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Abstract

I n todayés information age, data acts as a catfjalyst w
Health informatics is an area which is momentous and highly progressive. The statistical information extracted

from the data is highly imdiential in making decisions in various perspectives. Moreover, the Cardio and
respiratory disorders are constantly making a huge impact. Although the governments are making their gfforts to
address this global issue, its prevalence is becoming burdenSowié 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 containsidatg pevarious
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 warious 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 thesdistizal results could bimterpretedare specified.

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

. Introduction

Healthi s an intrinsic part of I|ife and due to having go
world abnormal living and food habits are leading to health disorders which are making the entirel sadikg.

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

Majorly the epidemic progressiois characterizedy the Uturn in thesocioeconomicgradients; 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 socidketerminants such d&hysical inactivity, usage @bbaccoharmful alcohol usageir

pollution, poverty, unhealthy diet, gender inequalities and occupational exposure and pressure so that disease
prevention could be effectively done. Although several strategedeing implemented by the Governments
technologybeing updated; the mortality rate is exponentially increasvorldwide.The number of deaths
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depicted irfigure 1 below. Moreover, the top 10 cauf#sof deatharealso presented in figure 2.
Fig 1: No. of deaths over the time

It could be understood thatong the top 10 diseases those are instigatimgality, heartliseases and pulmonary
diseases are the leading death causiéisough 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.
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Fig 2: Top 10 causes of death (globallyi) 2000, 2019, 2020, 2021.

Health diseaseare basically of two categorie®@mmunicable and necommunicableamong which the latter
ones are impacting more. The trend of communicable vs non communicable for the past twentypyeaiieis
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
improvementn the fight against CVD on a global sca¥dthoughdeath rateglue tocardiovascular diseasave

been decliningvorldwide for the past 30 years, but this decline bagkandbecome aderse if we don'take

necessary measures

Deaths, number Deaths, rate per 100k
T =
19M - 246
18M 244
17M 242
16M 240
15M 238
14M
236
13M 4
234
12M 4
2324
11M
T T T T T T T T T T T T T T T 1
1980 1985 1990 1995 2000 2005 2010 2015 2020 1980 1985 1990 1995 2000 2005 2010 2015 2020

Fig 4: Number of deaths and death rate duéo 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 hypertensidiabetes, heart disease, lung disease, cancer, oliraitive lifestyle,
hazardous alcohol consumption, stress, and poor dietary habits.

Worldwide, CVDsare the prime cause ofiortality 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 onghird 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 diseaseshaemic heart disease remains the top cause of bie2f21, 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 didgé2pduring the past forty years is presented

in fig 4.

The second leading cause of deathspalenonary diseaseshich are also of typeaon communicableDue to
thesetwo aberrant types of diseaséise death rates are at peak and the Life expectancy is coming Alsan.

they account for a substantial burden worldwille.per the WHO report, are than 8 million peoplare dying
everyyear from respiratory diseasesnsequentlyn 2019they are at the third position amotige 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 disabiliiesording to the WHO, the principal
coordinating body for implementing health related Sustainable Development Goalsd@i»@)}he period 2019

2023 stated that by 2030, the premature mortality need to be reduced by one third.n&huilliom plus people
aretargetel for better health and webeing, universal health coverage, and enhanced protection against health
emergenciesvhich arethe three key goals outlinedin order to do so, the pgress is to be tracked and certainly
up-to-date population measuremente very much required

The Global Burden of Diseases (GB[B) [6] has beemeasuring the impact of 369 illnesses and injuries and 87
risk factors since 199 204 nations and territori@ghich aredivided into 21 regions and 7 supregions The
leading cause of disabiligdjusted life years (DALYs) and deaths worldwide among chronic respiratory diseases
(CRDs) is chronic obstructive pulmonary disease (CORI019, COPxaused.3 million (2.93.6) mortalities
worldwide, with 212.3 million (200-£25.1) prevalent cases and 16.2 million (16722) 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 this researcthave been discussed while the results and discussion is presented in the
fourth sectionFinally, the paper is concluded in fifth section.

. Literature study:

Heart and blood vessel diseases encompaasgeof interconnected medical issuasd they are theatgetd
elementof 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 abur 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 oxygerrich blood to our organs, veins transport carbon dioxicle blood back to our heart. They
function wellin various organsnaking the entire system intatiut they are most dangerous when thiythe
cardiovascular system, the pulmonary system, or the central nervous system. Becausgitittieolein blood
circulation, the heart and lungs are particularly vulnerabtiatoage to their blood vessefdso due toits high
sensitivity to fluctuations in blood flow, the brain is susceptible to cardiovascular diseases.

Hypertension (high blood pressure), high cholesterol, smoking, pollutants, inflammation, and oftedatade
processes are among the many risk factors to which humans are vulnerable. Blood vessels can be damaged over
time by these risk factors. atheradsis 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 oxygench 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 dbrmation of such substangewhich 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 hgm&dn, can increase the likelihood of aneurysm
development. Worldwide, ischemic heart diséaatso called coronary artery disedsis the leading cause of
mortality from cardiovascular causes. It occurs when the coronary arteries become narrowed, @ conditi
commonly caused by atherosclerosis. Potential consequences of ischemic heart disease include myocardial
infarctionwhich is also called as heart attackstable angina, and silent ischemia.

Heart muscle cells die due to an interruption in blood flow, inflammation, or damage to theseatirtg inheart

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 higtebkoda 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 blbedomes 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 heamigidle 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 infectsumally 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.

T
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Fig 5: Region wiseglobal mortality rate information [4]
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Lungs can also be affected tigeases 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
perpetratoitypically 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 ¢ where it could cut off blood flow. When a bibdot 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 lings, 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) attter 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, pulmondrypertension (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, pericardiedse, cardiomyopathy, and congenital heart
disease. Behavioural factors,dikacking inenough exercise, eating too much salt, drinking too much alcohol,

and smoking. Hypertension, diabetes, obesity, high fasting plasma glucose, high leveldefisity lipoprotein

(LDL) cholesterol, and high body mass index are all metabolic risk fa&orpollution is also another factor

which is categorized under environmental factors
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Fig 6: Income wiseglobal mortality rate information

Further a study is done on how theart and lung ideases 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 respiditanglers, 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 lowincome countries respiratory disorders are the major reason. Next to respiratory disorders
are the heart diseases.€THetails region as well income wise are portrayed graphically in figures 5 and 6
respectively.

Having gone through the literature, perceiving the alarming situatiothendreadful diseases, the focus is on

Cardio vascular and Pulmonarglated disorders. Howeven this paper a dataset ¢hosen 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 fither results areomprehensivelgiscussed.

Materials and Methods:

In this sectionthe 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 datasetd] 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$ a cardinal stepvhen performingresearchand it aims at investigating the
distributional trends, outliers, and anomalies in the datdhatothe hypothesis could be tested momcisely.

Graphical representation enhances the Visualizatiwhunderstarability of thedata,whichis another tool for
hypothesis generation. There are quantitative methods, but most EDA approaches are more graphical. Graphics
provide analystsinparallelpowerdue towhichtheyheavily rel upon exploratory data analysis

EDA Technique Purpose
. Distribution of a variable can henderstood. Also outlier
Histogram . -
could be identified.
Scatter plots & whisker plots Outliers can be identified

2D scatter plot, Covariance, correlation g

" Quantification of relationship between 2 variables
curve fitting

Heatmaps Visualization of relationship between variables

t-SNE
High dimensional data visualization
PCA in combination with Scatter plot

Table : Various EDA techniques and their purpose

- D
SNo | Feature Description ata Values
type
1 USMER Type of institution of the National Healt int6a 2. 1]

Sydem

MEDICAL_UN | Type of institution of the National Healt

i Sygem inté4 | [1, 2, 3, 4]

3 SEX Gender of the patient (1 = female, 2 = mg int64 [1, 2]
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4 PATIENT_TYP | Type of care the patient received (1 int64 1. 2]
E returned, 2 =)
. [03-05-2020, 0306-
5 DATE_DIED Date of death object 2020, 0906-2020...
6 INTUBED Shpwmg the different level of ventilator int64 3,1, 2, 4]
paient
7 PNEUMONIA ShOW|ng _the patient have air sa int64 [1, 2, 99]
inflammatin
. : [65, 72, 55, 53, 68, 40, 64
8 AGE Age of thepatient int64 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 Ind|cate_s whether the patlent has Chro int64 0. 1]
obstuctive pulmonary disease
12 ASTHMA Whether the patient has asthma int64 [0, 1]
13 INMSUPR Whether the patient is immunosuppress¢ int64 [0, 1]
14 :IPERTENSIO Whether the patient has hypertension int64 [1, 0]
15 2;:; ER_DISE Whether the patient has other disease | int64 [0, 1]
16 CARDIOVASC | Whether the patient has heart or blg int64 0. 1]
ULAR vessels...
17 OBESITY Whether the patient is obese int64 [0, 1]
18 RENAL_CHRO Whether the patient has chronic ref —_— 0. 1]
NIC disease
19 TOBACCO Whether the patient is a tobacco user int64 [0, 1]
CLASSIFICATI . . .
20 ON_FINAL Different level of COVID19 disease int64 [3,5,7,6,1,2,4]
21 IcU Indicates whether the patient had be — 0. 1]

admitted

Table 1: Dataset features

The goals of exploratory data analysis (EQ®])[10] can be succinctly summarised as follows

Enhancehe understandabilityf database and its underlying structure
Visualise the possible connections (both in termdiction and strength) between the variables that represent

the level of exposure and the variables that represent the outcome.
Identify outliers and anomalies, which are values difér significantly from the rest of the observations.
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Construct concise modelghich isa predictive or explanatory model that functiapgimally or makea choice
of suitable modelst theinitial stage itselfldentify and generate variables that are directly applicable to clinical
settings.

Sample statistics araumerical measures that describe the properties of a subset of data, known as a sample. These
statistics are often used as estimates for the corresponding populéiooentral 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 ana minimu

values. Additionally, certain features of the data's distribution, such as skewneksresis, 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 02 is calcul
denoted a n. The standard deviation is defined as the positive square root of the variance

2_B r

The interquartile range (IQR) is computed by considering the data pointethatween 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 iadlisTribss
tabulation is a fundamental technique in exploratory data analysis (EDA) that involves analysing the relationship
between two variables without using graphs. &nsexpansion of tabulation that is applicable to both categorical
and quantitative data with a limited number of variables.

Covariance and correlationeasures relationship degtegtween two random variables and indicate the extent to
which they varyx and y are the variables, n the number of data points in the saifibeemean of the variable
x andwthe mean of the variable y.

T o owr B
wsujmzir

The scaled version afovariancds said to be correlatiothat isusedto evaluate the linear association between
two variables. It is computed using the following formula

v, wi 0£ afw
w ¢ Ww f

Histogram is a bar plot showing counts versus subgrfmisvariable 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 addhiedata values.

Boxplots are great for showing symmetry, outliers, central tendency, and skewness, but they can mask
multimodality and other data featuréss boxplotsuse reliablestatistics like median and IQfhey are a great

EDA tool. A two-dimensional line plot is a graphical representation of an arregssésyvalues shown at regular
intervals along the-axis.

Multivariate Graphical EDA

Multiple boxplots displayed side by sideakest easy to compare the features of different data Setsonstruct

a Scatterplotiwo quantitative variablethat areordinal, continuous, or discretan be usedl'he coordinates of
each data point are associated with a specific varidlglditional variables t@ maximum of five dimensions
could be usedlifferentiatingsize, shape, or colour of the data points. Curve fitting is a method for estimating the
strength of a correlation dvow the variables chaegwith respect to timeMinimising the sum of squared errors
(SSE) between the fitted function and the data is the most common apfmoaatve fitting.

Heat maps another graphical representation which is a grid structuredusuily2D arraydata. 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 representdwnwyou need to show how one variaiptsaffeced byother
variableswhich 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 objectvis to disprove the null hypothesinother statistical measure is the survival
analysis The plotting of a KaplaiMeier survival function is the first step in analysing survival dadaich is

similar to2 x 2 table in binary data analysis. The probigbdf surviving for at leasa certainamount of time is
thesurvival functionand itis a function of time.

Cohen Kappa score or Kappa coefficient is another statistical measure used to quantify the categorical data and is
done usingnter-rater agreemermomputedwvith 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 obsdthieknewledge of the true
classifications. Instead of focusing on accuracy, the primary goal aj tt#nCohen Kappa metric is to assess

how consistent the classifications are. The possible values for the score arg frorpatisfactory performance)

to 1 (excellent performance)

Wheresm is the observed agreement aggiis the expected agreement.
Machine Learning

Machine Learning is part dArtificial Intelligence which concerns with the study of statistical techniques or
algorithms that could be learnt from data and perform the tasks as per the requilenwher 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 Macine Learning mechanisms prevail in which certain tasks are performed by each cdtegfugy.

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

Dimensionality reduction ithe method to represent any dataset using less number of features without amy loss
the meaning Certainly High-dimensional datasetsave pactical concerndike increased computation time,
storage spacand 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 categorylar demonstrate
Machine Learning, tth these techniques are used in this paper.

. Results and Discussion

Statisticaland Machine Learning analysggovides the detailshat 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, statistcaires
Dimensionality reduction, Hypothesis testing and Machine Learning computations.
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4.1 Univariate Analysis

25000

Univariate analysis is thanalysis performed
using single variable. The total number ¢ z000
patients in the dataset is 199999. A simple te_

is performed which idplays the counts of§15°°°
recovered and dead patienthich resulted in E
patientsrecovered counbeing 158592 while
patients died couns 41407

10000

Fig 7(a):Frequency with respect to age
4.1.1Age Distribution

Another representation is histogram analysis. T
distribution of different ages and respectiy
frequencies could be observed from figure 7(a). T
samedistribution is also shown in box plot in figure
7(b).

AGE

4.1.2 Statistical measures

In this subsection, the statistical measures me
standard deviation, Inter Quartile range values of
the variables are computed and presented in fable

Fig 7(b): Frequency with respect tc

100

0

age i
PATIENTS

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 |41 1482 |1 2 2 2 99
AGE 199999 | 45.32 | 17.26 | O 32 44 57 107
PREGNANT 199999 | 2.52 0.51 1 2 3 3 4
DIABETES 199999 |0.17 |038 |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
160000 Count of SEX
140000 100000
120000 w0000
100000
g 80000 g 80000
60000 40000
40000
20000
20000
0
0 1 2
Death Recovered SEX
Count of COPD Count of ASTHMA
200000 200000
175000 175000
150000 150000
125000 125000
g 100000 E 100000
75000 75000
50000 50000
25000 25000
’ 0 1 ’ 0 1
COPD ASTHMA
Count of HIPERTENSION
160000
140000
120000
100000
g 80000
60000
40000
20000
0
HIPERTENSION
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