) feel able to manage information about progression of their disease 
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2.19. Any new information about my disease makes me feel anxious. 

   
Frequency Percent 

Cumulativ
e Percent 

Any new information about my 
disease makes me feel anxious. 

fully disagree 63 16.2 16.2 

disagree 42 10.8 27.0 

neither agree or disagree 72 18.5 45.5 

agree 120 30.8 76.3 

fully agree 92 23.7 100.0 

Total 389 100.0 
 

More thant half of the respondents (54.5%) feel anxious about any new information about their disease, while 
27% do not feel anxious about such information. 

2.20. Any new information about my disease confuses me. 

  Frequency Percent 
Cumulativ
e Percent 

Any new information about my 
disease confuses me. 

fully disagree 108 27.8 27.8 

disagree 93 23.9 51.7 

neither agree or disagree 80 20.6 72.2 

agree 63 16.2 88.4 

fully agree 45 11.6 100.0 

Total 389 100.0 
 

51.7% do not feel confused by new information about their disease, while 27.8% feel confused. 
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2.21. It is difficult for me to understand all information provided. 

  
 Freqency Percent 

Cumulative 
Percent 

It is difficult for me to understand all 
information provided. 

fully disagree 111 28.5 28.5 

disagree 92 23.7 52.2 

neither agree or disagree 71 18.3 70.4 

agree 69 17.7 88.2 

fully agree 46 11.8 100.0 

Total 389 100.0 
 

52% find it easy to understand information on their condition, while 29.5% find it difficult to understand it.  

2.22. I want to receive new information about my condition regularly. 

 

Frequency Percent 
Cumulative 

Percent 

I want to receive new information 
about my condition regularly. 

fully disagree 7 1.8 1.8 

disagree 5 1.3 3.1 

neither agree or disagree 40 10.3 13.4 

agree 149 38.3 51.7 

fully agree 188 48.3 100.0 

Total 389 100.0 
 

Most of respondents (86.6%) want to receive new information about their condition regularly. 
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2.23. I prefer to search for medical information on my own. 

  Frequency Percent 
Cumulative 

Percent 

I prefer to search for medical 
information on my own. 

fully disagree 60 15.4 15.4 

disagree 62 15.9 31.4 

neither agree or disagree 91 23.4 54.8 

agree 95 24.4 79.2 

fully agree 81 20.8 100.0 

Total 389 100.0 
 

45.2% of respondents prefer to search for medical information on their own, 31.3% disagree and 23.4% 
neither agree or disagree 

2.24. I usually discuss my condition with other fellow patients. 

  Frequency Percent 
Cumulative 

Percent 

I usually discuss my condition with 
other fellow patients. 

fully disagree 50 12.9 12.9 

disagree 54 13.9 26.7 

neither agree or disagree 73 18.8 45.5 

agree 130 33.4 78.9 

fully agree 82 21.1 100.0 

Total 389 100.0 
 

54.4 % usually discuss their condition with other fellow patients. 
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2.25. I want more information to better understand condition progression. 

.  Frequency Percent 

Cumulati
ve 

Percent 

I want more information to better 
understand my condition and its 

possible progression. 

fully disagree 20 5.1 5.1 

disagree 10 2.6 7.7 

neither agree or disagree 60 15.4 23.1 

agree 160 41.1 64.3 

fully agree 139 35.7 100.0 

Total 389 100.0 
 

76.8% of respondents want more information to better understand their condition and its possible progression 

2.26. I want more information to better manage my condition. 

  Frequency 
Perc
ent 

Cumulative 
Percent 

I want more information to better 
manage my condition. 

fully disagree 12 3.1 3.1 

disagree 10 2.6 5.7 

neither agree or disagree 49 12.6 18.3 

agree 180 46.3 64.5 

fully agree 138 35.5 100.0 

Total 389 100.0 
 

Most of respondents (81.8%) want more information to better manage their condition 
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2.27. I would like to know possible alternative ways of managing my condition. 

  Frequency Percent 
Cumulative 

Percent 

I would like to know possible 
alternative ways of managing my 

condition. 

fully disagree 9 2.3 2.3 

disagree 8 2.1 4.4 

neither agree or disagree 33 8.5 12.9 

agree 173 44.5 57.3 

fully agree 166 42.7 100.0 

Total 389 100.0 
 

87.2% would like to know possible alternative ways of managing their condition, 8.5% neither agree or 
disagree and 4.4% wouldn’t 

2.28. I feel that I need more information in order to be able to commit fully to therapy. 

  Frequency Percent 
Cumulative 

Percent 

I feel that I need more 
information in order to be able 

to commit fully to therapy. 

fully disagree 21 5.4 5.4 

disagree 18 4.6 10.0 

neither agree or disagree 72 18.5 28.5 

agree 138 35.5 64.0 

fully agree 140 36.0 100.0 

Total 389 100.0 
 

Most of respondents 71.5% feel that they need more information in order to be able to commit fully to therapy 
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2.29. I need more information to be able to commit to required lifestyle changes. 

  Frequency Percent 

Cumulati
ve 

Percent 

I feel that I need more 
information in order to be able to 
commit fully to required lifestyle 

changes. 

fully disagree 20 5.1 5.1 

disagree 23 5.9 11.1 

neither agree or disagree 72 18.5 29.6 

agree 151 38.8 68.4 

fully agree 123 31.6 100.0 

Total 389 100.0 
 

70.4% feel that they need more information in order to be able to commit fully to required lifestyle changes. 

2.30. I would prefer to make the final decision, when there are alternative options. 

  Frequency Percent 
Cumulative 

Percent 

I would prefer to make 
the final decision on the 

management of my 
condition, when there are 
more than one alternative 

option. 

fully disagree 24 6.2 6.2 

disagree 20 5.1 11.3 

neither agree or disagree 81 20.8 32.1 

agree 132 33.9 66.1 

fully agree 132 33.9 100.0 

Total 389 100.0 
 

67.8% of respondents would prefer to make the final decision on the management of their condition, when 
there are more than one alternative option 
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2.31. I prefer my doctor to decide the best treatment option for me. 

  Frequency Percent 
Cumulative 

Percent 

I prefer my doctor to decide the 
best treatment option for me. 

fully disagree 15 3.9 3.9 

disagree 32 8.2 12.1 

neither agree or disagree 95 24.4 36.5 

agree 123 31.6 68.1 

fully agree 124 31.9 100.0 

Total 389 100.0 
 

63.5% prefer their doctor to decide the best treatment option for them 

2.32. I would like to discuss treatment, implications and progression with my doctor. 

  Frequency Percent 
Cumulative 

Percent 

I would like to discuss treatment 
goals, potential implications and 

disease progression with my 
doctor. 

fully disagree 3 .8 .8 

disagree 4 1.0 1.8 

neither agree or disagree 26 6.7 8.5 

agree 169 43.4 51.9 

fully agree 187 48.1 100.0 

Total 389 100.0 
 

Most of respondents (91.5%) would like to discuss treatment goals, potential implications and disease 
progression with their doctor 
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2.33. I prefer to rely solely on doctor’s knowledge and guidance. 

  Frequency Percent 
Cumulative 

Percent 

I prefer to rely solely on doctor’s 
knowledge and guidance. 

fully disagree 21 5.4 5.4 

disagree 55 14.1 19.5 

neither agree or disagree 98 25.2 44.7 

agree 103 26.5 71.2 

fully agree 112 28.8 100.0 

Total 389 100.0 
 

About half of respondents (55.3%) prefer to rely solely on doctor’s knowledge and guidance 

2.34. I prefer to be fully informed on my condition. 

  
Frequen

cy Percent 
Cumulative 

Percent 

I prefer to be fully informed on 
my condition. 

fully disagree 1 .3 .3 

disagree 5 1.3 1.5 

neither agree or disagree 21 5.4 6.9 

agree 112 28.8 35.7 

fully agree 250 64.3 100.0 

Total 389 100.0 
 

Most of respondents (93.1%) prefer to be fully informed on my their condition 
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2.35. I use the internet as a source of medical information 

  Frequency Percent 
Cumulative 

Percent 

I use the internet as a source of 
medical information. 

fully disagree 93 23.9 24.0 

disagree 28 7.2 31.2 

neither agree or disagree 53 13.6 44.8 

agree 116 29.8 74.7 

fully agree 98 25.2 100.0 

Missing 1 .3 
 

Total 389 100.0 
 

55% of respondents use the internet as a source of medical information 

2.36. I understand the health information that I find on the internet 

  
Frequen

cy Percent 
Cumulative 

Percent 

I understand the health 
information that I find on the 

internet. 

fully disagree 88 22.6 22.7 

disagree 31 8.0 30.7 

neither agree or disagree 75 19.3 50.0 

agree 119 30.6 80.7 

fully agree 75 19.3 100.0 

Missing 1 .3 
 

Total 389 100.0 
 

Half of respondents (49.9%) understand the health information that they find on the internet 
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2.37. I can recognize which internet source provides accurate medical information. 

 

 Frequency Percent 
Cumulative 

Percent 

I feel able to recognize which 
internet source provides 

accurate medical information. 

fully disagree 89 22.9 22.9 

disagree 45 11.6 34.5 

neither agree or disagree 103 26.5 61.1 

agree 87 22.4 83.5 

fully agree 64 16.5 100.0 

Missing 1 .3 
 

Total 389 100.0 
 

38.9% feel able to recognize which internet source provides accurate medical information 

2.38. I feel that information provided on web pages is reliable and trustworthy. 

 

Frequency Percent 
Cumulative 

Percent 

I feel that information provided 
on web pages is reliable and 

trustworthy. 

fully disagree 70 18.0 18.0 

disagree 46 11.8 29.9 

neither agree or disagree 149 38.3 68.3 

agree 72 18.5 86.9 

fully agree 51 13.1 100.0 

Missing 1 .3 
 

Total 389 100.0 
 

38.3% of respondents are unable to decide on the reliability of infomartion on the internet 
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2.39. I would like a specialised portal to gather information on my condition  

  Frequency Percent 
Cumulative 

Percent 

I would be interested in a 
specialised web pages where all 

the vital information for my 
condition could be gathered and 

accessed. 

fully disagree 35 9.0 9.0 

disagree 11 2.8 11.9 

neither agree or disagree 65 16.7 28.6 

agree 137 35.2 63.9 

fully agree 140 36.0 100.0 

Missing 1 .3 
 

Total 389 100.0 
 

Most of respondents (71.2%) would be interested in a specialised web pages where all the vital information 
for my condition could be gathered and accessed 

2.40. I am willing to monitor myself and record data on my activities. 

  Frequency Percent 
Cumulative 

Percent 

I am willing to monitor myself and 
record data on my activities (e.g. 

weight, diet, etc.) in order to 
manage my condition more 

efficiently. 

fully disagree 26 6.7 6.7 

disagree 15 3.9 10.6 

neither agree or disagree 81 20.8 31.4 

agree 124 31.9 63.4 

fully agree 142 36.5 100.0 

Missing 1 .3 
 

Total 389 100.0 
 

68.4% are willing to monitor themselves and record data on their activities (e.g. weight, diet, etc.) in order to 
manage their condition more efficiently 
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2.41. I would be willing to use applications for monitoring and planning. 

  Frequency Percent 

Cumulati
ve 

Percent 

I would be willing to use 
applications which help me 
monitor and manage diet & 
physical activity. 

fully disagree 33 8.5 8.5 

disagree 14 3.6 12.1 

neither agree or disagree 55 14.1 26.3 

agree 136 35.0 61.3 

fully agree 150 38.6 100.0 

Missing 1 .3 
 

Total 389 100.0 
 

Most of respondents (73.6%) would be willing to use applications which help them monitor and manage diet 
& physical activit 

2.42. I would be willing to use an application that will provide alerts. 

  Frequency Percent 
Cumulative 

Percent 

I would be willing to use an 
application that will provide 

alerts regarding my condition 
and its progression. 

fully disagree 22 5.7 5.7 

disagree 13 3.3 9.0 

neither agree or disagree 53 13.6 22.7 

agree 128 32.9 55.7 

fully agree 172 44.2 100.0 

Missing 1 .3 
 

Total 389 100.0 
 

Most of respondents (77.1%) would be willing to use an application that will provide alerts regarding their 
condition and its progression 
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2.43. I feel that my condition needs closer monitoring. 

  
Freque

ncy Percent 
Cumulative 

Percent 

I feel that my condition needs 
closer monitoring than 

currently suggested by my 
healthcare provider. 

fully disagree 72 18.5 18.6 

disagree 45 11.6 30.2 

neither agree or disagree 95 24.4 54.6 

agree 61 15.7 70.4 

fully agree 115 29.6 100.0 

Missing 1 .3 
 

Total 389 100.0 
 

45.3% feel that their condition needs closer monitoring than currently suggested by their healthcare provider 
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3. Validation Sheet for Patient Questionnaire  

The following questions are about how you perceive the content of the previously administered 
questionnaire. 

 

This survey is conducted as part of the research project “CARRE: Personalized patient empowerment and 
shared decision support for cardiorenal disease and comorbidities”. 

The project is funded by the European Commission and aims to provide the means for patients with heart 
and kidney disease to take an active role in care processes, including self-care and shared decision making.  

This survey aims to investigate how you perceive the previously administered CARRE Patient Survey. The 
results of this assessment will be used to improve the CARRE Patient Survey content.  

 

Overall time to complete CARRE Patient Survey:                                        (in min) 

Overall Rating of the Survey Content 

1. Relevance (with respect to the aim of survey) 

 not relevant  

 needs some revision 

 relevant but some revision required  

 very relevant 
 

2. Clarity of content  

 not clear 

 needs some revision 

 clear but needs minor revision 

 very clear 

3. Simplicity in terms of phrasing 

 not simple 

 needs some revision 

 simple but needs minor revision 

 very simple 
 

4. Experience of completing the questionnaire 

 not pleasant 

 needs some improvement 

 pleasant but needs minor improvement 

 pleasant enough 

 

 

In the following pages, for each one of the items in the CARRE Patient Survey, please state its 
relevance, clarity and simplicity using the following scales:  

Relevance  

(with respect to the aim of survey) 

Clarity of content Simplicity in terms of phrasing 

1 = not relevant  

2 = needs some revision 

3 = relevant but some revision 
required  

4 = very relevant 

1 = not clear 

2 = needs some revision 

3 = clear but needs minor  
revision 

4 = very clear 

1 = not simple 

2 = needs some revision 

3 = simple but needs minor 
revision 

4 = very simple 
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Understanding my condition relevance clarity simplicity 

1. I am aware of what may have caused my current condition.    

2. I know which symptoms I currently experience are due to my 
disease. 

   

3. I can recognize new symptoms that may indicate disease 
progression. 

   

4. I am aware of other illnesses that may occur due to inefficient 
management of my current health condition. 

   

 

Getting information on my condition relevance clarity simplicity 

5. I have all information I need to understand my current condition.    

6. I have all the information I need in order to manage my disease in 
everyday life. 

   

7. I have all information I need to understand possible disease 
progression. 

   

8. My physician/nurse provides me with enough information on how 
to reduce the risk of future complications. 

   

9. I believe that better knowledge of my disease would be very 
beneficial for better management of my condition. 

   

10. I am able to manage information about possible progression of 
my disease. 

   

11. Any new information about my disease makes me feel anxious.    

12. Any new information about my disease confuses me.    

13. It is difficult for me to understand all information provided.    

14. I want to receive new information about my condition regularly.    

 

Empowerment or Guidance? relevance clarity simplicity 

15. I prefer to search for medical information on my own.    

16. I usually discuss my condition with other fellow patients.    

17. I want more information to better understand my condition and its 
possible progression. 

   

18. I want more information to better manage my condition.    

19. I would like to know possible alternative ways of managing my 
condition. 

   

20. I feel that I need more information in order to be able to commit 
fully to therapy. 

   

21. I feel that I need more information in order to be able to commit 
fully to required lifestyle changes. 

   

22. I would prefer to make the final decision on the management of 
my condition, when there are more than one alternative option. 

   

23. I prefer my doctor to decide the best treatment option for me.    

24. I would like to discuss treatment goals, potential implications and 
disease progression with my doctor. 

   

25. I prefer to rely solely on doctor’s knowledge and guidance.    

26. I prefer to be fully informed on my condition.    
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Technology and disease management relevance clarity simplicity 

27. I use the internet as a source of medical information    

28. I understand the health information that I find on the internet    

29. I feel able to recognize which internet source provides accurate 
medical information. 

   

30. I feel that information provided on authoritative internet platforms 
is reliable and trustworthy. 

   

31. I would be interested in a specialised internet platform where all 
the vital information for my condition could be gathered and 
accessed. 

   

32. I am willing to monitor myself and record data on my activities 
(e.g. weight, diet, etc.) when this is recommended to me by 
health care providers 

   

33. I am willing to monitor myself and record data on my activities 
(e.g. weight, diet, etc.) in order to manage my condition more 
efficiently. 

   

34. I would be willing to use applications which help me monitor and 
manage diet & physical activity. 

   

35. I would be willing to use an application that will provide alerts 
regarding my condition and its progression. 

   

36. I feel that my condition needs closer monitoring than currently 
suggested by my healthcare provider. 

   

 

Overall completeness of the survey 

Please, suggest any more issues/questions the questionnaire should cover: 
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4. CARRE Patients Questionnaire  

CARRE 

Patient Survey 

 

The following questions are about how well you understand your medical condition and how you feel 
about getting support to manage your condition yourself. 

 

This survey is conducted as part of the research project “CARRE: Personalized patient empowerment and 
shared decision support for cardiorenal disease and comorbidities”. 

The project is funded by the European Commission and aims to provide the means for patients with heart 
and kidney disease to take an active role in care processes, including self-care and shared decision making.  

This survey aims to investigate at what extend you understand your condition, whether you are willing to be 
informed about it and at what extend you are willing to engage with computers and technology in order to 
enhance your knowledge and better manage your condition.  

The results of this anonymous survey will be used to guide the research and development of the CARRE 
project. These results, as all CARRE progress will be published promptly in the project’s web site: 
http://www.carre-project.eu/ 

Please, start with giving some personal information below. The next pages have a series of 
statements. Please, state at which extend you agree with each statement, by marking the relevant 
square as follows:  

1: fully disagree   2: disagree 3: neither agree or disagree 4: agree 5: fully agree   

 

Personal Information 

Age:  less than 18  18-25  26-45  46-65  above 65 

Country of Residence:  Gender:  Female  Male 

Which of the following health conditions are you 
currently being monitored or treated for? 

 increased body weight 

 increased blood pressure (hypertension) 

 increased blood glucose (diabetes) 

 increased blood cholesterol 

 kidney disease 

 heart disease 

 other 
please, specify if you can: 
 

---------------------------------------------------------------------- 

Do you have internet access?  

 daily at home and/or work 

 only occasionally  

 not at all  

Which of the following have you monitored  
(or are currently monitoring) at home? 

 body weight 

 blood pressure  

 heart rhythm 

 blood glucose 

 other 
please, specify if you can: 

 

 

 
------------------------------------------------------------------ 

Have you ever used telemonitoring devices? 

 yes 

 no  

 don’t know 

 

 

 

http://www.carre-project.eu/
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Understanding my condition 
disagree neutral agree 

1 2 3 4 5 

1. I am aware of what may have caused my current 
condition. 

     

Please list all you think that may have  
caused your current condition: 

2. I know which symptoms I currently experience are due 
to my disease. 

     

Please list all you know: 

3. I can recognize new symptoms that may indicate 
disease progression.  

     

Please, list which ones: 

4. I am aware of other illnesses that may occur due to 
inefficient management of my current health condition. 

     

Please, list all you know: 

Getting information on my condition  
disagree neutral agree 

1 2 3 4 5 

5. I have all information I need to understand my current 
condition.  

     

6. I have all the information I need in order to manage my 
disease in everyday life. 

     

Tell us who provides this information(check only the major sources of information 

 nurse 

 doctor 

 other patients  

 family 

 friends 

 other:  

 books & leaflets 

 internet 

7. I have all information I need to understand possible 
disease progression. 

     

8. I cannot recognize new symptoms that may indicate 

disease progression. 

     

9. My physician/nurse provides me with enough 
information on how to reduce the risk of future 
complications.  

     

10. I believe that better knowledge of my disease would be 
very beneficial for better management of my condition.  

     

11. I am able to manage information about possible 
progression of my disease. 

     

12. Any new information about my disease makes me feel 
anxious. 

     

13. Any new information about my disease confuses me.      

14. It is difficult for me to understand all information 
provided. 

     

15. I want to receive new information about my condition 
regularly. 

     

Empowerment or Guidance? 
disagree neutral agree 

1 2 3 4 5 

16. I prefer to search for medical information on my own.      

17. I usually discuss my condition with other fellow patients.       

18. I want more information to better understand my      
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condition and its possible progression. 

19. I do not feel able to manage information about possible 

progression of my disease. 

     

20. I want more information to better manage my condition.      

21. I would like to know possible alternative ways of 
managing my condition. 

     

22. I feel that I need more information in order to be able to 
commit fully to therapy. 

     

23. I feel that I need more information in order to be able to 
commit fully to required lifestyle changes. 

     

24. I would prefer to make the final decision on the 
management of my condition, when there are more than 
one alternative option. 

     

25. I prefer my doctor to decide the best treatment option for 
me.  

     

26. I would like to discuss treatment goals, potential 
implications and disease progression with my doctor. 

     

27. I prefer to rely solely on doctor’s knowledge and 
guidance. 

     

28. I prefer to be fully informed on my condition.       

29. I feel that my condition does not closer monitoring than 
currently suggested by my healthcare provider. 

     

Technology and disease management 
disagree neutral agree 

1 2 3 4 5 

30. I use the internet as a source of medical information      

31. I understand the health information that I find on the 
internet 

     

32. I feel able to recognize which internet source provides 
accurate medical information.  

     

33. I feel that information provided on web pages is reliable 
and trustworthy. 

     

34. I would be interested in a specialised web pages where 
all the vital information for my condition could be 
gathered and accessed. 

     

35. I am willing to monitor myself and record data on my 
activities (e.g. weight, diet, etc.) in order to manage my 
condition more efficiently. 

     

36. I do not feel able to recognize which internet source 
provides accurate medical information. 

     

37. I would be willing to use applications which help me 
monitor and manage diet & physical activity. 

     

38. I prefer to have limited information an my condition.      

39. I would be willing to use an application that will provide 
alerts regarding my condition and its progression.  

     

40. I feel that my condition needs closer monitoring than 
currently suggested by my healthcare provider. 
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1. Survey Design 

1.1. Goal 

The aim of this survey is to help identify user perceptions of healthcare professionals including physicians, 
nurses and other healthcare professionals 

1.2. Outline of Survey Methodology 

The survey was designed via the following approach: 

‒ Define the goal of the survey.  

‒ Literature review of the domain (presented in Sections 2 and 3 of this Deliverable). 

‒ Identify research goals, i.e. specific research questions that will be addressed via the survey.  

‒ Discuss research questions within a focus group with the aim to capture their overall response in 
order to identify specific survey questions.  

‒ Develop the questionnaire and qualitatively validate it within the focus group.  

‒ Deploy questionnaire  

‒ Process results   

1.3. Research Questions 

Research questions to investigate the professionals’ perspective can be grouped along the following axes:  

‒ How do professionals perceive patient empowerment?  

‒ Are professionals’ willing to support and promote patient empowerment interventions?  

‒ What would empower professionals to manage (not empower) cardiorenal patients?   

1.4. Questionnaire Design & Validation 

Perceptions of healthcare professionals were recorded mainly by a short questionnaire. This was derived 
based on a focus group of healthcare professionals. The focus group was assembled by 5 physicians and 1 
nurse of the University Hospital of Alexandroupoli and Regional Hospital of Kavala, Greece. In particular, 
there was 2 nephrology experts, 1 cardiology expert, 2 internal medicine expers and 1 nurse serving in the 
nephrology clinic. The group was facilitated by two researchers supervising the survey design and statistical 
analysis. The final questionnaire as derived by the group focused on two main categories:  

‒ How do professionals prefer to keep up to date with medical knowledge (8 questions) 

‒ What are their perceptions about using technology in disease management (6 questions) 

2. Survey Results and Analysis 

The questionnaire was deployed mainly by DUTH and VULSK in the two countries of the intended CARRE 
pilots, Greece and Lithuania respectively by advertisement within the personnel of the affiliated hospitals. 
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There were overall 209 responses by 24 April 2014. The results of these 209 first responses were analyzed 

and are presented in this document. It should be noted that the survey will keep running for a few more 

months and the accumulative results will be reported as an update to this Annex.  

Basic analysis was performed by Microsoft Excel software and more advanced analysis and correlations with 

the IBM SPSS software. The remaining of this section presents the detailed responses for each question 

individually. The following section presents more advanced analysis of the results.  

Each question was assessed first for overall performance and the results are presented below. 

2.1. Age 

  Frequency Percent 
Cumulative 

Percent 

Age 

18-25 10 4.8 4.8 

26-46 141 67.5 72.2 

46-65 58 27.8 100.0 

Total 209 100.0 
 

The majority of respondents were of ages 26-45.  

2.2. Country of Residence 

  Frequency Percent 
Cumulative 

Percent 

Country of Residence 

Lithuania 188 90.0 90.0 

Greece 21 10.0 100.0 

Total 209 100.0 
 

The largest proportions of respondents come from Lithuania (90%). Greece proportions were only (10%). 
The rest EU countries did not participate in this survey as expected by the design of survey. 
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2.3. Gender 

  Frequency Percent 
Cumulative 

Percent 

Gender 

Male 49 23.4 23.4 

Female 160 76.6 100.0 

Total 209 100.0 
 

In this survey it’s obviously that we did not have a gender balance. The percentage of female answered the 
question in the questionnaire was higher of male. 

2.4. Work experience 

  Frequency Percent 
Cumulative 

Percent 

Work experience 

Less than a year from diploma 14 6.7 6.7 

1-5 years from diploma 41 19.6 26.3 

6-9 years from diploma 30 14.4 40.7 

10 years and more experience 124 59.3 100.0 

Total 209 100.0 
 

More than half of the respondents (59.3%) report that they have 10 years and more of work an 
experience while ¼ report that they have 6 to 9 years from their diploma.  
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2.5. Profession 

  Frequency Percent 
Cumulative 

Percent 

Profession 

Physician 121 57.9 57.9 

Nurse 87 41.6 99.5 

Technician 1 0.5 100.0 

Total 209 100.0 
 

More than half of respondents (57.9%) were physicians while a good number of respondents were nurses 
(41.6%). Only 0.5% was technician. 

2.6. Currently working at… 

  Frequency Percent 
Cumulative 

Percent 

Currently working at 

University Hospital 193 92.3 92.3 

Other Hospital 16 7.7 100.0 

Total 209 100.0 
 

A high majority of 92.3% were currently working at university hospital. 
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2.7.  In which field would you like to get additional information? 

  
Frequenc

y 
Percen

t 
Cumulativ
e Percent 

In which field would you like to 
get additional information 

Missing 17 8.13 8.1 

All mentioned 1 0.5 8.6 

Care of the pregnant 1 0.5 9.1 

Comorbidities 29 13.88 23.0 

Education of patients, treatment 1 0.5 23.4 

Nursing 5 2.39 25.8 

Nursing, prevention 1 0.5 26.3 

Rehabilitation 1 0.5 26.8 

Risk factors 44 21.05 47.8 

Risk factors, Comorbidities 3 1.44 49.3 

Risk factors, Comorbidities, Treatment 1 0.5 49.8 

Treatment 104 49.76 99.5 

Work administration 1 0.5 100.0 

Total 209 100.0 
 

Almost the half of respondents (49.76%) report that they would like additional information in treatment field, 
while ¼ report that they want more information about risk factors.  
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2.8. Number of cardiorenal patients treated in the last year 

  Frequency Percent 
Cumulative 

Percent 

Number of cardiorenal patients with 
or at risk of comorbidities treated in 

the last year 

Less than 30 67 32.1 34.9 

30-100 46 22.0 58.9 

More than 100 79 37.8 100.0 

Total 192 91.9 
 

Total 209 100.0 
 

37.8% of respondents answered that they treated more than 100 cardiorenal patients with or at risk of 
comorbidities, while 32.1% reports that they treated less than 30 patients. 

2.9. I continuously keep up to date with medical knowledge. 

  Frequency Percent 
Cumulative 

Percent 

I continuously keep up to date with 
medical knowledge. 

fully disagree 2 1.0 1.0 

disagree 3 1.4 2.4 

neither agree or disagree 11 5.3 7.7 

agree 111 53.1 60.8 

fully agree 82 39.2 100.0 

Total 209 100.0 
 

A high amount of respondents (92.3%) report that they continuously keep up to date with medical 
knowledge. 
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2.10. To keep up to date with medical knowledge, I use medical textbooks. 

  Frequency Percent 
Cumulative 

Percent 

To keep up to date with medical 
knowledge, I use medical textbooks. 

fully disagree 1 0.5 .5 

disagree 4 1.9 2.4 

neither agree or disagree 20 9.6 12.0 

agree 111 53.1 65.1 

fully agree 73 34.9 100.0 

Total 209 100.0 
 

The majority of respondents (98%) answered that they use medical textbooks in order to keep up to date 
with medical knowledge. 

2.11. To keep up to date with medical knowledge, I attend medical conferences. 

  Frequency Percent 
Cumulative 

Percent 

To keep up to date with medical 
knowledge, I attend medical 

conferences. 

fully disagree 5 2.4 2.4 

disagree 4 1.9 4.3 

neither agree or disagree 18 8.6 12.9 

agree 111 53.1 66.0 

fully agree 71 34.0 100.0 

Total 209 100.0 
 

A high majority of respondents (87.1%) attend medical conferences in order to keep up to date with 
medical Knowledge. 
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2.12. To keep up to date, I exchange experience and consult with my colleagues. 

  Frequency Percent 
Cumulative 

Percent 

To keep up to date with medical 
knowledge, I exchange experience 
and consult with my colleagues. 

fully disagree 1 0.5 .5 

disagree 3 1.4 1.9 

neither agree or disagree 13 6.2 8.1 

agree 123 58.9 67.0 

fully agree 69 33.0 100.0 

Total 209 100.0 
 

The majority of responders (91.9%)answered that they exchange experience and consult with their 
colleagues in order to keep up to date with medical Knowledge.  

2.13. To keep up to date with medical knowledge, I search generally on the internet. 

  Frequency Percent 
Cumulative 

Percent 

To keep up to date with medical 
knowledge, I search generally on the 

internet. 

fully disagree 1 0.5 .5 

disagree 1 0.5 1.0 

neither agree or disagree 12 5.7 6.7 

agree 97 46.4 53.1 

fully agree 98 46.9 100.0 

Total 209 100.0 
 

A high majority of respondents (83.3%) search on the internet in order to keep up to date with medical 
Knowledge. 
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2.14. To keep up to date, I search medical scientific articles, e.g. via Pubmed. 

  Frequency Percent 
Cumulative 

Percent 

To keep up to date with medical 
knowledge, I search medical 

scientific articles, e.g. via Pubmed. 

fully disagree 4 1.9 1.9 

disagree 26 12.4 14.4 

neither agree or disagree 35 16.7 31.1 

agree 82 39.2 70.3 

fully agree 62 29.7 100.0 

Total 209 100.0 
 

More than half of respondents (68.9% ) search medical scientific articles in order to keep up to date 
with medical Knowledge. 

2.15. To keep up to date, I consult authoritative evidence based medicine sources. 

  Frequency Percent 
Cumulative 

Percent 

To keep up to date with medical 
knowledge, I consult authoritative 
evidence based medicine sources, 

e.g. Cochrane. 

fully disagree 2 1.0 1.0 

disagree 5 2.4 3.3 

neither agree or disagree 38 18.2 21.5 

agree 103 49.3 70.8 

fully agree 61 29.2 100.0 

Total 209 100.0 
 

More than half of respondents (78.5%) consult authoritative evidence based medicine sources in order to 
keep up to date with medical Knowledge. 
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2.16. I feel very satisfied with how I keep up to date in medicine. 

  Frequency Percent 
Cumulative 

Percent 

I feel very satisfied with how I keep up 
to date with latest developments in 

medicine. 

fully disagree 0 0 0 

disagree 1 0.5 .5 

neither agree or disagree 25 12.0 12.4 

agree 111 53.1 65.6 

fully agree 72 34.4 100.0 

Total 209 100.0 
 

Most of respondents 87.5% feel very satisfied with how I keep up to date with latest developments in medicine and 
12% neither agree or disagree. 

2.17. I know of patients who experienced physical benefit from the Internet. 

 

Frequency Percent 
Cumulative 

Percent 

I know of patients who experienced 
physical benefit from taking or doing 

something they read about on the 
Internet. 

fully disagree 7 3.4 3.4 

disagree 49 23.9 27.3 

neither agree or disagree 111 54.1 81.5 

agree 32 15.6 97.1 

fully agree 6 2.9 100.0 

Total 205 100.0 
 

Half of respondents neither agree or disagree if they know of patients who experienced physical benefit 
from taking or doing something they read about on the Internet, 27.3% disagree and 18.5% agree.  
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2.18. I have patients who experienced disadvantage from the Internet. 

  Frequency Percent 
Cumulative 

Percent 

I have patients who experienced 
dramatic physical disadvantage from 
taking or doing something they read 

about on the Internet. 

fully disagree 7 3.4 3.4 

disagree 37 18.0 21.5 

neither agree or disagree 130 63.4 84.9 

agree 30 14.6 99.5 

fully agree 1 .5 100.0 

Total 205 100.0 
 

63.4% of respondents neither agree or disagree 21.4% disagree and 19.6% agree if they have patients 
who experienced dramatic physical disadvantage from taking or doing something they read about on the 
Internet. 

2.19. I believe the general quality of health information on the Internet is reliable. 

  Frequency Percent 
Cumulative 

Percent 

I believe the general quality of health 
information on the Internet is 

reliable. 

fully disagree 5 2.4 2.4 

disagree 30 14.6 17.1 

neither agree or disagree 104 50.7 67.8 

agree 60 29.3 97.1 

fully agree 6 2.9 100.0 

Total 205 100.0 
 

50.7% of respondents believe the general quality of health information on the Internet is reliable, 32.2% 
agree and 17% disagree. 
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2.20. I encourage patients to be involved in the decisions about their healthcare. 

  
Frequenc

y Percent 
Cumulativ
e Percent 

I encourage patients to be as much 
involved as they would like in the 
decisions about their healthcare. 

fully disagree 1 .5 .5 

disagree 9 4.4 4.9 

neither agree or disagree 38 18.5 23.4 

agree 125 61.0 84.4 

fully agree 32 15.6 100.0 

Total 205 100.0 
 

Most of respondents 76.6% encourage patients to be as much involved as they would like in the decisions 
about their healthcare, 18.5% neither agree or disagree and 4.9% disagree. 

2.21. I can better manage my patients’ health condition when I use telemonitoring. 

  
Frequenc

y 
Valid 

Percent 
Cumulativ
e Percent 

I believe that I can better manage my 
patients’ health condition when I use 

telemedicine/telemonitoring to monitor 
my patients. 

fully disagree 0 0 0 

disagree 9 4.4 4.4 

neither agree or disagree 60 29.3 33.7 

agree 102 49.8 83.4 

fully agree 34 16.6 100.0 

Total 205 100.0 
 

66.4% of respondents believe that they can better manage my patients’ health condition when they use 
telemedicine/telemonitoring to monitor my patients, 29.3% neither agree or disagree and 4.4% disagree. 
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2.22. Patients can better manage themselves when they use telemonitoring. 

  Frequency Percent 
Cumulative 

Percent 

I believe that patients can better 
manage themselves when they use 

personal telemedicine/telemonitoring 
applications. 

fully disagree 2 1.0 1.0 

disagree 7 3.4 4.4 

neither agree or disagree 57 27.8 32.2 

agree 110 53.7 85.9 

fully agree 29 14.1 100.0 

Total 205 100.0 
 

More than a half of patients 67.8% believe that patients can better manage themselves when they use 
personal telemedicine/telemonitoring applications, 27.8% neither agree ore disagree and 4.4% disagree. 
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3. CARRE Professionals Survey  

The following questions are about how well you understand your patients’ medical condition and how you manage and 
empower them to use technology for their diseases. 

 

This survey is conducted as part of the research project “CARRE: Personalized patient empowerment and shared decision support for 
cardiorenal disease and comorbidities”. 

The project is funded by the European Commission and aims to provide the means for patients with heart and kidney disease to take an 
active role in care processes, including self-care and shared decision making.  

The results of this anonymous survey will be used to guide the research and development of the CARRE project. These results, as all 
CARRE progress will be published promptly in the project’s web site: http://www.carre-project.eu/ 

Please, start with giving some personal information below. The next pages have a series of statements. Please, state at which 
extend you agree with each statement, by marking the relevant square as follows:  

1: fully disagree   2: disagree 3: neither agree or disagree 4: agree 5: fully agree   

Personal Information 

Age:  less than 22  22-25  26-45  46-65  above 65 

Country of Residence:  Gender:  Female  Male 

Work experience  

 Less than a year from diploma 

 1-5 years from diploma 

 6-9 years from diploma 

 10 years and more experience 

 

Please indicate if you are a: 

 Physician 

 Nurse 

 Pharmacist  

 

Type of Institution: 

 University Hospital 

 Other Hospital 

 Primare healthcare unit 

 Private medical clinic/office  

 

In which field would you like additional information? 

 Risk factors 

 Comorbidities 

 Treatment 

 other 
please, specify if you can: 

 
------------------------------------------------------------------ 

Number of patients suffering from heart and/or kidney 

disease with or at risk of comorbidities treated in the last 

year: 

 less than 30 

 30-100 

 More than 100 

 

How do doctors prefer to keep up to date  

with medical knowledge 

disagree neutral agree 

1 2 3 4 5 

37. I continuously keep up to date with medical knowledge.      

38. In order to keep up to date with medical knowledge, I use 
medical textbooks.  

     

39. In order to keep up to date with medical knowledge, I 
attend medical conferences. 

     

40. In order to keep up to date with medical knowledge, I 
exchange experience and consult with my colleagues. 

     

41. In order to keep up to date with medical knowledge, I 
search generally on the internet. 

     

http://www.carre-project.eu/
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42. In order to keep up to date with medical knowledge, I 
search medical scientific articles, e.g. via Pubmed. 

     

 

How do doctors prefer to keep up to date 

with medical knowledge 

 

disagree 

 

neutral 

 

agree 

1 2 3 4 5 

43. In order to keep up to date with medical knowledge, I use 
authoritative guidelines and other evidence medicine 
sources.  

     

44. I feel very satisfied with my ability to remain 
knowledgeable and current with the latest developments 
in medicine. 

     

Technology in empowerment and disease management 
disagree neutral agree 

1 2 3 4 5 

45. I think is reliable the general quality of health information 
on the Internet. 

     

46. I encourage patients to be as much involved as they 
would like in the decisions about their healthcare. 

     

47. The use of personal telemedicine/telemonitor technology 
is beneficial to my patients care and management for 
themselves.  

     

48. Using telemedicine/telemonitor technology from my 
patients is beneficial to me in order to take care and 
manage them. 

     

49. I have patients who experienced physical benefit from 
taking or doing something they read about on the 
Internet 

     

50. I have patients who experienced dramatic physical 
disadvantage from taking or doing something they read 
about on the Interne 
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Annex 3 

Other Stakeholders Survey  
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1. Survey Design  

Perceptions of policy makers were recorded via semi-structured interviews. The following outline was 
followed:  

1) Please give us some information about the job and key responsibilities (Name, Affiliation, Position, 
Position Responsibilities, Years in this or at similar position). 

2) Are you directly related to the field of cardiorenal disease and/or cardiorenal comorbidities? Please, 
explain.  

3) In your opinion, what are the major problems cardiorenal patients (or people at risk of cardiorenal 
disease) face?   

4) What are the major problems encountered today by the health professionals who deal with this disease? 

5) What do you think are the most important steps for the prevention of disease? 

6) Are you familiar with the term 'patient empowerment'?  

7) How would you envisage empowerment of patients with cardiorenal disease (across the spectrum of 
patients who simply have an increased risk in those who already have heart or kidney disease, up to 
those with a terminal illness or other important comorbidities)? What services would you expect to make 
an impact? Please, elaborate. 

8) If you would change something in the health system towards this direction, what would it be? 

9) Would you promote a service/system empowering patients? How? 

10) If yes, what would you want from such a service/system? 

11) What kind of alerts or alarms would you think as important for the prevention and management of 
chronic cardiorenal disease and comorbidities? 

2. Survey Results 

Semi-structured interviews were conducted with the following people/roles: 

1 Leadership in prevention and treatment of life-style related diseases 
President of European Society of Lifestyle Medicine 
Dr. Michael Sagner 

2  Municipality Council Member – Member of the Committee for Quality of Life 
Municipality of Alexandroupoli, Greece  
Dr. Savvas Defteraios 

3 Head of Regional Department of Health 
Prefecture of Evros 
(name available on request) 

4 Director, Dialysis Center 
Prefecture of Pellas, Greece 
Dr. Nikolaos Zoumparidis 

5 Head of Cardiology Clinic,  
General Regional Hospital of Kavala, Greece 
Dr. David Symeonidis 

6 Head of Nurses 
Regional General University Hospital of Alexandroupolis, Greece 
(name available on request) 
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Interview #1 – Leadership in prevention and treatment of life-style related diseases 

1) Information about the job and key responsibilities: 

‒ Name:  Michael Sagner, MD 

‒ Affiliation: European Society of Lifestyle Medicine  

‒ Position: President 

‒ Position Responsibilities: Overseeing Research, Leadership in Prevention and Treatment of 
Lifestyle-related diseases 

‒ Years in this or at similar position 5 

 

2) Relation to the field of cardiorenal disease and/or cardiorenal comorbidities  
 
I am the founder and former Chief Medical Doctor/Head of Department for Preventive Medicine and 
Lifestyle Medicine at the University Eppendorf. 

 

3) Major problems cardiorenal patients face 

The major problem is managing the comorbidities and adjusting lifestyle as an essential factor to 
manage the diseases. 

 

4) Major problems encountered by the health professionals who deal with this disease 

One of the major challenges is the patient adherence to lifestyle recommendations. 

 

5) Most important steps for the prevention of disease 

They key steps are: 1) Raising awareness for the essential role of lifestyle factors in the prevention of 
chronic diseases. 2) Empowering patients to improve their lifestyle to sustain health and prevent 
diseases. 

 

6) Familiarity with the term 'patient empowerment' 

See above 

 

7) Vision of empowerment of patients with cardiorenal disease. 

Patient empowerment must first help raise awareness on a daily base for the importance of lifestyle 
factors (reminder). Then it must support patients in making the right lifestyle choices (mainly nutrition, 
physical activity) on a daily basis. 

 

8) If you would change something in the health system towards this direction, what would it be? 

I absolutely think that we must go from a disease-centered system that treats symptoms to a health-
centered system that treats the cause of diseases. 

 

9) Would you promote a service/system empowering patients? How? 

Yes, we could promote it through the European Society of Lifestyle Medicine and its partners. 

 

10) If yes, what would you want from such a service/system? 

‒ Easy to use 
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‒ Focus on the ‘low hanging fruits’ – interventions that are effective 

 

11) What kind of alerts or alarms would you think as important for the prevention and management of 
chronic cardiorenal disease and comorbidities? 

‒ A lifestyle – centered system that monitors physical activity and nutrition 

‒ A biomarker – centered system that monitors risk factors 

 

Interview #2 – Municipality Council Member – Member of the Committee for Quality of Life 

1) Information about the job and key responsibilities: 

‒ Name:  Dr. Savvas Defteraios 

‒ Affiliation: Municipality of Alexandroupolis, Greece  

‒ Position: Municipality Council Member, Member of the Committee for Quality of Life 

‒ Position Responsibilities: Strategic policy making and interventions for ensuring quality of life in the 
Municipality of Alexandroupolis. The municipality covers a population of around 80,000 and spreads 
to an area of 20X80 Km. The municipality is a mainly a rural area far away from metropolitan centers 
of the capital and other large cities of the country.  

‒ Years in this or at similar position: 12 years  

 

2) Relation to the field of cardiorenal disease and/or cardiorenal comorbidities  
 
I am routinely involved with people with chronic disease, and cardiorenal patients, with regards to their 
social services support. Moreover, by profession I am a medical doctor and Assist. Prof. of Radiology, so 
I also am familiar with this disease on the basis of my profession.  

 

3) Major problems cardiorenal patients face 

One of the major problems for these chronic patients is the time lost for routine visits to the hospital. 
More importantly, time lost because of unnessecary visits. This is due to the fact that most of these 
people feel unsecure (probably due to a lack of knowledge and information) and they most often decide 
to visit their doctor merely to check if things are Ok, that is, to have some psychological support. 

 

4) Major problems encountered by the health professionals who deal with this disease 

The equivalent time (and cost) burden due to unnecessary patients’ visits. Treating patients with this 
type of disease and comorbidities can be psychologically demanding. Supporting professionals with 
more organized and targeted continuous education and support would be good. 

 

5) Most important steps for the prevention of disease 

Promote a healthy lifestyle for all citizens. Mainly, by informing them about what lies ahead if they do not 
manage to excersice and watch their diet.  

 

6) Familiarity with the term 'patient empowerment' 

Yes.  

 

7) Vision of empowerment for patients with cardiorenal disease. 

This is what we strive at on the Municipality Council: empower the citizen to take control of their lives. In 
the case of patients and especially chronic patients, I think this is much more important. 
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8) If you would change something in the health system towards this direction, what would it be? 

Give the possibility to the patients to be able to communicate with professionals and get up to date 
authoritative information from their own place, i.e. via internet technologies. I think this should be the first 
step towards empowerment.   

 

9) Would you promote a service/system empowering patients? How? 

Definitely. Our first goal would be to incorporate such services to related Municipality Units, such as the 
Center for Day Care/Recreation of Elder People, where a good number of members suffer from 
cardiorenal related morbidities. Also, via the Social Services of every Municipality.  

 

10) If yes, what would you want from such a service/system? 

‒ For the patients, I would mainly see supporting access to authoritative information, stressing facts 
about disease progression and transition if lifestyle is not properly managed. Important functionalities 
would be: (a) get information on the disease (b) check if a current symptom is a reason for alert 
and/or visit to the doctor, (c) see what will happen when a certain condition is managed or not 
managed according to prescription, (d) access to ICT tools for measuring, monitoring and managing 
certain biomarkers, e.g. BMI and others.   

‒ For health policy makers, it would be good to provide statistical views of the population 

 

11) What kind of alerts or alarms would you think as important for the prevention and management of 
chronic cardiorenal disease and comorbidities? 

see above 

 

Interview #3 – Head of Regional Dept. of Healthcare  

1) Information about the job and key responsibilities: 

‒ Name:  (available from the CARRE Coordinator) 

‒ Affiliation: Prefecture of Evros, Greece 

‒ Position:  Head of Department of Health 

‒ Position Responsibilities: Regional health financial management  

‒ Years in this or at similar position: 10-11 

 

2) Relation to the field of cardiorenal disease and/or cardiorenal comorbidities  
 
Not directly related to chronic cardiorenal syndrome. Mainly related to end stage renal disease patients – 
issueing benefits for special diet. Such patients lack proper and continuous information about their 
condition and possible progression. Sometimes, they even have wrong information about how to 
manage their disease.   

 

3) Major problems cardiorenal patients face 

Increased hospitalization, which reduces quality of life for such patients. Difficulty in reaching the right 
service within a hospital. Often such patients are more in need of consulting rather than actually 
healthcare services, thus they get confused when trying to get such services within a hospital.  

 

4) Major problems encountered by the health professionals who deal with this disease 
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The above increases disproportionally the cost of care and also places more burden on doctors. This 
could be alleviated by empowering the patient to deal personally with certain aspects of their everyday 
disease management.  

 

5) Most important steps for the prevention of disease 

Crucial issue. Although not in a position and expertise to suggest measures, I can certainly recognize 
that prevention is really crucial for the citizen and the healthcare system and the government.  

 

6) Familiarity with the term 'patient empowerment' 

Yes 

 

7) Vision of empowerment of patients with cardiorenal disease. 

Crucial issue. Although not in a position and expertise to suggest measures, I can certainly recognize 
that patient empowerment is really a crucial for prevention and then management and quality of life.  

 

8) If you would change something in the health system towards this direction, what would it be? 

... 

 

9) Would you promote a service/system empowering patients? How? 

Yes, within the regional healthcare system structures.  

 

10) If yes, what would you want from such a service/system? 

.. 

 

11) What kind of alerts or alarms would you think as important for the prevention and management of 
chronic cardiorenal disease and comorbidities? 

.. 

 

Interview #4 – Head of Cardiology Clinic 

1) Information about the job and key responsibilities: 

‒ Name:  Dr. Nikolaos Zoumparidis 

‒ Affiliation: Dialysis Center, Perfecture of Pellas 

‒ Position: Director 

‒ Position Responsibilities: Coordination, administration 

‒ Years in this or at similar position: 14 years 

 

2) Relation to the field of cardiorenal disease and/or cardiorenal comorbidities  
 
Directly related. The Center is offering renal replacement therapy in end stage renal disease patients.  

 

3) Major problems cardiorenal patients face 
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ESRD patients’ major problem is the increased chances of a lethal episode. Strict management of diet 
and therapy is required for this to be minimized. This is not often the case as they lack a continuous 
reminder on what they have to do and why.  

 

4) Major problems encountered by the health professionals who deal with this disease 

Apart from financial issues, other important problems is the required psychological support of patients.  

 

5) Most important steps for the prevention of disease 

Stratification of monitoring of related biomarkers and adherence to diet and therapy directions. This 
requires informing, educating and monitoring the patient during their everyday life (and not only while 
they visit the hospital). 

 

6) Familiarity with the term 'patient empowerment' 

Yes. 

 

7) Vision of empowerment of patients with cardiorenal disease. 

It is the right and necessary move to make. This will ensure that an informed patient takes conscious 
control of managing their everyday life and adhere to the proper lifestyle, which is crucial in the case of 
cardiorenal disease.   

 

8) If you would change something in the health system towards this direction, what would it be? 

Include patient empowerment as a standard service within the healthcare system. Also, include a variety 
of other citizen prevention and awareness programs, including organ donation awareness. 

 

9) Would you promote a service/system empowering patients? How? 

Certainly. Considering my personal post, I would definitely include such a service as an experimental 
service in our Center (even before taken up officially by the national healthcare system).  

 

10) If yes, what would you want from such a service/system? 

I would place emphasis on informing patients of their condition, how it can worsen  and what  else (other 
symptoms and diseases) they might experience due to their current condition.  

 

11) What kind of alerts or alarms would you think as important for the prevention and management of 
chronic cardiorenal disease and comorbidities? 

I would like to see reminders of what they should eat and when they should be monitored. Also, any 
alerts and alarms should be accompanied with the right information.  

 

Interview #5 – Head of Cardiology Clinic 

1) Information about the job and key responsibilities: 

‒ Name:  Dr. David Symeonidis 

‒ Affiliation: Regional General Hospital of Kavala, Greece 

‒ Position: Head of Cardiology Clinic 

‒ Position Responsibilities: Coordination, management of clinical practice 
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‒ Years in this or at similar position: 8 years 

 

2) Relation to the field of cardiorenal disease and/or cardiorenal comorbidities  
 
Directly related (cardiology clinic). 

 

3) Major problems cardiorenal patients face 

The poor quality of life these chronic patients experience. This burdens also their psychological state. As 
disease progresses, hospital admissions increase and this further limit their normal activity. The risk of a 
sudden death also increases. The biggest challenge is to convince the patient to follow prescribed 
treatment, monitoring and diet. Also, to explain to them what disease progression and transition will bring 
to their everyday lives and wellbeing.  

 

4) Major problems encountered by the health professionals who deal with this disease 

The increased hospitalization rates which burdens the system and the work flow of the clinic. Also, the 
low rate of patient compliance with guidelines, which in turn increases the hospitalization rate.  

 

5) Most important steps for the prevention of disease 

Management of risk factors and patients compliance with guidelines. I would hope that a project such as 
CARRE can help in these by alerting and informing patients in a user friendly and non-intrusive way, and 
thus supporting them also psychologically.  

 

6) Familiarity with the term 'patient empowerment' 

Yes, I am familiar and supporter. However, I have not seen any real patient empowerment services 
implemented as yet.  

.   

 

7) Vision of empowerment of patients with cardiorenal disease. 

Inform them so that they can manage their everyday diet, monitoring and treatment more effectively. 

 

8) If you would change something in the health system towards this direction, what would it be? 

Implementation of programs for better outpatient monitoring, management and guidance of the patient 
and management of the disease. 

 

9) Would you promote a service/system empowering patients? How? 

Surely if it proves that really can offer to the patient and to health care system. 

 

10) If yes, what would you want from such a service/system? 

Infromation and notifications about comorbidities: deregulation of hypertension, diabetes, cardiac and 
renal function and activity of the individual.  

 

11) What kind of alerts or alarms would you think as important for the prevention and management of 
chronic cardiorenal disease and comorbidities? 
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Alarms that guide the patient to seek medical advice when necessary - the timely arrival at the hospital is 
crucial because it is a life-threatening disease. 

 

Interview #6 – Head of Nursing Personnel, Regional University Hospital 

1) Information about the job and key responsibilities: 

‒ Name:  (available from CARRE Coordinator on request) 

‒ Affiliation: Regional General University Hospital of Alexandroupolis, Greece 

‒ Position:  Head of Nurses 

‒ Position Responsibilities: Coordination and management of nursing staff 

‒ Years in this or at similar position: 4  

 

2) Relation to the field of cardiorenal disease and/or cardiorenal comorbidities  
 
Served as a nursing staff in 10 years in Cardiology Clinic and 6 years in Peritoneal Dialysis Unit.   

 

3) Major problems cardiorenal patients face 

Frequent visits to the hospital. It is crucial for such patients to be able to communicate with their 
nurse/doctor so as to avoid often unnecessary visits to the hospital.  

 

4) Major problems encountered by the health professionals who deal with this disease 

Healthcare professionals (especially nurses) should be better and fully informed with up to date 
information so as to be able to treat and guide patients accordingly.  

 

5) Most important steps for the prevention of disease 

Start very early in life. Parents should be well informed and educated so as to bring up their children 
teaching them a healthy lifestyle, personalized to them based on family history. This is the best way to 
prevent diabetes, obesity and hypertension which then very often lead to cardiorenal disease. An 
important issue here is public awareness via media and specific targeted interventions by the National 
Healthcare System.  

 

6) Familiarity with the term 'patient empowerment' 

Yes. I personally hear the term regularly in scientific conferences I attend the last years. Moreover, I can 
say that a good number of our nursing staff is regularly attending conferences and seminars on patient 
empowerment.  

 

7) Vision of empowerment of patients with cardiorenal disease. 

Focus on information on lifestyle and disease progression. I believe that when empowered the patient 
feels psychologically strong. The same holds for patients’ personal environment.  

 

8) If you would change something in the health system towards this direction, what would it be? 

Introduce citizen education on healthy lifestyle very early in life.   

 

9) Would you promote a service/system empowering patients? How? 
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Certainly. Moreover, I would be more than willing to get education on how to promote such a service and 
how to educate patients to use it.  

 

10) If yes, what would you want from such a service/system? 

Focus on supporting the patient to seek medical advice only when necessary, thus reducing cost and 
saving professional services for those in real need. Also, answer to health related questions, and 
maintain and provide information on personal medical data. Above all, such a service should be very 
strict to maintain personal privacy.  

 

11) What kind of alerts or alarms would you think as important for the prevention and management of 
chronic cardiorenal disease and comorbidities? 

Alert the healthcare professionals of a potentially life-threatening situation the patient is currently in. 
Calculate and project risks ratios for different patients based on their family history and lifestyle.  

 


