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Abstract

Background: Since the first case of a novel coronavirus

2019 (COVID—19) was reported in January 20th 2020, COVID—
19 in South Korea has continuously. As a result, the lack of
medical resources, especially the hospital beds, has become a
serious problem. Therefore, this study aims to contribute to an
efficient distribution of medical resources by identifying
variables related to hospitalization, admission to intensive care
units, and death of patients with COVID—19 using a nationwide
individual—level COVID—19 data provided by the Korea Center
for Disease Control and Prevention.

Methods: This study uses individual—level COVID—19 clinical
data to assess the risk factors' association with hospitalization,
admission to intense care units, and death. The generalized
linear model with gamma distribution was performed.

Results: Distribution of the hospitalization of patients with
COVID—19 was right skewed and followed gamma distribution.
The mean hospitalization of patients with COVID—19 was 25.75
days. The age of the patients was significantly associated with
the hospitalization(25.3(95% CI: 24.6, 26) days for age 0—39,
27(95% CI: 26.2, 27.7) days for age 40—59, 28.3(95% CI:
27.6, 29.2) days for age 60—79, and 26.5(95% CI: 25.1, 27.9)
days for age>80), admission to ICU(RR=2.0(95% CI: 1.0, 3.7)
for age 40—59, 7.4(95% CI: 4.1, 13.4) for age 60—79, and
11.0095% CI: 5.4, 22.3) for age>80, compared to age 0—39),
and death(RR= 5.9(95% CI: 3.4, 10.3) for age 60—79,
58.6(95% CI: 32.3, 106.3) for age>80, compared to age 40—
1] -2 t)) 8} 7



59). Also, clinical symptoms on admission, including

cough (27.6(95% CI: 25.2, 26.6) days; compared to 25.9),
myalgia(27.3(95% CI: 26.5, 28.2) days; compared to 26.2), and
vomiting (27.2(95% CI: 26.3, 28.3) days; compared to 26.3)
were significantly associated with longer hospitalization.
However, association between underlying disease or past
history of the patient with hospitalization were not significant.
Also, males were at higher risk for admission to
ICURR=2.6(95% CI: 1.9, 3.6)) and death(RR=2.3(95% CI:
1.6, 3.1)) than females. Also, underlying disease or past history
including diabetes (RR=2.2(95% CI: 1.6, 3.1)), chronic kidney
disease(2.4(95% CI: 1.1, 5.1)), and cancer (2.4 (95% CI: 1.3,
4.4)) were significantly related to a death.

Conclusion: This study found several demographic and clinical
characteristics associated with the duration of hospitalization,
usage of the intensive care units, and mortality. These findings
can provide evidence to distribute medical resources more
efficiently.

Keywords: Hospitalization, COVID—19 Epidemiological data,
Intensive Care Units, Death, South Korea, Generalized Linear
Model
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Chapter 1. Introduction

Since the first observation of pneumonia caused by severe
acute respiratory syndrome coronavirus 2(SARS—CoV—2) in
Wuhan, China in December 2019[1], the novel coronavirus
disease (hereafter COVID—19) has rapidly spread to 190
countries, recording about 54 million global cases and 1.3
million deaths worldwide, as of November 15", 2020[2]. As a
result, The World Health Organization (WHO) has declared its
third pandemic [3].

The first confirmed case in South Korea (hereafter, Korea) was
identified on 20 January 2020, and 24,410 cases were observed
through 15 November[4]. Although it seemed that the epidemic
of COVID—19 in Korea reached a ‘plateau’ in April to August
[5], after a mass demonstration in August, several mass
infections occurred repeatedly, thus the trend of COVID—19 in
Korea has not stabilized until November [4].

This implies that demand for critical care, including hospital
beds and intensive care units (here after, ICU), is expected to
increase steadily with the rising number of patients with

COVID—-19[6]. Not only that, as opposed to the first mass
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infection in Daegu, the ratio of elderly patients with underlying
disease is much higher in current cases. About 28% of the
confirmed cases are in the age group of 60 or higher, as of
November 2020[7], which might worsen the lack of critical
cares including ICU.

This study’ s goal is to investigate the brief distribution of
hospitalization of COVID—19 patients and assess individuals’
information as risk factors that might have association with
hospitalization duration, usage of ICU, and mortality due to
COVID—19. The Korea Centers for Disease Control and
Prevention (hereafter KCDC) opened the epidemiological data of
confirmed cases of COVID—19 in June 2020[8]. The data is
nationwide individual—level data including various clinical and
epidemiological variables. It contains vital signs, clinical
symptoms on admission, underlying disease and past history of
the patients with COVID—19.

The results of this study can provide scientific evidence for
public health policymaking, prioritizing the distribution of

medical resources.



Chapter 2. Data and Methods

2.1. Data

2.1.1. COVID—19 Epidemiological Data

The KCDC has provided an epidemiological data for patients
diagnosed with COVID—19. The data has been collected
nationwide by the Central Disease Control Headquarters and
the National Medical Center, along with the KCDC. The data
covers all of the patients (5,628 patients) who have been
diagnosed to have COVID—19 and released from hospitalization,
as of April 30, 2020. All the information of this data was
anonymized and private variables, such as diagnosis date and
region of residence, were not provided.

The data contains demographic information, outcome of
COVID—19 (death or recovery), duration of hospitalization, vital
signs, clinical symptoms, underlying disease, medical history
and ICU usage. All the patients (n=522) with missing values
were omitted. As a result, the study population of 5,098 were
left with 21 variables. Further information about the variables

can be found at Table 1.
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2.2. Methods

2.2.1. Distribution of Hospitalization

Three parametric distributions (Gamma, Lognormal and Beta)
were applied to hospitalization to identify the distribution of
hospitalization duration. Goodness of fit of these distributions
were assessed through the R—square (R?) and 10—fold cross

validation (root mean square error(RMSE) and absolute mean

bias).

2.2.2. Risk Factors for Hospitalization Duration
Through the goodness of fit tests, a generalized linear
model (GLM) with gamma distribution was used to identify
factors associated with the duration of hospitalization. Log
function was used as a link function is used to calculate the

relative risk of each factor.

2.2.3. Risk Factors for Death and ICU
Logistic regression was used to assess the risk factors for ICU
usage and death, respectively. Log link function is used to

calculate Odd’ s ratio for each risk factor.

10 r _-'.'f_



All of the analysis were performed using RStudio Server (Ver.
4.0.3) and repeated by sub—population(sex and age groups).
R packages including ‘fitdistrplus (fit of a Parametric
Distribution to Non—Censored or Censored Data)’

‘emmeans (estimated marginal means)’ were used.
The study was approved by the institutional review board of
Seoul National University and the independent review board of

Central Disease Control Headquarters.

Chapter 3. Results

3.1. Distribution of Hospitalization

Figure 1 displays the distribution of hospitalization duration for
all patients with each potential distribution (Gamma, Lognormal,
and Beta). The mean of hospitalization of all the patients was
25.8, and the inter quantile range (IQR) was (18,32). The
distribution of hospitalization showed right—skewed
distribution.

Table 2 1s a result of goodness of fit test for each distribution.
Gamma distribution was the best distribution under all the

criteria (R?, RMSE, and absolute mean error).

11 r _-'.'f_



Figure 2 and 3 shows the fitted gamma distribution of
hospitalization of different sex and age groups. We couldn’ t
find an evident heterogeneity between sex; however, each age
group showed different distributions; the oldest group showed a

relatively short hospital duration compared to other age groups.

3.2. Risk Factors for Hospitalization

Table 3 shows the result of gamma regression for
hospitalization. Age was a highly significant factor with p—value
less than 0.001(25.3(95% CI: 24.6, 26) days for age 0—39,
27(95% CI: 26.2, 27.7) days for age 40—59, 28.3(95% CI:
27.6, 29.2) days for age 60—79, and 26.5(95% CI: 25.1, 27.9)
days for age>80); that is, the older the patient, the more likely
they would be hospitalized for longer. Higher

temperature (26.3(95% CI: 25.7, 26.9) days for
temperature<37.5C, and 27.2(95% CI: 26.3, 28.1) days for
temperature>37.5C), cough (merged with sputum; 27.6 (95%
CI: 26.9, 28.3) days compared to 25.9(95% CI: 25.2, 26.6)
days), myalgia(merged with fatigue; 27.3(95% CI: 26.5, 28.2)
days compared to 26.2(95% CI: 25.6, 26.8) days), and risk

factors for longer hospitalization.

12
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The analysis was repeated by using only the cases in which the
patient recovered because death might confound the association
between risk factors with hospitalization; cases that the patient
died had significantly shorter hospitalization(mean of 16.0
days), compared to ones who recovered(25.8 days). However,
the result was similar, except for the underlying diabetes
becoming significant.

Results of subgroup analyses are table 3—1~14. The result
didn” t vary much by sex or age; male showed less significance

for all of the variables.

3.3. Assessing Risk Factors for Death and ICU

Table 4 shows the result of logistic regression for the
admission to ICU. Similar to the result from hospitalization
analysis, age (RR=1.9(95% CI: 1.0, 3.7) for age 40—59,
7.4(95% CI: 4.1, 13.4) for age 60—79, and 11.0(95% CI: 5.4,
22.3) for age>80, compared to age<40),

temperature (RR=3.1(95% CI: 2.2, 4.3) compared to
temperature<37.5) and cough(95% CI: 1.4(1,1.9)) were
significant risk factors.

However, males showed higher risk(2.6(95% CI: 1.9,3.6)) of

17
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minute (1.8 (95% CI: 1.3, 2.6)), and underlying chronic kidney
disease (4.1(95% CI: 1.9, 8.7)) were significant risk factors of
using ICU as well.

Table 5 shows the result of logistic regression for the outcome;
either death or recovery. Age was a highly significant factor for
death(RR=5.9(95% CI: 3.4, 10.3) for age 60—79, and
58.6(95% CI: 32.3, 106.3) for age>80, compared to age 40—
59). Male (2.3(95% CI: 1.6, 3.1)), higher heartrate (2.5(95% CI:
1.7,3.7)) and higher temperature (2.7(95% CI: 1.9, 3.9)) were
significant factors as well.

Oddly enough, unlike former regressions, most of underlying
diseases or past histories of the patient showed higher risk for
death. Among these, diabetes(RR=2.2(95% CI: 1.6, 3.1)),
hypertension (1.4 (95% CI: 1.0, 2.0)), heart failure (2.1 (95% CI:
1.1, 4.3)), chronic kidney diseases(2.4(95% CI: 1.1, 5.1)), and

cancer (2.4(95% CI: 1.3, 4.4)) were significant.

20
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Chapter 4. Discussion

This study investigated the epidemiological features’
association with hospitalization of COVID—19 in Korea. Also the
features’ association with the admission to ICU and death was
analyzed. Vital signs and clinical symptoms on admission
seemed to be related with the longer hospitalization and
admission to ICU, while underlying diseases/past history of the
patient showed significant association with the death.

It 1s known that older the patient, the higher the risk for severe
illness from COVID—19[10]. The study could confirm that the
age has significant association with not only death, but also
hospitalization and admission to ICU. Also, the distributions of
hospitalization of each age group differed; hospitaliazation of
patients in the older age group seems to vary more. It seems
that the higher fatalities for the older group might be the
reason; 113 patients out of 315(35.87%) were dead in the age
group of more than 80, while 6.67%, 9.42%, and only one for
age group of 60—80, 40—60, and under 40, respectively. Dead
patients’ mean hospitalization was 16.03 days, which was
much shorter than the overall mean(25.75 days). Except for the
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distribution of hospitalization, there were no significant
difference between all age groups.

There were no significant evidence for the association of sex
and hospitalization. Many studies already reported higher risk
of severe COVID—19 of male than female[11—13], and the
result showed the same result; 5.5%(211/2,111) for males, and
3.55%(106/2,987) for females. Not only that, males showed
higher risk of requiring an ICU(RR=2.5).

Systolic blood pressure, heartrate showed no significant
association with hospitalization. The conjecture is that
multicollinearity with other variables, including underlying
diseases (hypertension) might have caused the loss of
significance. However, heartrate was significantly associated
with the admission to ICU and death. This result confirms the
former knowledge that poor vital signs might lead to more
severe status[14—17].

Clinical symptoms in admission, including cough, sputum,
myalgia and GI symptoms showed significant association with
longer hospitalization. However those variables were not
significantly associated with the admission to ICU and death,
except for cough. The result was similar in both sexes. It may

be possible to interpret these results as the signs in admission,
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which contains both vital signs and clinical symptoms, are more
important features for explaining individuals’ hospitalization,
rather than the underlying disease and past history.

The death may have caused the above results, given that the
hospitalization of patients who are dead is shorter than that of
the recovered. That is, death might have a mediation effect on
both hospitalization and risk factors. To avoid that, subgroup
analysis of only recovered cases are done, and the result of the
subgroup analysis using only the recovered cases(table 3—1)
showed no difference from the original analysis; no underlying
diseases, except for the cancer in the age group under 40, were
significant while most of the clinical symptoms, especially
cough, stayed significantly related to the longer hospitalization.
Vital signs and clinical symptoms in admission were less or not
significant when it came to explaining the admission to ICU and
death. Among those, heartrate and temperature showed
significant association with death. Unlike those, underlying
diseases (diabetes, hypertension, heart failure, chronic kidney
disease and cancer) were significantly associated with death.
Interestingly, females showed significant risk for and asthma as
well.

The study has several limitations. First of all, the COVID—19
24 EEy



epidemiological data gathers up only the first 5800 confirmed
cases in Korea, which is focused on February and March, 2020.
There might be a significant difference between the COVID—19
of that time and right now. Also, the socio—economic situation
differs, resulting different aspects of infection, including
difference in the age range of confirmed people[4]. Such
differences might cause different results if this study is
interpreted without concerns.

Secondly, the COVID—19 epidemiological data has its own
limitations. Because of the personal identification issue, many of
the variables are excluded, including the date of infection,
source of infection, and the region of residence where he or she
live. Because of this reason, both temporal and regional factors
couldn’ t be considered, despite the fact that COVID—19 is
known to have spatiotemporal characteristics[5].

Despite such limitations, this study has several strengths. First
of all, there are few studies concerning hospitalization of
COVID—19. This topic is valuable in current situation, where so
called ‘second’ ,or ‘third wave  of COVID—19 is the main
1ssue. The findings may give some inference about the patients
who are expected to stay in hospital for longer period, and if

ICU is needed or not. Previous studies demonstrated that
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underlying disease and past history of the patient maybe
related to the higher risk of severity of COVID—19[9]; the
findings show that symptoms on admissions are rather more
significant factors than the underlying disease to longer
hospitalization and admission to ICU. Such result can be applied
to efficient distribution of medical resources, where lack of
beds and ICUs is becoming one of the best medical concerns.
Also, this study shares the strength of using COVID—19
epidemiological data. This data is a nationwide total survey
clinical data. It contains various clinical and epidemiological
variables in individual scale. Not only that, the fact that the data
1s gathered by KCDC confirms the credibility of the data.

In conclusion, this study describes the brief distribution of
hospitalization of patients with COVID—19. Also the risk factors
that might have an association with longer hospitalization were
assessed. It was found that age, vital signs (blood pressure),
and clinical symptoms on admission (cough or sputum, myalgia
or fatigue, and gastrointestinal symptoms) are significantly
associated with longer hospitalization. Such factors’

association with admission to ICU and death were assessed as
well. Males showed higher risk of using ICU and death than the

females. Age of the patient was also one of the main factors
26
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that is associated with the admission to ICU and death.
However, unlike hospitalization, underlying disease and past
history of the patient(diabetes, chronic kidney disease, and
cancer) were more significant than the symptoms on admission

for death.
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