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Abstract 
There is evidence in scientific literature that blood pressure 
reduction in people with more than 140/90 mmHg results in 
a significant reduction of the patient’s risk for cerebral and 
cardiovascular accidents. Moreover, it is recognized that 
partnership and good communication between patients and 
healthcare providers are essential to improve blood pressure 
control. This communication is not easy, because the 
contacts with the institutions are limited to periodical 
control visits at the hypertension department (every 6-12 
months).  
It is known that lack of compliance with treatment is the 
main cause of the failure of hypertension control. Moreover, 
the compliance is not only a patient’s problem, because 
statistics of drug prescriptions show that general 
practitioners (GPs) are not enough aware of the importance 
of such a treatment, in particular for mild hypertension. It 
has been argued that this behavior is caused by lack of 
correct perception of the cardiovascular risk.  
That’s why recent theories highlight the need for health 
professionals of increasingly performing risk assessment 
and risk communication; this should be accompanied by the 
perception of risk control, i.e. the patient must be convinced 
that he can decrease the risk by modifying his behavior.  
This work aims at introducing this “risk theory” into a 
system that is under development since some years, dealing 
with tele-homecare of hypertensive patients. 

Introduction 

We start describing the Homey Project. Homey is an EU-
funded project for the home-monitoring of hypertensive 
patients, whose aim is to provide a “continuity of care”, 
with the final goal of fostering both patients’ and GP’s 
compliance to the treatment assumption and prescription, 
respectively (Azzini et al. 2002, Azzini et al. 2003).  
Homey relies on an Electronic Patient Record (EPR) and 
an intelligent dialog system (Figure 1).  
A relational database serves as the EPRs data repository; it 
stores personal data, clinical history, life habits, tests and 
treatment prescriptions.  
The data acquisition process may develop both during the 
traditional encounter at the hospital department, and via an 
automatic dialog engine that talks to the patient through the 

phone. In fact, physician can view, insert and modify 
patient’s data during the traditional visit, through a user-
friendly web interface built with JSP technology. 
Moreover, the intelligent dialog system provides the 
spoken interaction with the patients; it is run by a call 
center connected to the telephone network. In such a way 
patients enter a subset of data directly from home, by 
telephone, calling a toll-free number. 
The patient, in general every two weeks, communicates the 
results of self-measurements, such as arterial blood 
pressure, heart rate, body weight, life habits, etc., and 
answers additional system questions. The sequence of 
questions and the reminders produced by the system are 
tailored to the patient’s clinical status. Some examples of 
such tailoring are:  
1) Asking questions about the possible side effects, 

according to the drugs that the specific patient is 
taking;  

2) Learning the patient’s habits and decreasing the 
frequency of questions about smoking, diet, and 
physical exercise after a certain sequence of identical 
answers;  

3) Checking for weight increase or decrease, and 
intervening with suggestions if it is the case.  

In this paper we propose an additional “dynamic” 
adaptation feature, related to the patient’s cardiovascular 
risk and theories on risk perception and management (Van 
der Pligt 1998, Edwards 2002). As a matter of fact, the 
three above examples of personalised dialogue are based 
on the analysis of the current patient’s status, and on the 
comparison, more or less sophisticated, between actual and 
past data. But, at this level, data are still kept separated. 
The improvement that we propose is the system dialogue 
adaptation based on the estimate of the patient’s 
cardiovascular risk, i.e. a measure that puts together all the 
patient’s data and provides an indicator for the patient’s 
future. In fact, according to the risk class assignment, the 
system will run a Markov process and will predict the 
disability-free survival time in different scenarios, 
combining compliance/non-compliance with the drug 
therapy and correct/wrong life style. Communicating these 
profiles to both patient and GP could be very useful to 



improve compliance. Since the risk profile of a patient may 
change over time, the model will be executed at regular 
intervals, to produce the most reliable and updated 
estimates. 

Cardiovascular Risk 

Several algorithms have been proposed in the literature for 
the calculation of the cardiovascular risk and, even within 
the same country, there is no agreement on a specific 
method (Quaglini et al. 2003) . Also considering that the 
system is implemented in Italy, we offer the choice among: 
• The Framingham algorithm (NCEP 2001); 
• The algorithm provided by the European 

Hypertension Society Guidelines (EHS 2003); 
• The algorithm provided by the “Progetto Cuore” 

(Calmieri et al. 2004). 
The Framingham risk is calculated taking into account six 
risk factors (age, gender, total cholesterol, HDL 
cholesterol, smoke, systolic blood pressure) and the 
information regarding the medications to treat high blood 
pressure that the patient is possibly taking. The risk is 
expressed by a score representing the 10-year risk for 
“hard” coronary heart disease outcomes (myocardial 

infarction and coronary death). 
The algorithm provided by the EHS stratifies the risk 
(cardiac and cerebral events) into 4 levels as shown in 
Table 1. It is derived from the scheme included in the 
1999 WHO/ISH guidelines (WHO 1999), but extended to 
indicate the added risk in some group of subjects with 
“normal” or “high normal” blood pressure. The terms low, 
moderate, high and very high added risk are calibrated to 
indicate an approximate absolute 10-year risk of 
cardiovascular disease of 15%, 15–20%, 20–30% and 
30%, respectively. 
The cardiovascular risk chart provided by the “Progetto 
Cuore” is specifically addressed to the Italian population 
and gives the likelihood of experiencing a first major 
cardiovascular event (myocardial infarction or stroke) 
over the following ten years, when the values of six risk 
factors (gender, history of diabetes, smoking, age, systolic 
blood pressure and total cholesterol) are known. The 
cardiovascular risk is expressed using six categories, 
named MCV (see Table 2). 
In addition to the point-in-time estimates, risk calculators 
allow forecasting the risk temporal pattern, as a function 
of changes of life style, of taking medications lowering 
blood pressure and/or lipids, etc. Moreover, quantifying 
risk makes the assessment of the patient’s health status 

Table 1 – Risk stratification from (EHS 2003) 
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Figure 1 – The System architecture 



more objective and allows also later comparisons to be 
made.  
 

Table 2 – Category levels 
Category Risk level over 10 years 

MCV I Below 5% 

MCV II 5%-10% 

MCV III 10%-15% 

MCV IV 15%-20% 

MCV V 20%-30% 

MCV VI Over 30% 

The models 

The cardiovascular risk, calculated with the three methods 
explained in the previous paragraph, is transformed into a 
transition probability of a Markov model, namely the 
probability of having a stroke or a MI over a one-year time 
slice (the proportion of strokes over MIs has been taken as 
the proportion of the respective incidences in our country, 
and it varies according to sex and age).  
We devised two different Markov models, to be executed 

Figure 2 – The Markov process for patients without past history of cerebro-cardiovascular disease (dotted 
circles represent point-in-time events) 
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Figure 3 – The Markov process representing the secondary prevention model with all its possible transitions 
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according to the patient’s past history. The model for the 
primary prevention phase, shown in Figure 2, is suitable 
for patients without previous history of cerebro- or 
cardiovascular disease. Dotted circles represent acute 
events, and are not considered as states of the process. 
Grey arrows represent the risk modulation due to the 
combination of the different risk factors, shown in the 
rectangle at the left. In this model, the patient starts the 
process in the “healthy” state (i.e. asymptomatic, even if 
with hypertension). Each next year he may stay healthy, or 

have a myocardial infarction (MI) or a stroke, or die for 
other causes. An acute event may cause a sudden death, 
and in any case it increases the future death risk. After a 
MI the patient may recover, but it will never be “healthy” 
again. The same occurs after a stroke, where we 
distinguish between two states: post-stroke disability and 
no post-stroke disability. In fact, with respect to MI, stroke 
may lead to more severe functional impairment, highly 
affecting the quality of life. 
When a patient experiences a MI or a stroke, he will be 

 

Figure 4 – Complete Markov process 



enrolled into another model, called secondary prevention 
model, with initial state “post-myocardial infarction”, or 
“post-stroke disability”, or “no post-stroke disability”. This 
model, shown in Figure 3, will take into account the 
possible relapse that could be either in the cerebral or in 
the cardiac district.  
The computational model, combining the two above 
processes, is represented in Figure 4, and has been 
implemented using TreeAge Pro Suite ™ (TreeAge), a 
computational tool to build and analyze decision trees. The 
Markov process starts at one of the following possible 
initial states: 
• Healthy; 
• Post MI; 
• No post-stroke disability; 
• Post-stroke disability; 
• Death. 
The transition probabilities among these states are 
estimated according to the patient’s actual cardiovascular 
risk calculated using one of the 3 methods described 
(chosen by the physician). 
For example, if an individual is healthy at the year y, then 
at year y+1 he might be assigned to one of the following 
states: 
-  Healthy: the individual remains in the healthy state. 
- First stroke: the individual experiences a stroke, that can 

cause immediate death (death for stroke), or a 
functional impairment (post-stroke disability) or no 
consequences at all (no-post stroke disability). 

- First MI: the individual experiences a myocardial 
infarction that in some cases could be fatal (death for 
MI). 

- Death for other causes: the Italian life tables published 
by the National Institute of Statistics (ISTAT) have 

been used to look up the transitional probabilities from 
alive to dead; those tables provide the separate annual 
risk of death for males and females from 0 to 120 
years. 

If an individual has already experienced a MI, he is in the 
post MI state: he may stay in the post MI state or he may 
experience another adverse event. In case of a stroke, if the 
stroke doesn’t cause functional impairment, the individual 
will be tagged as still belonging to the post MI state. 
Otherwise, in case of functional deficit, the individual will 
move to the post-stroke disability state. In case of the 
occurrence of another non-fatal MI, the individual remains 
in the post MI state. 
About no post-stroke disability and post-stroke disability 
states, it has been assumed that an individual in the no 
post-stroke disability state who experiences a non-fatal MI 
will move to the post MI state, while an individual in the 
post-stroke disability state who experiences a non-fatal MI 
will remain in the post-stroke disability state because the 
consequences on health are worse in case of stroke with 
functional impairment with respect to a MI. 
 
To quantify the model, in addition to cardiovascular risk 
calculators and population statistics, we need the 
proportion of patients suffering from post-stroke disability, 
as well as the additional risk of death in survivors of a first 
acute event. This information is provided in the Italian 
guidelines for stroke management (SPREAD 2003).  

The System Functionality 

The results of the model will be exploited during the 
interaction with the home monitoring system. After 

Figure 5 – Risk variation along the time 
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collecting, through the telephone dialogue system, the 
information about the current health status of the patient, 
the new functionality will consist in:  
• Calculating the cardiovascular risk, according to the 

current risk factors detected; a particular functionality 
for the physician visualizes the variation of the risk 
along the time (Figure 5).  

• Using that value, together with other time-varying 
information (e.g. age), to adapt the dialogue to the 
current situation. 

• Execute the model both in the actual and future 
hypothetical scenarios, and give an immediate 
feedback to the patient with a sentence that 
summarizes the expected disease-free survival.  

For example, in case of high blood pressure values in spite 
of a prescribed treatment, there is the suspect of low 
compliance, thus the patient is reminded to take the 
prescribed drugs and follow the suggestion for an healthier 
life style: “you are expected to live about 10 years healthy, 
but afterwards you have a certain risk of suffering from 
stroke or myocardial infarction; if you try complying more 
with your drug therapy and diet, keeping your blood 
pressure levels above 140/90, you can reduce this risk, and 
you are expected to live without problems with a very high 
probability”.  
The sentences like the one above are tuned according to 
the history of the patient’s risk, in such a way to acquire a 
reassurance or an alerting mood.  
Contemporary, a message can be generated for the GP, 
with the same information but using a scientific 
terminology. Also the costs could be predicted for the 
different patient’s life scenarios, and this information, 
which is not of direct interest to the patient, could be of 
interest for the healthcare providers.  

Discussion 

Patients’ involvement in the healthcare delivery process, 
when possible, is highly recommended. Chronic 
pathologies, such as hypertension, are a suitable area of 
such an intervention. The potential of telemedicine systems 
for homecare delivery to chronic patients has already been 
shown, but we think that a step forward can be done by 
empowering these systems with a more personalized, 
attractive, and pro-active interaction with the final user. 
The present work shows how recent theories on risk 
perception and behavioral change can be applied to 
telemedicine systems to reach this goal. The complete 
system is now at a prototypical level: we are linking the 
Markov model to the original system waiting for the 
evaluation phase that could start on the patients already 
enrolled for the Homey evaluation. 

References 

Azzini I.; Giorgino, T.; Quaglini, S.; Rognoni, C.; and 
Stefanelli, M. 2002. Home Monitoring of Hypertensive 

Patients through Intelligent Dialog System. Proceedings of 
the 2002 AMIA Annual Symposium, ed. Isaac S. Kohane; 
967-70. 
 
Azzini I.; Falavigna, D.; Giorgino, T.; Gretter, R.; 
Quaglini, S.; Rognoni, C.; and Stefanelli, M. 2003. 
Automated Spoken Dialog System for Home Care and 
Data Acquisition from Chronic Patients. Stud Health 
Technol Inform, ed. IOS Press; (95):146-151. 
 
Calmieri, L.; Panico, S.; Vanuzzo, D.; Ferrario, M.; Pilotto, 
L.; Sega, R.; Cesana, G.; e Giampaoli, S. per il Gruppo di 
ricerca del Progetto Cuore. La valutazione del rischio 
cardiovascolare globale assoluto: il punteggio individuale 
del Progetto CUORE. Ann. Ist. Super. Sanità 2004; 40(4). 
 
Edwards, A.; Elwyn, G.; and Mulley, A. 2002. Explaining 
risks: Turning Numerical Data into Meaningful Pictures. 
BMJ 2002; 324:827-30.  
 
ESH 2003 - European Society of Hypertension –European 
Society of Cardiology guidelines for the management of 
arterial hypertension. Guidelines Committee. Journal of 
Hypertension 2003; 21:1011-1053. 
 
ISTAT - Istituto Nazionale di Statistica, www.istat.it 
 
NCEP 2001 - Third Report of the National Cholesterol 
Education Program. Expert Panel on Detection, 
Evaluation, and Treatment of High Blood Cholesterol in 
Adults (Adult Treatment Panel III). Executive Summary, 
National Cholesterol Education Program, National Heart, 
Lung, and Blood Institute, National Institutes of Health, 
NIH Publication No. 01-3670. 
 
Quaglini, S.; Stefanelli, M.; Boiocchi, L.; Campari, F; 
Cavallini, A; and Micieli, G. 2003. Cardiovascular Risk 
Calculators: Understanding Differences and Realising 
Economic Implications. In Proc. MIE 2003 - Medical 
Informatics Europe, IOS Press, Stud Health Technol 
Inform. 2003; 95:617-22. 
 
SPREAD 2003 - Ictus cerebrale: linee guida italiane di 
prevenzione e trattamento.  
 
TreeAge Software Inc. - www.treeage.com 
 
Van der Pligt J. 1998. Perceived Risk and Vulnerability as 
Predictors of Precautionary Behavior. British Journal of 
Health Psychology 1998; 3:1-14.  
 
WHO 1999 - World Health Organization. International 
Society of Hypertension guidelines for the management of 
hypertension. Guidelines Sub-Committee. J Hypertens 
1999; 17:151-183.  
 


