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Abstract

With the wide spread of Coronavirus, most people who infected with the COVID‐

19, will recover without requiring special treatment. Whereas, elders and those with

underlying medical problems are more likely to have serious illnesses, even be

threatened with death. Many more disciplines try to find solutions and drive master

plan to this global trouble. Consequently, by taking one particular population,

Hungary, this study aims to explore a pattern of COVID‐19 victims, who suffered

from some underlying conditions. Age, gender, and underlying medical problems

form the structure of the clustering. K‐Means and two step clustering methods were

applied for age‐based and age‐independent analysis. Grouping of the deaths in the

form of two different scenarios may highlight some concepts of this deadly disease

for public health professionals. Our result for clustering can forecast similar cases

which are assigned to any cluster that it will be a serious cautious for the population.
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1 | INTRODUCTION

The almost whole world today has been infected by the phenomenon

of a deadly virus that is very speedily transmitted to humans.1 There is

a worldwide endeavor to figure out the medical, economic and so-

ciological effects of the pandemic.2 Many more global studies about

the impact of human mobility networks and rapid spread of COVID‐19

have been surveyed.3‐6 All efforts are biased to keep different aspects

of the society safe and human health is placed as the first priority. The

risk factors for severe COVID‐19 has been updated every day and age

is the strongest risk factor for coronavirus outcomes (Underlying

Medical Conditions for Clinicians, 2021).7,8 Older age, being black or

African American and being male were associated with immense odds

of death in variate analysis.9,10 A research surveyed age and sex pat-

terns of mortality, based on reported deaths fromWestern Europe and

the United States, which underscores a high correlation between

demographic vulnerability to coronavirus death rates.11 Severity and

mortality rate in COVID‐19 reached from sex‐difference comorbidities

and behaviours, marks the necessity to gather sex and age‐

disaggregated data to understand disease pathology and guide clinical

care deeply,12 as we carried out in our study.

Subjects older than 60 years and any case with chronic medical

problems struggling with coronavirus condition showed no im-

provement and considerable mortality rate.13 In another study, male

gender and old age with some underlying condition like hypertension,

diabetes and heart disease assigned with fatal outcome.14 The age

distribution of COVID‐19 victims, moved toward younger age groups

from May through August 2020.15 Different study revealed the si-

milar age distribution of mortality in Italy, Japan, and Spain, even

though the total deaths are entirely different among them.16 Out of

severe medical conditions, diabetes and asthma for greater age that

associated with COVID‐19 resulted in death.10 It has been reported

some underlying medical conditions that put human beings at in-

creased risk for potential severe and life‐threatening outcomes from

COVID‐19 infections.

Cancer, chronic lung disease, COPD, serious heart disease,

obesity, Type 2 diabetes, chronic kidney disease, HIV infection or

those with weakened immune systems, pregnancy down syndrome,

Asthma, Hypertension (high blood pressure), neurologic conditions,

such as Dementia, liver disease, pulmonary fibrosis (having damaged

or scarred lung tissue), thalassemia (a type of blood disorder), Type 1

diabetes.8,17,18
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The full review of 54 papers observed that diabetes, hyperten-

sion and cholesterol levels have detectable relation to COVID‐19

severity. Cancer, kidney diseases and stoke need further research to

be explored a connection to the virus.19 A nationwide study in

Turkey, concluded male gender, diabetes, heart failure and dementia

as significant factors with high mortality rate.20 This research de-

clares, chronic kidney disease, hypertension and cancer are the risky

underlying medical conditions for the patients aged between 60 and

79. To compare between severe and nonsevere patients, hyperten-

sion, diabetes and cardiovascular disease are risky factors.21 One

survey from New York City shows,22 regardless of age, individuals

with diabetes and immune disorders are at high risk, and the

youngest age groups are the least likely to exhibit symptoms. The aim

of the research is to explore the special characteristics of the de-

ceased. In spite of the previous related studies, we desired to have

three main factors; age, gender and 19 high‐risk underlying medical

conditions all together in the form of different clusters to group the

population of COVID‐19 victims of Hungary to report the similar

risky cases statistically and recognize the dangerous medical pro-

blems for unlike gender and range groups. Through this investigation,

positive and negative correlation between diseases may shed light on

the particular cases for further professional studies. The Hungarian

government publishes all cases of death by four types of data as

follows: number, age, gender and underlying conditions23 i.e., con-

taining the existence/nonexistence of 19 types of diseases. Latter

ones can be coded as binary, i.e., 0 or 1 parameters. Since, the

classification and clustering problems are admired topics of research

in the area of pattern identification,24 it is taken into consideration

the current research. Clustering is one of the most applicable ap-

proach in COVID‐19 screening that particularly is used to identify the

transmission risks assessment that recently has been engaged with

multiple articles,25‐27 besides, clustering is a method to develop a

map of COVID‐19 occurrences to achieve the optimal handling of the

pandemic that the provinces were clustered by K‐Means method28 to

inform the population by raising their awareness of the diseases

spread. Numerous studies classified the geographical regions based

on COVID‐19 patients as local clustering approach.29‐33

On the report of more studies about COVID‐19, age as a

dominant variable, structures two scenarios for additional analysis of

the present article. Age‐Dependent and Age‐Independent. When age

is taken from more examination, the number and attributes of the

clustering will be changed. Another contribution of this study is to

compare the statistical consequences of Hungarian victims while age

is included versus it is excluded from the survey.

2 | METHODS AND MATERIALS

All 7238 cases were collected from the population of Hungary who

died till 15th of December 2020 because of COVID‐19. Related in-

formation of three attributes of the sample composed of age, gender

and underlying conditions, i.e., containing the existence/nonexistence

of 19 types of diseases, obtained from medical Hungarian website.

There are 3517 female and 3720 male patients among them. The

youngest person was 18 years old and the eldest was 103 years old.

The frequencies of the diseases are in Table 1. The complete table of

the correlations among the groups of diseases can be found in the

appendix.

There are six groups such that the correlation of any two dis-

eases is positive. All six disease groups are related to the vascular

system and blood oxygen levels. They are as follows: hypertension,

chronic lung disease, COPD, arterial fibrillation, heart disease, and

vasoconstriction. Four groups of diseases, such as Alzheimer's dis-

ease, dementia, Parkinson's disease, schizophrenia, have a negative

correlation with each of the following diseases: (a) hypertension, (b)

chronic lung disease, (c) COPD, (d) tumor and cancer, (e) asthma, (f)

renal failure, (g) obesity. The strongest negative correlation is be-

tween hypertension and tumor/cancer. Its value is −0.105. Clustering

is a task of dividing the population into a number of classes such that

data points in the same classes are more similar to each other than

those in other classes. It helps create and segregate the particular

classes, whereas, each cluster defines its own attributes based on the

factors. The continues variable is age. If it is not scaled, i.e., it keeps

its original value, then it is the dominant variable as its absolute value

is greater than the sum of the rest of the variables. Two different

types of clustering were applied as two scenarios: age‐dependent, i.e.,

without changing the value of the age and age‐independent when the

age value is divided by 100. In the latter case, this value is trans-

formed between 0 and 1 and it gets to the same range as the Boolean

variables. Generally, there are three different types of clustering as:

(a) Hierarchical, (b) nonhierarchical; K‐Means and (c) Mix Method;

Two‐step clustering. For this research, we used two‐step clustering in

the case of age‐dependent analysis to identify the number of the

optimal clustering and K‐Means clustering to classify the dataset for

both scenarios. The SPSS statistical program package was used for

this purpose.

TABLE 1 The frequencies of the 19 diseases

Disease
# Of
cases Disease

# Of
cases

High blood pressure
(Hypertension)

4710 Stroke 219

Tumor 919 Kidney failure 854

Chronic lung disease 85 Asthma 190

Cardiac arrhythmia 479 COPD 37

Ischemic heart disease
and heart attack

858 Parkinson disease 203

Pneumonia 158 Vasoconstriction 66

Dementia 728 Alzheimer disease 144

Atrial fibrillation 269 Reflux 119

Diabetes 2044 Schizophrenia 36

Obesity 220
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2.1 | First scenario; age‐based analysis

In the initial part of the study, age is a basis of the cluster description.

Classifying the dataset carried out for different ages to reveal natural

groupings. Out of 21 variables, (1 continues, 1 categorical, and 19

logical factors), 8 factors with frequency less than 1.5% of the studied

population as nonsignificant variables were removed. Consequently,

similarity of 13 variables for different age groups constructs distinct

clusters. It is a higher quality, when the ratio size of the clusters is 2

or less. It means no cluster in the cluster set is more than two times as

large as any other clusters, then there is no huge differences between

the size of the clusters and the distribution of the cases between

clusters is quite well. In our case, by trail and error, two‐step clus-

tering results showed that 10 clusters (K = 10) seem reasonably sui-

table as we reached the ratio of cluster sizes at almost 2.0, which is

an acceptable spread of the cases (Figure 1). Whereas, it was 3.53 for

cluster size of 8 and 2.99 for cluster size of 12. Therefore, according

to Figure 1, the size of the largest cluster divided by the size of the

smallest one is 2.04.

2.2 | Second scenario; age‐independent analysis

For the second part of the research, Age factor was divided by 100 to

have the same range of the values for all categorical, continues and

binary variables. It causes to decline the impact of the age in clus-

tering and grouping the data mostly based on the other factors. The

further cluster arrangement is driven with binary variables which are

diverse underlying conditions for different genders. To uncover the

properties of clusters as age‐independent inspection, 21 variables

categorized into the heterogeneous classes by K‐Means clustering.

Technically the K‐Means method has been defined by a distance

function. It initializes clustering by k centers and assigning all objects

to the nearest center and then moving a center to the mean of its

members. Reassigning the objects, moving the centers and iterate

them adequately is to have no objects changed membership. In this

section of our study, clusters describe the similarity of the Hungarian

COVID‐19 victims exclusive of the age. The small value of the dis-

tance function means that the two victims share many common

properties. K = 8, 9, and 10 defined patterns of the clustering ap-

propriately to manifest genders with varied underlying conditions

based on 7238 victims' attribute.

3 | RESULTS

3.1 | Consequences of the statistical analysis

The descriptive statistics of 19 diseases registered besides COVID‐19

can be found in Table 2. The number of the occurrences of the dis-

eases are considered random variable depending on the ages of the

patients. The hypothesis that the number of occurrences has a nor-

mal distribution is rejected based on skewness and/or kurtosis in the

cases signed by yellow background. Hypertension has the highest

number of cases, 4710 out of 7238 giving 65.08%. The second most

frequent disease is diabetes with 2044 cases, 28.24%. There are two

diseases having the number of cases close to 1000; cancer/tumor

(919, 12.7%), and kidney failure (854, 11.8%). The number of cases of

any other disease is less than 500 (6.9%). COPD, and schizophrenia

have the least number of cases, 37, and 36, respectively. The relation

of the age and the deceased can be seen also fromTable 2. However,

Table 3 gives it in an ordered way. Obesity has the lowest value

which is 64.5 years. Schizophrenia is the other one having an average

under 70. It is 69.69. There are again three diseases having an

average above 80. It is not a surprise that Alzheimer has the highest

value at 80.85. The other ones are Dementia and Atrial fibrillation

with 80.33 and 80.07 correspondingly. It is also easy to accept that

the fourth place is occupied by Parkinson disease with 79.78. The

high value of heart attack is noteworthy.

If the ages of the individuals are considered random variables,

then it is possible to check if the random variable has a normal dis-

tribution. Based on skewness, i.e., third moment, and on kurtosis, i.e.,

the fourth moment, the normality can be rejected in the case of

diseases as follows: Atrial fibrillation, Pneumonia, Vasoconstriction,

Kidney failure, Arrhythmia, and cancer/tumor. It means that addi-

tional statistical test can be made with the data of these diseases if

the theory of the statistical test does not assume normality. The

Kolmogorov–Smirnov test gives the same result. The skewness of

every disease is negative. The reason is that every disease has early

incidences. It is true even for Alzheimer where the youngest patient

is 62 years old.

The fitted normal distribution and the histogram of obesity is in

Figure 2. The hypothesis of the normal distribution is accepted.

It can be observed that the histogram of tumor has two peaks

(Figure 3). The hypothesis of the normal distribution is rejected be-

cause of the two peaks.

3.2 | Output of age‐dependent clustering

SPSS uses a function based on the absolute value of the attributes.

This property gave a high weight to the age.

Ratio of sizes: largest cluster to smallest cluster 2.04

7%
13%

14%

9%
7%8%

9%

9%

12%

12%

cluster sizes

F IGURE 1 The relative sizes of the clusters in the case of 10
clusters
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We marked the results on the report of unbiased observations for

both scenarios separately. The final result of clustering for 10 clusters by

consideration of age, gender and disease has been shown in Table 4.

The number of the cases in each cluster, helps us to find the riskiest

clusters with more deaths. Moreover, the feature of each cluster may

warn the population about high probability of death if any new infected

person with similar attributes assigns to the particular pattern of the

cluster. Additionally, the output of the clustering, shows some positive

and negative correlation between underlying medical conditions, that it

may be valuable for medicine. Sorting the clusters from the highest risk to

the lowest owing to the number of the cases involved will be as follows:

7‐6‐1‐8‐10‐9‐2‐5‐4‐3.

From the sorted clusters, the first four clusters have the bulk pro-

portion of the reported cases (7, 6, 1, 8). An age group of 80–87 of

Females with medical problems of high blood pressure, lung disease,

Arrhythmia, heart disease, dementia, atrial fibrillation and kidney failures

TABLE 2 Basic statistics of the registered diseases

N Min 
age

Max 
age Mean Std. Skewness Kurtosis

Statistic Statistic Statistic Statistic
Std. 

Error
Statistic Statistic

Std. 

Error
Statistic

Std. 

Error

Alzheimer 144 62 99 80,85 0,556 6,671 -0,129 0,202 0,059 0,401

Arrhythmia 479 32 102 78,46 0,475 10,396 -0,863 0,112 1,477 0,223

Asthma 190 34 96 72,56 0,878 12,104 -0,545 0,176 0,119 0,351

Fibrillation 269 46 100 80,07 0,556 9,126 -0,795 0,149 0,804 0,296

COPD 37 52 101 76,08 1,893 11,512 0,151 0,388 -0,401 0,759

Diabetes 2044 26 101 74,64 0,241 10,900 -0,698 0,054 0,654 0,108

Heart Attack 858 39 103 79,01 0,346 10,137 -0,667 0,083 0,192 0,167

Hypertension 4710 25 102 76,89 0,157 10,786 -0,721 0,036 0,682 0,071

Kidney failure 854 20 101 76,65 0,400 11,700 -1,064 0,084 1,876 0,167

Lung 85 57 90 75,65 0,940 8,671 -0,079 0,261 -0,946 0,517

Obesity 220 20 95 64,50 0,937 13,894 -0,544 0,164 0,185 0,327

Parkinson 203 57 97 79,78 0,509 7,258 -0,208 0,171 -0,105 0,340

Pneumonia 158 32 100 76,22 0,931 11,705 -0,844 0,193 1,025 0,384

Reflux 119 43 95 75,91 1,060 11,559 -0,491 0,222 -0,327 0,440

Schizophrenia 36 47 93 69,69 1,990 11,942 -0,085 0,393 -0,494 0,768

Stroke 219 44 99 76,43 0,676 10,005 -0,565 0,164 0,460 0,327

Tumor/Cancer 919 18 100 73,93 0,372 11,275 -0,783 0,081 1,569 0,161

Vasoconstriction 66 46 96 77,68 1,165 9,464 -0,414 0,295 0,838 0,582

Dementia 728 20 101 80.33 0.397 10.72 -1.62 0.089 4.61 0.181

Note: In the case of diseases signed by yellow background, the assumption of normality is rejected.

TABLE 3 Average age of victims as depending on the disease increasing order

Disease Obesity Schizophrenia Asthma Tumor Diabetes Lung

Avg. age 64,50 69,69 72,56 73,93 74,64 75,65

Disease Reflux COPD Pneumonia Stroke Kidney failure Hypertension

Avg. age 75,91 76,08 76,22 76,43 76,65 76,89

Disease Vasoconstriction Arrhythmia Heart attack Parkinson Atrial fibrillation Alzheimer

Avg. age 77,68 78,46 79,01 79,78 80,07 80,85

Disease Dementia

Avg. age 80,33
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as the riskiest class will be in the serious trouble if they infected by

COVID‐19. The second murderous class is for males in the age group of

67–74 with underlying conditions of high blood pressure, tumor/cancer,

lung disease, Arrhythmia, heart disease, diabetes, asthma. We observed

that, lung disease in any cluster with infected cases, carries serious risk. It

means, everyone by lung disease problem, in the case of infection by

coronavirus may die with high probability (Table 5). White color of fonts

shows the significant cases whose values are more than average.

Asthma as a big threat will be a killer for males if COVID‐19 hits

them. Most of the female victims are classified in the clusters by

mean age of 80 and over, whereas the majority of male victims are

grouped in whole ranges from 24 to below 74 (Table 6).

3.3 | Output of age‐independent clustering

In this scenario, because of the separated reports of the health care

system for Arrhythmia and heart disease, despite their similarities, we

found 59 different cases between them. Accordingly, we distinguish both

separately. It is more likely to realize some essential conclusions through

F IGURE 2 The histogram and fitted normal distribution of obesity

F IGURE 3 The histogram and fitted normal distribution of cancer/tumor
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three different cluster‐running of K=8, 9, 10 when age is not taken in the

interpretation (Appendix).

As a result of 8 clusters running, the bulk part of the population came

out into the following clusters in order; 1‐5‐4‐2‐7. The population of the

clusters 3,6,8 is low, then they may not represent some kind of important

risk. In this running, Reflux, Vasoconstriction, Parkinson, COPD, Stroke,

Arrhythmia, are nonsignificant from analysis of variance (ANOVA) table,

then they were removed from further analysis. Lung and heart diseases

and Schizophrenia, follow similar and slight movements through all clus-

ters, then there are not remarkable differences between clusters in the

case of them. On the report of 9 clusters running, interpretation of the

ANOVA table about nonsignificant factors, Arrhythmia, COPD, Vaso-

constriction and Reflux has been withdrawn from additional study. The

prominent part of the infected cases contained in the upcoming clusters;

5‐9‐3‐6‐8‐4. Schizophrenia, equally distributed among clusters then there

is no meaningful impact of that on any particular cluster. Clusters 5 and 9

TABLE 4 The center points in the age‐dependent clustering when K = 10

Clusters
Factors 1 2 3 4 5 6 7 8 9 10

Age 87.2 52.9 24.1 34.7 44.6 74.0 80.9 67.1 60.4 93.2

High blood pressure 0.7 0.5 0.12 0.29 0.38 0.65 0.7 0.63 0.57 0.67

Tumor/cancer 0.09 0.15 0.18 0.08 0.11 0.14 0.12 0.18 0.13 0.08

Chronic‐lung‐disease 0.01 0 0 0 0 0.02 0.01 0.02 0.01 0

Arrhythmia 0.08 0.03 0 0.04 0.03 0.08 0.07 0.05 0.04 0.09

Heart disease 0.15 0.08 0 0.02 0.02 0.11 0.13 0.09 0.09 0.18

Dementia 0.15 0.06 0.12 0.12 0.03 0.09 0.11 0.05 0.03 0.18

Atrial‐fibrillation 0.06 0.01 0 0 0.01 0.03 0.05 0.02 0.01 0.05

Diabetes 0.24 0.31 0.12 0.14 0.24 0.33 0.29 0.3 0.34 0.16

Obesity 0.01 0.1 0.18 0.18 0.13 0.03 0.01 0.05 0.05 0.01

Kidney‐Failure 0.13 0.1 0.12 0.14 0.1 0.12 0.13 0.1 0.1 0.14

Asthma 0.02 0.4 0 0.04 0.04 0.03 0.02 0.03 0.05 0.01

Gender 1.36 1.64 1.71 1.59 1.67 1.55 1.47 1.67 1.67 1.3

The number of members of each cluster 1279 286 17 51 131 1470 1792 1161 522 528

TABLE 5 The important properties of the age‐dependent clusters

Factors 3 4 5 9 8 2 6 7 1 10 Average
Gender 1.71 1.59 1.67 1.67 1.67 1.64 1.55 1.47 1.36 1.3

Age 24.1 34.7 44.6 60.4 67.1 52.9 74.0 80.9 87.2 93.2

Hypertension 0.12 0.29 0.38 0.57 0.63 0.5 0.66 0.7 0.7 0.67 0.522

Tumor/Cancer 0.18 0.08 0.11 0.13 0.18 0.15 0.14 0.12 0.09 0.08 0.126

Lung-disease 0 0 0 0.01 0.02 0 0.02 0.01 0.01 0 0.007

Arrhythmia 0 0.04 0.03 0.04 0.05 0.03 0.08 0.07 0.08 0.09 0.051

heart disease 0 0.02 0.02 0.09 0.09 0.08 0.11 0.13 0.15 0.18 0.087

Dementia 0.12 0.12 0.03 0.03 0.05 0.06 0.09 0.11 0.15 0.18 0.094

Atrial fibrillation 0 0 0.01 0.01 0.02 0.01 0.03 0.05 0.06 0.05 0.024

Diabetes 0.12 0.14 0.24 0.34 0.3 0.31 0.33 0.29 0.24 0.16 0.247

Obesity 0.18 0.18 0.13 0.05 0.05 0.1 0.03 0.01 0.01 0.01 0.075

kidney failure 0.12 0.14 0.1 0.1 0.1 0.1 0.12 0.13 0.13 0.14 0.118

Asthma
0 0.04 0.04 0.05 0.03 0.04 0.03 0.02 0.02 0.01 0.028

#Cases of each cluster 17 51 131 522 1161 286 1470 1792 1279 528

Young age group

Middle age group

Old age group
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seeing that the most crowded places, every member has a high blood

pressure problem. To compare to other clusters, the frequency of the

lung disease is the highest amount in clusters 5 and 1 in 0.03 which is

allocated for men. Cause of the considerable percentage of obesity in the

clusters 1,4,6, it seems more dangerous for males. Every member by

100% probability of Kidney problem is classified in the cluster 1. Further

to this running, Kidney Failure, dramatically is a serious problem for men

that it may need deeper studies. For 10 clusters running, everyone in

cluster 3,5,6,8 and almost 9 suffers from Hypertension. Substantial

medical problems for cluster 1 are Diabetes and Kidney failure. Second

noticeable cluster for Kidney failure is 8 with 43% in which next serious

cluster in the case of Dementia placed at 65%. Subject to cluster 4,

Dementia in the highest probability (100%) accompanied by Parkinson,

Schizophrenia and Alzheimer at the rate of three times more than aver-

age. Essential frequency of Obesity, was observed in cluster 9 nearly

equal distribution between genders, tended to be biased towards females.

Abundance of Arrhythmia happens in this cluster also at 61% (six times

more than average). Diabetes is a serious problem for all members of the

clusters 1,5,7,9 that interestingly, the spread of the different gender is

equal in all. Stroke, COPD and Vasoconstriction's cases, without any re-

markable mean differences, categorized as nonsignificant factors for this

running. The riskiest cluster is 6 that except Hypertension that exist in all

corresponding members, the other underlying medical conditions placed

below average in this cluster, consequently, Hypertension (high blood

pressure) is the most crucial disorder made an unsafe condition for the

high percentage of Hungarian victims.

4 | DISCUSSION

4.1 | Age‐dependent scenario

4.1.1 | Analysis of clusters between different
genders

High blood pressure and Kidney failure sicknesses distributed equally

between genders. It demonstrates that the risk of these two underlying

conditions is same for male and female. Murderess of tumor‐cancer is

biased towards males significantly. Also, Arrhythmia and Atrial fibrillation

are significant underlying conditions lead to death for infected females

more than males. Asthma is a quite serious underlying problem for male

substantially than female in dealing with COVID‐19. Despite, almost

equal distribution of heart disease and dementia between genders, higher

proportion of these diseases for female in clusters, signifies that they

caused deaths of females more than males in Hungary. Interestingly,

diabetes and obesity accelerate the probability of death for males who

contaminated by coronavirus.

4.1.2 | Examination of clusters within age groups

Further to the final clustering result, if we divide the age range to three

main groups; (24–44), (45–65), (66–94) based on the clusters, we may

observe that obesity is the most dangerous underlying reason for young

people who died from coronavirus. Dementia, Asthma, Kidney failure, and

Tumor/Cancer are placed into the following levels of risk, respectively, for

young population. Since Dementia is caused by damage to brain cells by

aging, mostly affects older adults. Then, existence the considerable

number of it among young‐aged groups was drawn the attention to

detect its distribution on Figure 4.

In regard to the Figure 4, Dementia trend follows the expectation to

go up by getting old starting almost from 60 years old. Middle infected

age group; (45–65), is threatened to pass away by tumor/cancer, asthma

and diabetes with the most probability. Furthermore, high blood pressure,

lung and heart disease are listed in the second level of importance for this

age group. For elders, heart disease is the most noticeable problem that

depends on the absolute value remarks trouble. The lower level of death

possibility for old people as underlying illnesses is coming out by de-

mentia, Arrhythmia and Atrial fibrillation. Kidney problems and high blood

pressure categorized as the next extent of the seriousness.

4.2 | Age‐independent scenario

4.2.1 | Cluster K = 8

While we go through special cluster, further to high frequency of

the factors, we can find some diseases as more threatening cases,

TABLE 6 The most important diseases
for some selected clusters

Underlying conditions Cluster 1 Cluster 5 Cluster 4 Cluster 2 Cluster 7

High blood pressure √ √ √

Asthma √

Pneumonia √

Dementia √

Diabetes √

Tumor/cancer √

Atrial fibrillation √

Kidney failure √

Note: Describes the most considerable underlying medical disease of the clusters for the K = 8 running.
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since there are substantial differences between their quantities

with other items in any singular cluster. For example, in cluster 1,

amongst 13 significant diseases, high blood pressure and asthma

are notable, as everybody has high blood pressure and in the case

of asthma, is double compared to other clusters proportions. The

largest ratio of cluster 5, as a second important cluster in this

running, is assigned to tumor/cancer as a greatest risk in this

cluster. High blood pressure, by covering all the population of

cluster 4, showing the most crucial medical problem that it is

accompanied by Atrial Fibrillation at its highest quantity, 0.05. In

comparison with other clusters, the largest frequency percentage

is specified to Pneumonia and dementia at 0.05 and 0.17, re-

spectively. There is a positive association between high blood

pressure, diabetes and kidney failure as the most outstanding

cases in cluster 7. The biggest quantity of Kidney Failure is allo-

cated to cluster 8 at 0.64 to may confirm the existence of the

positive correlation with diabetes at 1.0 again. In the case of

tumor/cancer, every infected person has this disease in the

cluster of 3 and 6, but due to a few cases contained in these

clusters, it may not validate the noticeable danger, that it is ob-

served only in the half of the clusters. Also, male victims who

suffered from tumor/cancer outnumbered females regard to this

running. Surprisingly, high blood pressure and tumor/cancer in

clusters 1,4,5,7 are excluded each other. Indeed, in any cluster

that we have complete percentage of them, we do not

observe another one at all. Pneumonia, dementia and asthma

carry out high risks for females. Meanwhile, obesity, heart and

lung diseases have almost similar effect between genders. Also,

there can be a positive correlation between High blood pressure

and tumor/cancer when there is another disease involved like

diabetes.

Exceptionally, some sequences of the particular sicknesses, ac-

cording to clusters 6 and 7, may exclude schizophrenia as below;

(high blood pressure, tumor/cancer) and (kidney failure, diabetes,

high blood pressure).

As a last observation, Kidney failure is a serious risk for infected

females by most probability.

4.2.2 | Cluster K = 9

The consequences of 9‐cluster running show that Hungarian women who

died by COVID‐19 had suffered from Pneumonia, dementia, asthma,

Parkinson, and Alzheimer more than men. In contrast, males out-

numbered females with higher death probability in stroke and obesity.

Amongst all the diseases, High blood pressure and diabetes are the re-

markable risks to the infected population.

4.2.3 | Cluster K = 10

Since in our study, we combined all types of the cancers and tumor,

therefore it is obvious to see some slight positive correlation between

high blood pressure and cancer, but in clusters 2 and 10 of this

running, both are excluding each other. Depends on the type of the

cancer, we may have low or high blood pressure.

The frequency of different gender's underlying medical condi-

tions has been presented in Table 7.

The impressive phenomenon of Table 7 is similar extent of some

diseases among female and male like; Arrhythmia, COPD, Parkinson,

Vasoconstriction, Schizophrenia. In contrast, big difference between

genders in the case of Dementia, Diabetes, Tumor/Cancer is noticeable.
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F IGURE 4 The distribution of Dementia as the function of age

TABLE 7 The number of male and female cases of the registered
diseases

Underlying conditions The number of female The number of male

Hypertension 2369 2341

Tumor/cancer 420 499

Lung disease 30 55

Arrhythmia 240 239

Heart disease 424 434

Pneumonia 88 70

Dementia 463 265

Atrial fibrillation 115 154

Diabetes 952 1092

Obesity 107 113

Stroke 97 122

Kidney failure 453 401

Asthma 109 81

COPD 19 18

Parkinson 102 101

Vasoconstriction 34 32

Alzheimer 86 58

Reflux 69 50

Schizophrenia 17 19
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The correlation between underlying medical problems has been analyzed

by SPSS and the result summarized in two tables; Table 8 part “a” and “b”

(Appendix). The most noteworthy items are positive correlation between

Hypertension with Diabetes and Alzheimer with Dementia. Contrary,

negative association between Tumor/Cancer with Hypertension case

noticed, that it may originate from chemotherapy or biological drugs

which Cancer patients use results in hypotension or low blood pressure.

5 | CONCLUSION

Our result for clustering can forecast similar cases which are assigned

to any cluster that it will be a serious cautious for the population. The

nonsignificant logical factors have been eliminated from the analysis.

Most of the researches emphasized on the importance of Age factor

in COVID‐19 effectiveness. To study deeper, we split the statistical

analysis into two parts; when Age is taken into the consideration with

gender and underlying medical problems, on the other hand, Age is

excluded from inspection to examine the trend and the correlation of

the other factors while Age is out of the observation. For both parts,

factors with proportion more than cluster center points, interpreted.

At age‐based analysis, male victims' numbers in young and

middle age exceeds female's. Figure 5 describes that most of the

victims in old‐age group are women. Indeed, the tendency is that

the high ratio of males decreases. Particularly, after 70 years old,

the diagram starts falling down towards 1 which valued female

gender. Whereas, for younger age groups, it is biased towards 2

as a value of male. As a result of this section, Hypertension, Ar-

rhythmia, Dementia, heart disease, and Kidney failure commonly

observed in the older age group of the population. High per-

centage of Tumor/Cancer and Diabetes assigned to the middle

age group (52–67). Obesity was a serious medical problem for

young victims of Hungary. To conclude age‐independent study,

we surveyed Gender and Underlying conditions' tendency and

correlation with three varied clusters running K = 8, 9, 10. K = 8

with equal gender distribution throughout all clusters is a well‐

structured running. Indeed, on average, the number of the clus-

ters occupied by different sex is equal, four clusters for male and

four for female. The riskiest disease for cluster 1 with high

number of victims, are Hypertension and Asthma. In cluster 5 of

this running, regardless of being second dangerous cluster, there

is no any main underlying disease which may be placed up to the

cluster center point, they mostly stand on the average or even

less. Cluster 4 defines third unsafe cluster, which sheds light on

Hypertension, Atrial Fibrillation, and Lung disease as significant

medical problems for the members. In K = 9 running, cluster 9,

Hypertension with the highest risk for infected population, De-

mentia and Asthma, in the following level of the risky disease,

recognized due to the big quantity of the cases. All members of

cluster 5, as second hazardous class, suffered from Hypertension.

Also, remarkable weight of Lung‐disease detected there. Cluster

3 in spite of having a large number of the victims after clusters 9

and 5, does not have any dominant underlying disorders. Output

of clusters 2 and 7 reveals that Tumor/Cancer and Heart disease

were riskier for females, in contrast, Kidney failure in males.

However, Hypertension and Diabetes spread impartially between

various genders. Many numerous victims in the K = 10 running,

assigned to cluster 6 with enormous underlying conditions of

Hypertension and Lung‐diseases. Cluster 3 is a specific class in

which every member experienced Hypertension. Also, to com-

pare to cluster center point, the rate of Asthma is double. Clusters

2 and 5, as the following high‐risk clusters of this running,

showed duplicated Tumor/Cancer and a perfect positive corre-

lation between Hypertension and Diabetes. Gender‐based study

seems to be important in the second scenario, since significant

pure numbers (exactly 1 or 2) detected for genders. Overall, it

may be said, in the case of Hungarian victims of COVID‐19 till

December of 2020, Hypertension, Diabetes, Tumor/Cancer,

Heart disease and Kidney failure are the outstanding underlying

conditions with the frequency of 3517 and 3720 for female and

male respectively. The consequences of the study may guide to

be taken precedence of riskier Underlying medical problems,

Gender and Age in hospitalization and vaccination.
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