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Abstract 

In todayôs information age, data acts as a catalyst while the data analysis plays a vital role to empower any sector. 

Health informatics is an area which is momentous and highly progressive. The statistical information extracted 

from the data is highly influential in making decisions in various perspectives. Moreover, the Cardio and 

respiratory disorders are constantly making a huge impact. Although the governments are making their efforts to 

address this global issue, its prevalence is becoming burdensome. Covid had made the situation disruptive. In this 

paper, a recent Covid dataset is considered to be the subject for analysis. A detailed analysis has been made on 

the data and the results are discussed comprehensively. Although the dataset contains data pertaining to various 

health disorders, the focus of paper is on Cardio vascular and pulmonary data. Various analytical aspects such as 

Uni variate analysis, Bi variate analysis, Hypothesis testing and Machine Learning are performed. Survival status 

due to various disease factors also is discussed. In this Artificial Intelligence era, Machine learning and Deep 

Learning are imperative and authoritative. Few machine learning analysis models are applied on the data and 

discussed precisely. Finally, how these statistical results could be interpreted are specified. 

Keywords: Statistical analysis on healthcare data, Healthcare data analysis, Pulmonary data analysis, Cardio 

vascular data analysis. 

1. Introduction  

Health is an intrinsic part of life and due to having good health a productive lifestyle could be led. In todayôs 

world abnormal living and food habits are leading to health disorders which are making the entire society disabled. 

Despite the technology advancements, the epidemics and pandemics are choking the people as well governments. 

Majorly the epidemic progression is characterized by the U-turn in the socio-economic gradients; usage of 

tobacco; consumption of low vegetables and fruits and other such factors. 

Not only the biomedical approaches which are being implemented as part of treatment and diagnosis, but also the 

focus must be on social determinants such as Physical inactivity, usage of tobacco, harmful alcohol usage, air 

pollution, poverty, unhealthy diet, gender inequalities and occupational exposure and pressure so that disease 

prevention could be effectively done. Although several strategies are being implemented by the Governments, 

technology being updated; the mortality rate is exponentially increasing worldwide. The number of deaths is 



Tuijin Jishu/Journal of Propulsion Technology 

ISSN: 1001-4055 

Vol. 45 No. 4 (2024) 

__________________________________________________________________________________ 
 

1895 
 

depicted in figure 1 below. Moreover, the top 10 causes [3] of death are also presented in figure 2.  

 Fig 1: No. of deaths over the time 

It could be understood that among the top 10 diseases those are instigating mortality, heart diseases and pulmonary 

diseases are the leading death causes. Although Covid 19 seems to be a leading one, it is influential during the 

pandemic years. However later due to the pandemic, the vital human organs of the effected persons are at risk. 

 

Fig 2: Top 10 causes of death (globally) ï 2000, 2019, 2020, 2021. 

Health diseases are basically of two categories communicable and non-communicable among which the latter 

ones are impacting more. The trend of communicable vs non communicable for the past twenty years is as shown 

in figure 3. 
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Fig 3: Communicable vs non communicable for the past twenty years 

Nearly 70% of the world's fatalities occur as a result of noncommunicable diseases. These include cardiovascular 

disease, stroke, cancer, diabetes, and chronic obstructive pulmonary disease. There has been no discernible 

improvement in the fight against CVD on a global scale. Although death rates due to cardiovascular disease have 

been declining worldwide for the past 30 years, but this decline has stuck and become adverse if we don't take 

necessary measures.  

Fig 4: Number of deaths and death rate due to cardio vascular diseases during past 40 years 

Socioeconomic status, metabolic factors, behavioural factors, and environmental factors are all potential causes 

of cardiovascular diseases (CVDs), which impact the heart or blood vessels. These encompass a wide range of 

health issues, such as hypertension, diabetes, heart disease, lung disease, cancer, obesity, inactive lifestyle, 

hazardous alcohol consumption, stress, and poor dietary habits. 

Worldwide, CVDs are the prime cause of mortality rate for many years. The number of fatalities caused by 

cardiovascular diseases increased dramatically from 12.1 million in 1990 to 20.5 million in 2021, accounting for 
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approximately one-third of all deaths worldwide. The leading cause of premature death for men in 146 countries 

and for women in 98 countries is ischaemic heart disease. 

Among the cardio vascular diseases, ischaemic heart disease remains the top cause of death. In 2021, hypertension 

was a factor in nearly 10.8 million fatalities worldwide, making it the top risk factor for cardiovascular disease. 

The number of deaths and death rate due to Cardio Vascular diseases [1] [2] during the past forty years is presented 

in fig 4. 

The second leading cause of deaths are pulmonary diseases which are also of type non communicable. Due to 

these two aberrant types of diseases, the death rates are at peak and the Life expectancy is coming down. Also, 

they account for a substantial burden worldwide. As per the WHO report, more than 8 million people are dying 

every year from respiratory diseases consequently in 2019 they are at the third position among the top ten killers 

in the world. Asthma, chronic obstructive pulmonary disease (COPD), pneumoconiosis, interstitial lung disease 

(ILD), and pulmonary sarcoidosis are all examples of conditions that fall under the umbrella of chronic respiratory 

disease (CRD). 

Globally, CVDs and CRDs cause a lot of deaths and disabilities. According to the WHO, the principal 

coordinating body for implementing health related Sustainable Development Goals (SDG) during the period 2019-

2023 stated that by 2030, the premature mortality need to be reduced by one third. About one billion plus people 

are targeted for better health and well-being, universal health coverage, and enhanced protection against health 

emergencies which are the three key goals outlined. In order to do so, the progress is to be tracked and certainly 

up-to-date population measurements are very much required. 

The Global Burden of Diseases (GBD) [5] [6] has been measuring the impact of 369 illnesses and injuries and 87 

risk factors since 1990 in 204 nations and territories which are divided into 21 regions and 7 super-regions. The 

leading cause of disability-adjusted life years (DALYs) and deaths worldwide among chronic respiratory diseases 

(CRDs) is chronic obstructive pulmonary disease (COPD). In 2019, COPD caused 3.3 million (2.9-3.6) mortalities 

worldwide, with 212.3 million (200.4-225.1) prevalent cases and 16.2 million (15.2-17.2) new cases.  

In this introduction section, the top most health disorder influencers and their global impact are discussed. In the 

next section, literature on the top two global burdensome diseases is presented. In the third section, the material 

and methodology used in this research have been discussed while the results and discussion is presented in the 

fourth section. Finally, the paper is concluded in fifth section. 

2. Literature study:  

Heart and blood vessel diseases encompass a range of interconnected medical issues and they are the targeted 

elements of cardiovascular disease. The circulatory system ensures our survival by delivering oxygen, nutrients, 

and water to various sections of our body. It has numerous organs, all of which are vital. The lungs play a pivotal 

role in delivering oxygen to all of our internal organs via the blood circulation system. This blood is pumped 

around the body by the powerful heart muscle. Arteries and veins are the two main kinds of blood vessels. 

The arterial system typically carries blood that is rich in oxygen from the heart to various organs. Instead of 

delivering oxygen-rich blood to our organs, veins transport carbon dioxide-rich blood back to our heart. They 

function well in various organs making the entire system intact, but they are most dangerous when they hit the 

cardiovascular system, the pulmonary system, or the central nervous system. Because of their critical role in blood 

circulation, the heart and lungs are particularly vulnerable to damage to their blood vessels. Also due to its high 

sensitivity to fluctuations in blood flow, the brain is susceptible to cardiovascular diseases. 

Hypertension (high blood pressure), high cholesterol, smoking, pollutants, inflammation, and other age-related 

processes are among the many risk factors to which humans are vulnerable. Blood vessels can be damaged over 

time by these risk factors. atherosclerosis and aneurysms are two forms of vascular damage. Some cardiovascular 

diseases include these conditions, and they can also cause other cardiovascular diseases. 
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Arteries, which transport oxygen-rich blood away from the heart and to our organs, are particularly vulnerable to 

the buildup of lipids, cholesterol, and other substances that characterise atherosclerosis. Blood flow to organs is 

reduced as a result of formation of such substances, which narrows the space for blood to travel through. 

Aneurysms occur when the walls of blood vessels become too thin and weak, causing the vessels to bulge outward. 

Several factors, including atherosclerosis, injuries, and hypertension, can increase the likelihood of aneurysm 

development. Worldwide, ischemic heart diseaseðalso called coronary artery diseaseðis the leading cause of 

mortality from cardiovascular causes. It occurs when the coronary arteries become narrowed, a condition 

commonly caused by atherosclerosis. Potential consequences of ischemic heart disease include myocardial 

infarction which is also called as heart attack, unstable angina, and silent ischemia. 

Heart muscle cells die due to an interruption in blood flow, inflammation, or damage to the heart resulting in heart 

failure. Chest pain or discomfort, medically known as angina, occurs when blood supply to the heart is inadequate. 

The heart can become damaged or even destroyed by the constant strain of high blood pressure; a condition known 

as hypertensive heart disease. The heart's structure changes as a result of this condition; for instance, the heart's 

muscles get thicker and its capacity to pump blood becomes impaired. Uncontrolled hypertension, smoking, 

alcohol, unhealthy eating habits (including an excess of salt and a lack of potassium), and air pollution are all 

contributors to the development of hypertensive heart diseases. 

Various disorders affecting the heart muscle are collectively known as cardiomyopathies. Although genetic 

mutations are the most common cause, other risk factors, such as alcohol consumption, can also contribute to their 

development. Damage to the heart's middle layer of muscle tissue can lead to myocarditis. A variety of immune 

system disorders, including viruses, poisons, medications, and autoimmune diseases, can cause it. One kind of 

inflammation that can affect the heart is endocarditis. The infection usually starts with bacteria like 

Staphylococcus and Streptococcus, which can attach to the heart and enter the bloodstream. As a result of 

rheumatic fever, rheumatic heart diseases can develop. 

 

Fig 5: Region wise global mortality rate  information  [4] 
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Lungs can also be affected by diseases of the blood vessels. When blood flow to the arms and legs is reduced due 

to narrowed arteries, a condition known as peripheral artery disease develops. Atherosclerosis is usually the 

perpetrator typically affecting the legs, deep vein thrombosis (DVT) occurs when a blood clot forms in a deep 

vein. Another major complication of deep vein thrombosis is the possibility of the blood clot breaking off and 

travelling to other organs, particularly the lungs, where it could cut off blood flow. When a blood clot blocks an 

artery leading to the lungs, it is known as a pulmonary embolism. Deep vein thrombosis is a known risk factor for 

its development. This is because blood clots typically originate in other areas of the body and then make their way 

to the lungs, most commonly from deep veins in the legs. Pulmonary hypertension is characterised by elevated 

blood pressure within the pulmonary arteries, often accompanied by a dilated right ventricle in the heart. Chronic 

obstructive pulmonary disease (COPD) and other lung and heart conditions, as well as artery diseases, can lead to 

its development. 

Pulmonary infections include chronic obstructive pulmonary disease (COPD), asthma, acute lower respiratory 

tract infection (ALRTI), tuberculosis (TB), lung cancer (LC), and other important respiratory disorders including 

sleep disorder breathing, pulmonary hypertension (PHN), pulmonary embolism (PE), interstitial lung disease 

(ILD), and bronchiectasis. Conversely, cardiovascular disorders include conditions such as coronary artery disease 

(CAD), arrhythmias, heart failure, heart valve disease, pericardial disease, cardiomyopathy, and congenital heart 

disease. Behavioural factors, like lacking in enough exercise, eating too much salt, drinking too much alcohol, 

and smoking. Hypertension, diabetes, obesity, high fasting plasma glucose, high levels of low-density lipoprotein 

(LDL) cholesterol, and high body mass index are all metabolic risk factors. Air pollution is also another factor 

which is categorized under environmental factors. 

 

Fig 6: Income wise global mortality rate information  

Further a study is done on how the heart and lung diseases are influential in geographical as well economic 

perspectives. Geographically in all regions except in African region, heart diseases are the highest causes of 

mortality. In African region, the top three reasons for mortality are lower respiratory disorders, malaria and stroke. 

Although the mortality in this region due to stroke was very less in 2000, it is highly progressive in the recent 
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times. Similarly in the income perspective, heart diseases are the prime factor in all countries of various income 

levels. However, in low-income countries respiratory disorders are the major reason. Next to respiratory disorders 

are the heart diseases. The details region as well income wise are portrayed graphically in figures 5 and 6 

respectively. 

Having gone through the literature, perceiving the alarming situation and the dreadful diseases, the focus is on 

Cardio vascular and Pulmonary related disorders. However, in this paper a dataset is chosen and analysis is 

performed. Exploratory statistical analysis and Machine Learning mechanisms have been applied on the data and 

observations are cited. The succeeding section demonstrates the material and methodologies used in a detailed 

manner and further results are comprehensively discussed. 

3. Materials and Methods:  

In this section, the data analysis methods are explored and interpreted. The initial sub sections cover the statistical 

methods and in the later part, couple of Machine learning methods are explored. The data used for the analysis is 

a dataset [8] that contain around 2 lakh records. The number of features in the dataset is 21. Table 1 represents the 

features, description of each feature and the values that each feature can contain. 

Exploratory data analysis (EDA) is a cardinal step when performing research and it aims at investigating the 

distributional trends, outliers, and anomalies in the data so that the hypothesis could be tested more precisely. 

Graphical representation enhances the Visualization and understandability of the data, which is another tool for 

hypothesis generation. There are quantitative methods, but most EDA approaches are more graphical. Graphics 

provide analysts unparallel power due to which they heavily rely upon exploratory data analysis. 

 

EDA Technique Purpose 

Histogram 
Distribution of a variable can be understood. Also outliers 

could be identified. 

Scatter plots & whisker plots Outliers can be identified 

2D scatter plot, Covariance, correlation and 

curve fitting 
Quantification of relationship between 2 variables 

Heatmaps Visualization of relationship between variables 

t-SNE 

PCA in combination with Scatter plot 
High dimensional data visualization 

 

Table : Various EDA techniques and their purpose 

SNo Feature Description 
Data 

type 
Values 

1 USMER 
Type of institution of the National Health 

System 
int64 [2, 1] 

2 
MEDICAL_UN

IT 

Type of institution of the National Health 

System 
int64 [1, 2, 3, 4] 

3 SEX Gender of the patient (1 = female, 2 = male) int64 [1, 2] 
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4 
PATIENT_TYP

E 

Type of care the patient received (1 = 

returned, 2 = ) 
int64 [1, 2] 

5 DATE_DIED Date of death object 
[03-05-2020, 03-06-

2020, 09-06-2020, ... 

6 INTUBED 
Showing the different level of ventilator a 

patient 
int64 [3, 1, 2, 4] 

7 PNEUMONIA 
Showing the patient have air sacs 

inflammation 
int64 [1, 2, 99] 

8 AGE Age of the patient int64 
[65, 72, 55, 53, 68, 40, 64, 

37, 25, 38, ... 

9 PREGNANT Whether the patient is pregnant or not int64 [2, 3, 4, 1] 

10 DIABETES Whether the patient has diabetes int64 [0, 1] 

11 COPD 
Indicates whether the patient has Chronic 

obstructive pulmonary disease 
int64 [0, 1] 

12 ASTHMA Whether the patient has asthma int64 [0, 1] 

13 INMSUPR Whether the patient is immunosuppressed int64 [0, 1] 

14 
HIPERTENSIO

N 
Whether the patient has hypertension int64 [1, 0] 

15 
OTHER_DISE

ASE 
Whether the patient has other disease int64 [0, 1] 

16 
CARDIOVASC

ULAR 

Whether the patient has heart or blood 

vessels... 
int64 [0, 1] 

17 OBESITY Whether the patient is obese int64 [0, 1] 

18 
RENAL_CHRO

NIC 

Whether the patient has chronic renal 

disease 
int64 [0, 1] 

19 TOBACCO Whether the patient is a tobacco user int64 [0, 1] 

20 
CLASSIFICATI

ON_FINAL 
Different level of COVID-19 disease int64 [3, 5, 7, 6, 1, 2, 4] 

21 ICU 
Indicates whether the patient had been 

admitted 
int64 [0, 1] 

Table 1: Dataset features 

The goals of exploratory data analysis (EDA) [9] [10] can be succinctly summarised as follows: 

1. Enhance the understandability of database and its underlying structure 

2. Visualise the possible connections (both in terms of direction and strength) between the variables that represent 

the level of exposure and the variables that represent the outcome. 

3. Identify outliers and anomalies, which are values that differ significantly from the rest of the observations. 
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4. Construct concise models which is a predictive or explanatory model that functions optimally or make a choice 

of suitable models at the initial stage itself. Identify and generate variables that are directly applicable to clinical 

settings. 

Sample statistics are numerical measures that describe the properties of a subset of data, known as a sample. These 

statistics are often used as estimates for the corresponding population. The central tendency of the data can be 

expressed through various characteristics such as the arithmetic mean, median, and mode. The spread of the data 

can be measured using metrics like variance, standard deviation, interquartile range, maximum and minimum 

values. Additionally, certain features of the data's distribution, such as skewness and kurtosis, can also be 

analysed. The arithmetic mean, also known as the mean, is calculated by dividing the sum of all data points by 

the total number of values. The variance ů2 is calculated by dividing the sum of squares by the population size, 

denoted as n. The standard deviation is defined as the positive square root of the variance. 

„2 = 
В Ӷ

 

The interquartile range (IQR) is computed by considering the data points that lie between the first quartile (Q1) 

and the third quartile (Q3). Skewness quantifies the degree of asymmetry in a distribution. Kurtosis is a statistical 

measure that provides information about the extreme values (both the smallest and largest) of a distribution. Cross-

tabulation is a fundamental technique in exploratory data analysis (EDA) that involves analysing the relationship 

between two variables without using graphs. It is an expansion of tabulation that is applicable to both categorical 

and quantitative data with a limited number of variables. 

Covariance and correlation measures relationship degree between two random variables and indicate the extent to 

which they vary. x and y are the variables, n the number of data points in the sample, ὼӶ the mean of the variable 

x and ώ the mean of the variable y. 

ὧέὺὼȟώ = 
В Ӷ

 

The scaled version of covariance is said to be correlation that is used to evaluate the linear association between 

two variables. It is computed using the following formula. 

ὧέὶὼȟώ  
ὧέὺὼȟώ

ίί
 

Histogram is a bar plot showing counts versus subgroups for a variable. In this bar graph, each value represents a 

different frequency or proportion of cases across a given range. An easy alternative to histograms is the stem and 

leaf plot, which is also known as a stem plot. They display the distribution's shape in addition to the data values. 

Boxplots are great for showing symmetry, outliers, central tendency, and skewness, but they can mask 

multimodality and other data features. As boxplots use reliable statistics like median and IQR, they are a great 

EDA tool. A two-dimensional line plot is a graphical representation of an array's y-axis values shown at regular 

intervals along the x-axis. 

Multivariate Graphical EDA  

Multiple boxplots displayed side by side makes it easy to compare the features of different data sets. To construct 

a Scatterplot, two quantitative variables that are ordinal, continuous, or discrete can be used. The coordinates of 

each data point are associated with a specific variable. Additional variables to a maximum of five dimensions 

could be used, differentiating size, shape, or colour of the data points. Curve fitting is a method for estimating the 

strength of a correlation or how the variables change with respect to time. Minimising the sum of squared errors 

(SSE) between the fitted function and the data is the most common approach for curve fitting. 

Heat map is another graphical representation which is a grid structured built using 2D array data. Each cell in the 

map has a colour that represents a value. This representation is very much useful how a variable affects another 
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in relation to other variables is to be represented. when you need to show how one variable gets affected by other 

variables which make up a function. 

Non-graphical EDA 

In Non graphical EDA, the most important and widely used technique is Hypothesis testing which is used to prove 

an argument. It is done by formulating a null hypothesis which has the statement that is negation of the argument 

to be proved. Now the objective is to disprove the null hypothesis. Another statistical measure is the survival 

analysis. The plotting of a Kaplan-Meier survival function is the first step in analysing survival data, which is 

similar to 2 x 2 table in binary data analysis. The probability of surviving for at least a certain amount of time is 

the survival function and it is a function of time. 

Cohen Kappa score or Kappa coefficient is another statistical measure used to quantify the categorical data and is 

done using inter-rater agreement computed with Cohen's Kappa Score. Although it can be modified to work with 

more than two raters, it is most commonly employed when there are two raters. One rater acts as the model for 

machine learning binary classifications, while the other acts as an observer with knowledge of the true 

classifications. Instead of focusing on accuracy, the primary goal of using the Cohen Kappa metric is to assess 

how consistent the classifications are. The possible values for the score are from -1 (unsatisfactory performance) 

to 1 (excellent performance). 

▓  
▬  ▬▄
 ▬▄

 

Where ▬  is the observed agreement and ▬▄ is the expected agreement. 

Machine Learning 

Machine Learning is part of Artificial Intelligence which concerns with the study of statistical techniques or 

algorithms that could be learnt from data and perform the tasks as per the requirement. In other words, 

Mathematical optimizations & statistical methods are the foundations of ML. Such techniques must learn the data 

patterns on their own, interpret as per the requirement and output the results which aid in decision making. Four 

types of Machine Learning mechanisms prevail in which certain tasks are performed by each category. In this 

paper ML algorithms are used in interpreting the data. Dimensionality reduction and classification are the two 

mechanisms applied on the data. 

Dimensionality reduction is the method to represent any dataset using less number of features without any loss in 

the meaning. Certainly High-dimensional datasets have practical concerns like increased computation time, 

storage space and so on. Using dimensionality reduction we can overcome such limitations. In supervised learning, 

classification is a major task in identifying the data whether it belongs to certain category or not. To demonstrate 

Machine Learning, both these techniques are used in this paper. 

4. Results and Discussion 

Statistical and Machine Learning analysis provides the details that vary from basic to advanced intelligent 

computational level which are useful in wide variety of occasions. In the following subsections, various 

computations are presented that include univariate analysis, bi variate analysis, statistical measures, 

Dimensionality reduction, Hypothesis testing and Machine Learning computations. 
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4.1 Univariate Analysis 

Univariate analysis is the analysis performed 

using single variable. The total number of 

patients in the dataset is 199999. A simple task 

is performed which displays the counts of 

recovered and dead patients which resulted in 

patients recovered count being 158592, while 

patients died count is 41407. 

Fig 7(a): Frequency with respect to age 

4.1.1 Age Distribution 

Another representation is histogram analysis. The 

distribution of different ages and respective 

frequencies could be observed from figure 7(a). The 

same distribution is also shown in box plot in figure 

7(b).   

4.1.2 Statistical measures 

In this subsection, the statistical measures mean, 

standard deviation, Inter Quartile range values of all 

the variables are computed and presented in table 2. 

  Fig 7(b): Frequency with respect to 

age 

 Feature / Variable name count mean std min 25% 50% 75% max 

USMER 199999 1.56 0.5 1 1 2 2 2 

MEDICAL_UNIT 199999 3.9 0.31 1 4 4 4 4 

SEX 199999 1.52 0.5 1 1 2 2 2 

PATIENT_TYPE 199999 1.35 0.48 1 1 1 2 2 

INTUBED 199999 2.58 0.66 1 2 3 3 4 

PNEUMONIA 199999 4.1 14.82 1 2 2 2 99 

AGE 199999 45.32 17.26 0 32 44 57 107 

PREGNANT 199999 2.52 0.51 1 2 3 3 4 

DIABETES 199999 0.17 0.38 0 0 0 0 1 

COPD 199999 0.02 0.15 0 0 0 0 1 

ASTHMA 199999 0.03 0.18 0 0 0 0 1 

INMSUPR 199999 0.02 0.14 0 0 0 0 1 

HIPERTENSION 199999 0.22 0.42 0 0 0 0 1 

OTHER_DISEASE 199999 0.05 0.22 0 0 0 0 1 

CARDIOVASCULAR 199999 0.03 0.16 0 0 0 0 1 

OBESITY 199999 0.18 0.38 0 0 0 0 1 
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RENAL_CHRONIC 199999 0.03 0.18 0 0 0 0 1 

TOBACCO 199999 0.08 0.27 0 0 0 0 1 

CLASIFFICATION_FINAL 199999 4.01 1.52 1 3 3 6 7 

ICU 199999 0.35 0.48 0 0 0 1 1 

 

Table 2: Statistical measures of Central tendency 

  

  

  


