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Abstract 

We proposed a framework for early warning of Cardiovascular diseases (CVDs) under mobile environment, which is a real-time 
and personalized problem involving various complex knowledge. Specially, the principles and methods for early warning are 
proposed, as well as the selection and collection of key indicators. The system integrates patients and families, physicians, hospitals 
and community clinics, which consists of two tiers. The mobile device tier could detect the abnormal situations of the patients, and 
the service center will discover and refine the knowledge of personal situation which could increase the effect and efficiency of 
CVD’s early warning. 
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1. Introduction 

Cardiovascular diseases (CVDs) have become the number one killer of the residents in China with the characters 
of high morbidity and fatality rate. Data released by the Ministry of Health in 2012 showed that the number of patients 
with CVDs in China has increased to more than 270 million and almost 3 million patients’ died of CVDs which 
accounts for 41% of the total patient deaths. Annual medical costs for CVDs has reached to 130 billion RMB. The 
treatment effect of CVDs is decreasing with the passage of time, for example, 25% patients are dead before reaching 
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the hospital after CVDs erupted, and most of the survivors are left with varying of sequelae. Therefore, an effective 
early warning of CVDs to extend the time for first-aid treatment, has an important significance to 270 million CVD-
patients in China.  

Since the onset of CVDs is full of suddenness and uncertainty, which will lead to the following two 
consequences. (1) The first one is over treatment, which means that even though the risk is low, the patient still tends 
to stay in hospital for observation for a longer time, resulting in a tremendous waste of medical resources. (2) The 
other situation will be the delayed rescuing - once the CVDs attack a patient in their daily life, the professional 
medical equipment are often far away from the site, which consequently increase the difficulty in timely and 
appropriate rescuing. In recent years with the development of IoT (Internet of Things), the concept of “Hospital to 
Home” has been realized step by step, which could ease the current situation of hospitalizing, and increase the medical 
resources utilization. On the other hand, an effective early warning of CVDs can prolong the rescuing time, relieve 
the worries of patient’s family, and guarantee the safety of patients at the maximum level.  

The innovative IoT technologies have opened up the new fields in intelligent and mobile health care area, and 
also bring opportunities for CVDs care. Particularly, mobile health care, as a new hospitalizing model, will change 
the traditional medical patterns of doctor-seeing, monitoring and medical care. A new industrial chain has been 
formed gradually. It is expected that by the end of 2017, the market scale of mobile healthcare in China will reach to 
about 12.53 billion RMB, then there will be 3 million mobile devices connected to the “medical LAN” in ubiquitous 
wireless networks. Moreover, the wearable medical sensors will exceed 100 million units.  

However, there are several important issues lie in the intelligent health care, for example, law issues, data 
security, personal privacy, lacking of professionals, to name a few. And the key question is the inadequate level of 
intelligence of the devices because of the complexity of medical knowledge. Therefore, exploring the intelligent early 
warning methods under the mobile environment to identical the real dangers of the patients quickly and correctly is 
most important for improving the standard of health care in the name of intelligence.  

The paper is organized as follows. Literature review on the current related work is conducted in Chapter 2, 
followed by a detailed analysis of the problem and the basic rules of the system design in Chapter 3. Section 4 
introduce the choosing of key indicators as well as the early warning methods. The early warning platform are shown 
in Chapter 5. Finally we conclude our study in Chapter 6. 

2. Literature review  

We hereinafter review the most related research areas to our problem, namely (1) the medical or clinical results 
of CVDs and (2) real-time abnormality detecting technologies and platforms.  

For CVDs, plenty of research has been conducted from the perspective of medical statistics and try to obtain the 
key factors of CVDs evolution from the external environmental factors, individual living habits, inherent personality 
factors and pathological point of view. Sundell et al. (2008)[1] reveals that smoking is the secondary cause for the 
male’s CVDs morbidity and mortality, and obesity and overweight are individual risk factors for CVDs. The 
relationship between the time occurrence and blood pressure has been studied by Verdecchia et al. (2012)[2]. 
Experiments conducted by the group of Japan Morning Surge-Home Blood Pressure Study Investigators compared 
the nighttime home blood pressure and hospital blood pressure and conclude that the added blood pressure testing 
and monitoring at home could increase the ability of risk assessment (Ishikawa, et al. 2012)[3]. The effect of lipid 
levels on the incidence of CVDs have been investigated (Zeng, et al., 2008; Wang, et al., 2008)[4-5]. Many scholars 
focus on the meteorological factors, for example temperature, air pressure, wind speed, to name a few (Shaposhnikov, 
et al., 2013; Zheng, et al., 2013; Yue and Shen, 2009)[6-8]. In addition, personal factors such as character, exercise 
habits also have a great impact on the incidence of the disease (Yang, 2003)[9].   

On-line abnormality detection is an important research branch originated through combination of health care 
and artificial intelligence. Hong et al. (2011)[10] developed a condition-based monitoring of patient behavior and the 
indoor air quality for syndromic surveillance of chronic disease, which could automatic prevent risks and detect 
abnormality in time. Charbonnier and Gentil (2010)[11] proposed a multivariate trend extraction method for an alarm 
validation system using fuzzy decision making. The results indicate that the false alarm rate is up to 85% when using 
single indicator. Moreover, in order to reduce the false alarm rate, it is important to use multi-sources data and to 
concentrate on the relationship between them. A sliding windows based data stream processing is an effective method 
for real-time data statistics under resource constrains (Zhou et al., 2008; Datar et al., 2012)[12-13]. However, due to the 
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limitation of windows choices, it sometimes can hardly recognize the abnormality between the windows. Chandola 
et al. (2009)[14] find out that there are tremendous differences in defining abnormality for different problems. 
Consequently, it is difficult to have a unified approach and a large amount of training data is important to ensure the 
applicability of the model.   

Zhang et al. (2010) [15] conducted the real-time and self-adaptive stream data analysis methods for intensive care 
management and subsidized by Australian National Fund for Scientific Research (ARC Linkage Project). The team 
proposed a two-tier framework for real-time intensive care, where the support vector machine regression method is 
used to predict various indicators, and the streaming data mining techniques are applied for knowledge discovery and 
machine learning. This framework combines the technologies of knowledge engineering and stream data processing, 
which can fully take advantages of data processing and human experience and improve the accuracy of forecasting 
and early warning.   

We can conclude that the current research related to real-time abnormality provide us foundations for exploring 
the early warning system under mobile environment. However, these cannot be applied to the mobile environment 
directly for the following reasons. (1) Under the IoT environment, a huge amount of data will be collected and 
analyzed real-timely. However, the resource constrains of the mobile device will limit the function of data storage and 
processing.  (2) How to appropriately use the professional experience and knowledge to increase the efficiency in 
early warning and (3) how to consider historical date, changing environment and the patients activities are also our 
concerns. Therefore, how to design a synchronization and coordination system with resource limitation of mobile 
devices are the questions worthy of exploration.   

3. Problem Description and Principles of System Design  

  
Figure 1. Principles of the Early Warning System under Mobile Environment  
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Early warning of CVDs is a complex and dynamic decision-making problem and it requires to consider the 
patient's physiological characteristics, current behavior of patients, for example, his/her current state of eating or 
sleeping, and the external environment’s, like location and weather. Therefore, it will reduce the warning accuracy by 
setting one or more parameters as thresholds of warning. By taking advantages of the IoT technologies, the early 
warning system could automatically monitor and store a large amount of data, which could be processed and analyzed 
real-timely. Through reasoning using the professional knowledge, the platform could assess the risk of current context 
from the system’s perspective of view, in order to identical the abnormality effectively.  

According to the analysis above, we design the Early Warning System for Patients with Cardiovascular Diseases 
under Mobile Environment, and the basic principle of the system is shown in Figure 1. First, the current activity and 
indicators of the patient, as well as environment data will be collected and pre-processed by wearable sensors for 
example, blood pulse sensor, ECG sensor and temperature sensor, to name a few. We define this module as (1) “Real-
time Data Collecting and Processing Module”. The second functional module is called (2) “Off-line Knowledge 
Mining Module” where the knowledge associated to the individual patient will be obtained to amend the knowledge 
base. The (3) “On-line Data Flow Analyzing Module” with the main function of context recognizing, abnormality 
detecting and risk predetermine is running based on the real-time collected data and the pre-determined knowledge 
base. Finally the system could give the early-warning alarms or the health activity planning real-timely for the patient.  

4. Selecting Key Indicators and Procedure for Early Warning of CVDs  

4.1. Selecting Key indicators and the Collecting Solution  

The indicator selection under mobile environment should balance between the need of diversity and accessibility. 
The requirement of diversity of data source could guarantee the accuracy of early-warning. Meanwhile, the 
accessibility of data under mobile environment will constrain the diversity. On the other hand, our direct contact with 
the patient shows that the ease of use for the wearable sensors will affect their adoption decisions. Based on the rules, 
we have interviewed with several experts and patients (4 experts and 12 CVDs patients from Second Hospital of 
Dalian Medical University) and set up the following key indicators and collecting solution as shown in Table 1. The 
indicators can be classified as two sets. The first set include blood pressure, ECG, SPO, body temperature as well as 
location which can be obtained by wearable devices and collected automatically. The second sets are the indicators 
that should be tested by the patients themselves, for example GI, blood lipids and body fat percentage. And the 
frequency are set as an acceptable level to balance between the need of accuracy processing and convenience of 
patients.  

Table 1. Data Collecting Solution  
Indicators  Collecting Frequency  Description  
Blood Pressure  30 Sec  Wearable Device  
ECG  30 Sec  Wearable Device  
SPO  30 Sec  Wearable Device  
Body Temperature  30 Sec  Wearable Device  
Location  30 Sec  Mobile phone or device with GPS  
GI  1 times per day  Tested by patients themselves before and after breakfast  
Blood Lipids  1 time per day  Tested by patients themselves before and after breakfast  
Body fat percentage  1 week  Tested by patients themselves  

4.2. Procedure of Early Warning  

Once the mobile terminals start working, there will be a mass of data stream which is multi-sources and 
heterogeneous. Then the first work of the system is to pre-process the data and upload them to the service for storage 
and analysis. As shown in Figure 2, the data collected will be used in three parts, namely abnormality identification, 
risk forecasting and early warning, and knowledge obtaining and updating. The abnormality identification is realized 
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by real-time monitoring of the indicators and analyzing the date based on the pre-determined abnormality cases in the 
knowledge base. Here the feature extraction and similarity calculating are used to discover the potential abnormality. 
Once an abnormal situation is found out, we need to evaluate whether the current situation will pose a health risk. 
The rule-based reasoning and data regression are used to evaluate the current scenario constitute of various on-line 
indications. If the health risk is evaluated as a high level, an early-warning of risk will be triggered. The data collected 
will be stored at the service and used for off-line knowledge mining to amend the personal warning rules.  

The quality of the knowledge base is important for the reliable early warning, and the knowledge for CVDs 
warning includes common knowledge and personal knowledge. In this research, we firstly acquire the common 
knowledge elements through professional experts, and then by reference to the typical patients the personal rules will 
be extracted. Moreover, when the system is running, plenty of updated data will be analyzed to generate new 
knowledge and amend the knowledge base as explicated in Figure 2  

  

  
 

   Figure 2. Procedure and Methods of Early Warning under Mobile Environment  

5. Design of the Early Warning System  

5.1. System Users  

The involving users of the system are listed as follows. (1) The CVDs patients and his/her family members. The 
early warning service is not only provided to the CVDs patient but also to his/her family members. By letting his/her 
family be informed at the same time could help to reduce the injury level and get immediate salvation because most 
of the time, the CVDs patient could lose consciousness when a sudden stroke happens. (2) Responsible medical care 
persons, including the physicians and nurses. (3) Hospital who possess the warning system. (4) Nearest clinic or first-
aid station in communities, which could reach the patients as soon as possible. According to statistics, most of the 
community clinics can be reached within 10 minutes near the city's residential areas. And the medical staff of the 
clinics are all trained to provide first-aid as soon as possible. Consequently, we can see the application of the system 
is not only a problem of technology, but also a coordination process to incentive several organizations to operate 
together.   



824   Yan Fang et al.  /  Procedia Computer Science   96  ( 2016 )  819 – 825 

5.2. Design of the System Framework  

  
Figure 3. Architecture of the System  

The architecture of the early warning system for the CVDs is designed as shown in Figure 3. The system consists 
of four subsystems, including data collecting, service center dealing with data analysis and knowledge base updating, 
interface subsystem interacting with all kinds of users, and data transmission subsystem. In order to balance between 
the efficiency and effectiveness, a two-tier framework is used including service center level and mobile terminal level, 
where the mobile terminal could store the important personal features and detecting abnormality, while the mass 
knowledge base and complicated data analysis will be processed in the service center.   

6. Conclusions  

A framework for early warning system for CVDs under mobile environment is presented. The principles of 
system design which could take advantages of both on-line analyzing and off-line knowledge mining. The key 
indicators and the collecting solution are investigated to balance between effectiveness, efficiency and patients’ 
convenience. The procedure for early warning of CVDs is proposed using methods of knowledge engineering and 
data mining. Finally a two-tire platform has been conducted which could not only realized the data transmission 
between multi-users, but also give a timely alarm for the CVDs patients. Further research areas include (1) knowledge 
representation and reasoning for the early warning, (2) abnormality identification methods based on the streaming 
data analysis, and (3) system development and implementation.  
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