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Abstract — Big data analytics in healthcare is emerging as a promising field for providing imminent predictive
analysis from very large data sets and improving outcomes while reducing costs. Its potential benefits are
enormous. However there remain challenges to overcome. Cardiovascular diseases (CVD) are the major
cause and threat of mortality globally, as well as in India. They are caused by disorders of the heart and blood
vessels, and include heart attacks, stroke, raised blood pressure (hypertension), congenital heart disease and
heart failure. Most of the CVD can be prevented through proper risk assessment and necessary measures.
Prevention of CVD involves improving risk factors through healthy eating habits, physical activity, avoiding
tobacco smoke and alcohol intake. Treating risk factors, such as high blood pressure, blood lipids and diabetes
is also beneficial. In this paper, we used Framingham risk score for risk assessment and large scale data
analytics using hadoop map-reduce programming to estimate the patient risk for the data taken from Sai Balaji
Hospital, chittoor.

Index Terms — Big Data Analytics, Healthcare Analysis, Cardiovascular Diseases, Risk Assessment,
Framingham Risk Score, cloud computing.

I. INTRODUCTION

Huge volume and complex form of data has been generated rapidly across the globe. The big challenge
here is traditional data-processing software is inadequate to deal with them [15,16]. In particular the healthcare
industry historically has generated huge volume of data, driven by record keeping, compliance & regulatory
requirements, and patient care. The most of data are maintained through manually records [17]. The recent
trend is in the direction of digitization the healthcare records, as result it is driven by mandatory requirements
as well as to get better quality of potential healthcare delivery. This takes the major advantage of reducing the
healthcare cost, advanced clinical decision support, handling massive volume of data, hold the promise of
supporting complex medical and healthcare information, etc [18]. In recent years, healthcare data has reached
nearly 150 exabytes. With this rate of growth, the healthcare data is expected to reach zettabyte
(10?* gigabytes) soon and, not long after, the yottabyte (10%* gigabytes) of healthcare data [14].

Big data in healthcare is irresistible due large volume, diversity of data types and the rate of speed in
which it is managed. The data from source related to patient make up big data in the healthcare sector. It
includes clinical data like medical practitioner prescriptions, laboratory reports, medical images, pharmacy
information and other administrative data maintained in Electronic Health Records (EHRs). The potential
large healthcare analytics leads to better assessment of patient characteristics, recommendation of effective
treatments, applying advanced analytics, taking proactive measures, etc.
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Cloud computing is an on demand Information Technology (IT) based infrastructure allows to access
highly reliable of computing resources. It offers different service models, through it allows to Infrastructure,
Software and Platform as a services [5]. The adoption of cloud technology in healthcare organizations can
offer various services effectively. Some of the services offered are cost effective services, time access to
sensitive data, highly reliable storage, highly secured access, etc. Cloud computing support to manage broad
network access and resource pooling from electronic medical records (EMRs) [6, 7].

The disorders of the heart and blood vessels are commonly referred as cardiovascular diseases
(CVDs). It includes cerebrovascular disease, coronary heart disease, rheumatic heart disease and other
conditions. About one third of deaths are due to CVD [11], in which heart attacks and strokes are about four
out of five. Persons at risk are demonstrated due to smoking, diabetic, raised blood pressure, overweight and
obesity, etc. These can all be easily estimated in primary healthcare services. Classifying those at utmost risk
of CVDs and make sure they get proper treatment can avoid premature deaths. It is estimated that 90% of
CVD is preventable. Prevention of CVD involves improving risk factors. Preventive Treatments for risk
factors, such as high blood pressure, blood lipids and diabetes is also beneficial by systematic risk assessment.
The Framingham risk score is a long-term, ongoing risk assessment, 10 years CVD risk of an individual can
be estimated[1,2]. It is based on findings of the Framingham Heart Study.

In this paper, we collected the data from “Sai Balaji Hospital”, chittoor for risk assessment of
cardiovascular disease. The patient risk assessment was estimated use Framingham risk score. Further, other
risk factors have been analyzed with Map-reduce programming in cloud environment. The result has been
discussed and visualized.

1. LITERATURE REVIEW

According to literature existing, about 90% of data has been generated within last two years. Huge
volume of data generated through various sources like, web social media, healthcare sector, mobile networks,
business sectors, etc. The generated data are in the form of structured, semi structured and unstructured.
Analyzing and exploring of such records is highly inefficient through traditional processing system.
Cardiovascular diseases (CVDs) are the major cause of death globally. Due enlarged globalization and
urbanization, it is noticed that the risk factors for cardiovascular disease increased [4, 10]. About 17.7 million
people die every year due CVDs and it estimated to be 31 % of all global deaths. Nearly 75 % CVD deaths
occur in low income middle-income countries. Further it is expected that by 2030, 23.6 million people die
due to heart attack and any other cardiovascular disease [13]. In India, particularly in Andhra Pradesh cases
reported that between 21-25 % is at the age of 60 [12]. Further it is estimated most of the deaths are due to
CVD and average age is about 49 years. It is also noticed that, highest number of cases are reported in chittoor,
Guntur and krishna districts. The report states that 13,840 heart attack patients were hospitalized in the year
2016.

The risk assessment and prevention at the primary stage is simple to adopt and implement than
secondary stage of prevention. The prevention of CVD at primary stage focuses on detection of high-risk
factor that are the major cause of CVD. The key query to be resolved is how to define different risk levels
and assess the CVD risk. In this work, we estimated the risk levels of CVD using Framingham Risk Score.
For this work, we used various risk factors like age, diabetes, sex, blood pressure, LDL cholesterol, HDL
cholesterol, Body Mass Index (BMI), smoking, etc. to estimate CVD risk for 10-years.

1. PRELIMINARIES

Framingham Heart Study
The Framingham Heart Study is a long-term heart study on residents of the town of Framingham,
Massachusetts. The study was started in 1948 and commissioned with 5,209 adult subjects from Framingham,
and at present third generation of participants is taking part in this long-term study [3]. Several literatures
have been published related to Framingham Heart Study. It is widely accepted by many researchers as
outstanding risk assessment tool for CVD [8, 9]. From the beginning of the Framingham Heart Study it was
assumed that, cardiac health can be subjective by lifestyle and environmental factors, and also by genetic
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factors. This study is the source for the term risk factor. Earlier to the Framingham Heart Study, doctors had
slight sense of prevention. Based on Framingham Risk Score, Framingham Heart Study is estimated for 10-
year cardiovascular risk [19].

Framingham Risk Score

The Framingham Risk Score (FRS) is a long-term risk assessment algorithm. It one of the scoring
systems used to identify the chances of individual's developing cardiovascular disease. In the recent days,
several scoring systems are adopted for risk assessment. Cardiovascular risk Framingham scoring systems
are estimated as the probability that an individual get developed cardiovascular disease in a specified time,
generally 10 to 30 years [20,21]. FRS has been validated across the globe and there is only very minimum
evidence for improvement beyond FRS.

IV. PROPOSED ALGORITHM

Risk assessment of Cardiovascular diseases using Framingham risk score in Big Data environment

In this work, we have adopted Risk Assessment of Cardiovascular Diseases using Framingham Risk Score
in Big Data Environment and cloud. The CVD risk assessment and large data analytics is given in the Fig.
(1). Large healthcare data are generated from various healthcare sources like patients medical records,
laboratories, web portal, mobile healthcare applications, hospitals, pharmacies etc., in the form of EMR. Data
maintained in the traditional storage imitates a great challenge for managing large volume of healthcare data.
Hence traditional storage has been replaced by highly reliable Cloud storage. It supports to handling of huge
dynamic data efficiently.

Large-scale and complex data processing is carried out using map reduce programming in Hadoop big
data environment. It delivers effective services to take the complete benefit of big data. The potential benefits
include effective decision support system, advanced prediction, risk assessment, patient care, etc. In this work,
CVD risk assessment is carried out using Framingham risk score. Based on the risk assessment, effective
clinical analysis and recommendation are carried out effective. Further, healthcare organization performs data
visualization for further analysis and future direction.
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Fig.1.Road map cycle for designing and implementing collaborative learning.
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Dataset

In our work, we implemented risk assessment model for CVDs using Framingham risk score algorithm
and map-reduce program. For experimental analysis, dataset was collected from Sai Balaji Hospital, Chittoor.
Further, Dataset has been pre-processed and handled for large scale data analytics. Dataset has been managed
in cloud environment have been imported and processed to Hadoop-HDFS. Further, Large scale data analysis
has been carried out using Map-Reduce programming and Framingham risk score algorithm for risk analysis
and recommendation. For this study, Framingham risk score to predict long-term risk has been carried based
on Framingham risk maintained by ST ALBANS and HEMEL HEMPSTEAD NHS TRUST, Cardiology
Department.

V. RESULTS AND DISCUSSION

CVD risk analysis has carried out using Framingham risk and various risk levels has been identified
and analyzed. High risk, Low risk, Medium risk, Very low risk levels has considered for this work.

Age based CVD Risk Analysis
Age based Risk analysis is mentioned in the Table.1 with various risk levels with varying age.
Table.1 — Age based CVD Risk Analysis

AGE | 30-40 40-50 50-60 >60
HR 0 2 7 10
MR 0 5 7 1
LR 0 4 2 0
VLR 7 9 2 0
12
10
8 m 30-40
6 m 40-50
4 50-60
2 | I  m>60
0 - : : .
HR MR LR VLR

Fig.2. Age based CVD Risk Analysis

It is inferred from above Fig.2 that, there is higher chances of risk at older age compared to middle and
younger age.

Diabetics based CVD Risk Analysis
Diabetic based Risk analysis is mentioned in the Table.2 with various risk levels with varying age.
Table.2 — Diabetics based CVD Risk Analysis

Diabetics HR MR LR VLR
Individuals

without

Diabetics 3 1 3 11
Individuals

with Diabetics 6 1 0 2
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Fig.3. Diabetics based CVD Risk Analysis
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It is observed from Fig.3 that, the patients with diabetics are having more chances of CVD risk
compared with patients without having diabetics.

Smoking based CVD Risk Analysis

Various risk levels of smoker and Non-Smoker is mentioned in the Table.3

Table.3 — Smoking based CVD Risk Analysis

HR MR LR VLR
Non-Smoker 3 5 4 9
Somker 13 6 2 3

14

MR

LR

VLR

® Non-Smoker

m Somker

Fig.4. Smoking based CVD Risk Analysis

The smokers are at higher risk compared to non-smokers, which can be inferred from the Fig.4.
Further, smoking habit can highly influence in getting CVD risk.

Cholesterol based CVD Risk Analysis

Various risk levels and different cholesterol range is given in the Table.4

Table.4 — Cholesterol based CVD Risk Analysis

Cholesterol 0tol 1tol1l5 1.5>
HR 7 3 9
MR 4 6 4
LR 3 4 1
VLR 5 11 1
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Fig.5. Cholesterol based CVD Risk Analysis

It is observed in Fig.5 that, higher cholesterol values have more chances of CVD risk compared with

patients having lower range.

V1. CONCLUSION AND FUTURE WORK

The HealthCare sources generate large volume data and expected to generate at exponential rate in

the years to come. The deaths across the globe due to CVD are a major concern as it is about one-third of
the deaths globally and most of which may be prevented. Hence, it is a prime concern for healthcare sector
to develop a risk assessment model to perform primary different analysis on Large Healthcare data
maintained in Cloud environment. In this paper, the risk assessment model has been developed for CVD
using Framingham risk score algorithm. For analysis, dataset collected from Sai Balaji Hospital, Chittoor
has taken for study. Various analyses have been carried out to demonstrate CVD risk and its impact. The
experimentation has been carried out using map reduce programming in Hadoop Big Data environment.
In the present study we are greatly limited with data size. In future work, we planned to extend our analysis
with the large volume as well different regions across the state.
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