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Purpose: No previous investigations of coronavirus disease 2019 (COVID-19) have esti-
mated medical expenses, length of stay, or factors influencing them using administrative 
datasets. This study aims to fill this research gap for the Republic of Korea, which has over 
10,000 confirmed COVID-19 cases.
Patients and Methods: Using the nationwide health insurance claims data of 7590 
confirmed COVID-19 patients, we estimated average medical expenses and inpatient days 
per patient, and performed multivariate negative binomial, and gamma regressions to deter-
mine influencing factors for higher outcomes.
Results: According to the results, COVID-19 patients with history of ICU admission, chest 
CT imaging, lopinavir/ritonavir and hydroxychloroquine use stayed longer in the hospital 
and spent more on medical expenses, and anti-hypertensive drugs were insignificantly 
associated with the outcomes. Female patients stayed longer in the hospital in the over 65 
age group but spent less in medical expenses that the 20–39 group. In the 40–69 age group, 
patients with health insurance stayed longer in the hospital and spent more on medical 
expenses than those aged over 65 years. Comorbidities did not affect outcomes in most age 
groups.
Conclusion: In summary, contrary to popular beliefs, medical expenses and length of 
hospitalization were mostly influenced by age, and not by comorbidities, anti-viral, or anti- 
hypertensive drugs. Thus, responses should focus on infection prevention and control rather 
than clinical countermeasures.
Keywords: medical costs, length of stay in hospital, comorbidities, COVID-19, Republic of 
Korea

Introduction
In the Republic of Korea (also known as South Korea; henceforth, Korea), since the 
first confirmed case of coronavirus 2019 (COVID-19) was reported on January 20, 
2020,1 there have been a total of 22,285 confirmed cases as of September 14, 2020.2 

Among the infected patients, nearly 40% were confirmed in the first two months of 
the pandemic, with 8652 (38.8%) individuals confirmed of the disease as of 
March 20, 2020.3 According to the previous findings, patients from the early 
phase of the pandemic had higher case fatality rates if they were above 70 years 
of age and male compared to younger individuals and female patients; the highest 
proportion of confirmed cases were female (61.5%) and those in their 20s (27.3%); 
in deceased cases, males (54.3%) were higher in proportion than females and the 
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fatality was highest in the age group of 80 years or above 
(35.1%), indicating high fatality among the elderly.3–5

Korea is one of the world’s fastest ageing societies. 
Among a total of 52 million people within its territory, 
over 24% are aged 60 or above (45% men; 55% women), 
which is expected to increase to over 40% of the total 
population by 2047.6,7 Older adults are especially more 
prone to some of the chronic conditions that are common 
comorbidities of COVID-19, such as cardiovascular risk 
factors and the chronic obstructive pulmonary disease 
(COPD).8,9 In particular, the prevalence of cardiovascular 
conditions in the Korean female population shows 
a dramatic increase, from under 10% for women in their 
30s to over 50% in their 70s; a similar trend is observed 
regarding the prevalence of COPD in the male 
population.8,9 Considering the rapid ageing trend of the 
Korean society and the high prevalence of predisposing 
risk factors in the elderly population, in addition to the 
nonnegligible mortality and fatality due to COVID-19, the 
burden posed by the novel infection cannot be overlooked.

Although there have been some clinical studies of 
COVID-19 in Korea, little research has estimated the risk 
factors for severe clinical course. The scope of clinical 
manifestations and the spectrum of COVID-19 has a wide 
range, from asymptomatic infections to severe states with 
respiratory failure demanding intensive critical care with 
mechanical ventilation, renal replacement therapy, and 
extracorporeal membrane oxygenation; rapid clinical dete-
rioration could be found unexpectedly in admitted patients 
within days.10 Previous studies in China and the United 
States (US) have reported that treatment outcomes are 
associated with older age and comorbid conditions such 
as hypertension, diabetes, coronary heart disease, and 
chronic obstructive pulmonary disease (COPD).11–16

Moreover, severe illness influences not only direct 
clinical outcomes but also higher medical expenses and 
longer duration of hospitalization of patients. For instance, 
direct medical costs for hospitalized patients with influ-
enza-related diseases in China have been reported to be 
higher among patients with underlying medical conditions 
or those in severer states than among those without 
a preceding medical history or having a mild state of the 
disease.17,18 In addition, in the case of severe acute 
respiratory syndrome (SARS), patients who were older 
had a longer hospital stay while the hospitalization period 
in deceased cases was shorter among older than younger 
people.19 Nonetheless, only a limited number of studies 

have investigated the direct medical costs and the length of 
stay in hospital among COVID-19 patients.

In Korea, all residents benefit from the universal 
healthcare system through the National Health Insurance 
(NHI) and the Medical Aid Program, in which claimed 
fees are reimbursed to providers after review by the Health 
Insurance Review and Assessment Service (HIRA).20 

Thus, data on medical resource utilization of the entire 
Korean population are produced and collected through 
benefit claims and reimbursement procedures, which 
enables the investigation of the health status of the whole 
population. The South Korean government has shared the 
world’s first de-identified COVID-19 nationwide insurance 
claims data provided by HIRA through the COVID-19 
International Research project.21 In particular, the cover-
age of COVID-19 is entirely covered by the national 
health insurance program due to the application of 
exempted insurance fees in response to the pandemic 
crisis. Thus, data from the COVID-19 International 
Research project include information on screening tests, 
diagnosis, treatments, and outcomes of the disease in all 
residents within Korea.

Therefore, this study aims to estimate direct medical 
expenses and the length of hospitalization due to COVID- 
19, as well as to determine their influencing factors. In this 
study, we utilize the health insurance fee claims data from 
the COVID-19 International Research project of Korea to 
examine the detailed costs and the length of stay in the 
early phase (ie, the first 12 weeks) of the pandemic; in 
particular, we investigate the details of demographic and 
clinical characteristics, including comorbid conditions, 
ICU admissions, and such treatments as the use of medi-
cation or mechanical ventilators. Thereafter, we analyze 
the risk factors of having higher medical expenditures or 
longer inpatient stays by each of the demographic and 
clinical features of Korean patients with COVID-19.

Patients and Methods
Study Design and Participants
This study used insurance benefits claims data provided by 
HIRA through the COVID-19 International Research pro-
ject of the Korean government. For the COVID-19 
International Research project, HIRA provides the insur-
ance benefit claims data relevant to COVID-19 and the 
history of medical service use for the past three years 
(January 2017 to February 2020) for all COVID-19 
patients of South Korea as of May 15, 2020.21 The 
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Health Insurance Review & Assessment Service identified 
7590 confirmed patients by connecting the claims with the 
list of confirmed COVID-19 patients from the Korea 
Disease Control and Prevention Agency (KCDA). This 
information was also provided in the COVID-19 patient 
data set. The 7590 confirmed COVID-19 patients were 
defined as targets for analysis.

Data Collection
This study collected the following insurance claims data: 
demographic information (sex, age, healthcare coverage, 
and provider region), comorbidities (cancer, COPD, 
ischemic heart disease, hypertension, and diabetes), use 
of renin-angiotensin-aldosterone system (RAAS) inhibitor 
anti-hypertensive drugs (angiotensin-converting-enzyme 
inhibitor [ACEI] and angiotensin II receptor blocker 
[ARB]; detailed descriptions with the anatomical therapeu-
tic chemical classification codes in Supplementary Table 
1), treatments or healthcare resource utilization (ICU 
admission, mechanical ventilation, chest computed tomo-
graphy [CT], and use of the medications interferon, lopi-
navir/ritonavir [typically Kaletra], and 
hydroxychloroquine), direct medical expenses (testing, 
treatment, and pharmaceutical costs occurred in patients 
with the major diagnosis of COVID-19), and the length of 
stay in hospital (days spent in hospital). We considered 
healthcare coverage (health insurance and medical aid 
beneficiaries) as one of the demographic variables to 
assess patients’ financial status, and the utilized provider’s 
region (Daegu, Gyeongsangbuk-do [Gyeongbuk], and 
others) to compare the origins of community-acquired 
infections (ie, Daegu and Gyeongbuk) among regions. 
Comorbidities were defined as conditions from 1 year 
before the diagnosis of COVID-19. In addition, to identify 
the risk of RAAS inhibitors in COVID-19 patients, pre-
scription of ACEI and ARB within 6 weeks of the 
COVID-19 test was defined as the use of such drugs and 
investigated.

Statistical Analysis
We calculated descriptive statistics about length of stay 
and medical expenses by demographical characteristics of 
COVID-19 patients. This study considered sex, age, pro-
vider region, comorbid conditions, and treatments in hos-
pital for patients with COVID-19 as demographical 
characteristics. Then, we confirmed the differences in 
costs and duration according to demographical character-
istics by using univariate generalized linear regression 

analysis. To compare differences in length of stay, univari-
ate negative binomial regression analysis was used. 
Gamma regression analysis was performed to compare 
medical expenses. Multivariate generalized linear regres-
sions were performed to analyze the influencing factors 
regarding medical expenses and the length of stay in 
hospital for all patients aggregated and by each age 
group. Variables included in the regression models were 
demographics, comorbidities, anti-hypertensive drug use, 
healthcare resource utilization, and treatments that 
included the use of medications. Negative binomial regres-
sions were performed to analyze the length of hospital 
stay, and gamma regressions were performed for medical 
expenses.

In this study, we chose to present medical expenses 
based on United States dollars (USD) rather than Korean 
won (KRW). We used the basic exchange rate for KRW 
per USD on May 15, 2020, which was USD 1 = KRW 
1227.90.22 All statistical analyses were performed with 
SAS 9.4 and the significance of all statistical tests was 
determined using the 0.05 level.

Ethics Statement
This study was approved by Kyung Hee University’s 
Institutional Review Board (IRB No. KHSIRB-20-164). 
Informed consent was not required owing to the use of de- 
identified data provided by HIRA.

Results
Demographic and Clinical Characteristics 
of COVID-19 Patients
This study included 7590 patients confirmed with COVID- 
19 in Korea. Table 1 presents the differences by the length 
of stay and medical expenses by the demographic and 
clinical characteristics of COVID-19 patients. Differences 
by the mean length of stay by sex is not significantly 
confirmed (p-value = 0.222), but males (4633±5837 
USD) show a higher mean of medical expenses than 
females (4067±5335 USD). Means of length of stay and 
medical expenses increase with advancing age 
(p-value<0.001). Association between healthcare coverage 
and length of stay and medical expenses is not statistically 
significant. Length of stay of Daegu (23.0±16.4 days) is 
the longest, but the highest medical expense is observed in 
others (4497±5506 USD).

The greater number of comorbidities also correlates 
with longer durations and higher costs (p-value<0.001). 
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Table 1 Length of Stay and Medical Expenses by Characteristics of COVID-19 Patients

COVID-19 Patients (n=7590)

n Length of Stay (Days) Medical Expenses (USD)

Mean±SD p-valuea Mean±SD p-valueb

Sex
Male 3095 21.6±14.1 0.222 4633±5837 <0.001

Female 4495 22.0±14.7 4067±5335

Age (years)
0–19 431 19.1±10.6 <0.001 2927±3101 <0.001
20–39 2629 19.1±11.2 3205±3315

40–64 3165 22.4±14.9 4432±5471

65+ 1365 26.9±17.9 6523±8365

Healthcare coverage
Medical aid 629 21.6±17.0 0.673 4035±5433 0.129
Health insurance 6961 21.9±14.2 4322±5562

Provider region
Daegu 2696 23.0±16.4 <0.001 4184±5527 0.006

Gyeongsangbok-do 1421 21.8±13.0 4026±5696

Others 3473 21.0±13.3 4497±5506

Number of comorbiditiesc

0 5427 20.7±13.4 <0.001 3781±4595 <0.001
1 1694 24.1±15.8 5429±7358

2 403 26.8±17.8 6196±7039

3+ 66 26.2±17.9 6190±6195

Cancer
No 7252 21.7±14.3 <0.001 4223±5531 <0.001
Yes 338 26.0±16.1 5902±5757

COPD
No 7031 21.8±14.4 <0.001 4273±5577 0.116

Yes 559 23.0±14.3 4607±5215

Ischemic heart disease
No 7352 21.7±14.3 <0.001 4237±5494 <0.001
Yes 238 26.3±18.5 6177±6855

Hypertension
No 6627 21.4±14.0 <0.001 4041±4867 <0.001

Yes 963 25.2±16.9 6068±8741

Diabetes
No 6986 21.5±14.1 <0.001 4162±5415 <0.001

Yes 604 25.8±17.6 5867±6755

ICU admission
No 6744 20.9±13.7 <0.001 3335±3134 <0.001
Yes 846 29.4±17.8 11,974±11,491

Chest CT
No 4914 19.3±13.4 <0.001 3065±4082 <0.001

Yes 2676 26.6±15.1 6562±6994

(Continued)
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COVID-19 patients with cancer (26.0±16.1 days), COPD 
(23.0±14.3 days), ischemic heart disease (26.3±18.5 days), 
hypertension (25.2±16.9 days), and diabetes (25.8±17.6 
days) present longer length of stay than those without 
these diseases. COVID-19 patients with cancer (5902 
±5757 USD), ischemic heart disease (6177±6855 USD), 
hypertension (6068±8741 USD), diabetes (5867±6755 
USD) show higher medical expenses, but the difference 
in COPD is not confirmed.

COVID-19 patients who used ICU (29.4±17.8 days, 
11,974±11,491 USD), chest CT imaging (26.6±15.1 days, 
6562±6994 USD), mechanical ventilators (29.2±19.9 
days, 25,555±22,783 USD) stayed longer in the hospital, 
and incurred higher medical expenses. Means of length of 
stay (24.0±17.7 days) and medical expenses (4255±3851 
USD) of COVID-19 patients who used ACEI are not 
significantly different from those who did not use the 
drug. COVID-19 patients who used ARB (26.6±18.0 
days, 6442±9193 USD), lopinavir/ritonavir (27.9±15.5 
days, 6966±7559 USD), HCQ (25.0±17.7 days, 6603 

±7587 USD), and interferon (25.0±17.7 days, 10,108 
±9686 USD) stayed longer in the hospital, and incurred 
higher medical expenses than those who did not, and we 
could confirm statistical differences (p-value<0.001).

Influencing Factors of Medical Expenses 
and Length of Stay in Hospital Due to 
COVID-19
In Table 1, we found that age, provider region, number of 
comorbidities, comorbidities (cancer, COPD, ischemic 
heart disease, hypertension, diabetes), medical equipment 
use (ICU, chest CT, mechanical equipment), and drug use 
(ARB, lopinavir/ritonavir, HCQ, interferon) affected 
length of stay. Sex, age, provider region, number of 
comorbidities, comorbidities (cancer, ischemic heart dis-
ease, hypertension, diabetes), medical equipment use 
(ICU, chest CT, mechanical equipment), and drug use 
(ARB, lopinavir/ritonavir, HCQ, interferon) had an asso-
ciation with medical expenses in COVID-19 patients. 

Table 1 (Continued). 

COVID-19 Patients (n=7590)

n Length of Stay (Days) Medical Expenses (USD)

Mean±SD p-valuea Mean±SD p-valueb

Mechanical ventilation
No 7469 21.7±14.3 <0.001 3953±3942 <0.001
Yes 121 29.2 ±19.9 25,555±22,783

ACEI use
No 7563 21.9±14.4 0.470 4298±5557 0.961

Yes 27 24.0±17.7 4255±3851

ARB use
No 6843 21.4±13.9 <0.001 4064±4941 <0.001

Yes 747 26.6±18.0 6442±9193

Lopinavir/ritonavir use
No 4927 18.6±12.7 <0.001 2856±3267 <0.001
Yes 2663 27.9±15.5 6966±7559

HCQ use
No 7527 21.8±14.4 <0.001 3410±4206 <0.001

Yes 63 25.0±17.7 6603±7587

Interferon use
No 7527 21.8±14.4 <0.001 4249±5479 <0.001

Yes 63 25.0±17.7 10,108±9686

Notes: ap-value for univariate negative binomial regression analysis. bp-value for univariate gamma regression analysis. cCancer, chronic obstructive pulmonary disease, 
ischemic heart disease, hypertension, diabetes. 
Abbreviations: SD, standard deviation; COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; CT, computed tomography; ACEI, angiotensin-converting- 
enzyme inhibitor; ARB, angiotensin II receptor blocker; HCQ, hydroxychloroquine.
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Table 2 shows the adjusted results from negative binomial 
and gamma regression models analyzing the influencing 
factors of length of hospital stay and medical expenses.

In the negative binomial regression model, sex, age, 
healthcare coverage, ICU admission, chest CT, lopinavir/ 
ritonavir use, and HCQ use shows an association with 

Table 2 Results of Generalized Linear Regression Analyses for Length of Stay and Medical Expenses of COVID-19 Patients

COVID-19 Patients (n=7590)

Length of Stay (Days)a Medical Expenses (USD)b

Estimates SE p-value Estimates SE p-value

Sex (reference = male)
Female 0.03 0.01 0.045 −0.02 0.02 0.282

Age (reference = 0–19 years)
20–39 years −0.08 0.03 0.012 −0.11 0.05 0.022

40–64 years −0.06 0.03 0.088 −0.07 0.05 0.156
65+ years −0.03 0.04 0.455 −0.07 0.05 0.186

Healthcare coverage (reference = medical aid)
Health insurance 0.07 0.03 0.009 0.16 0.04 <0.001

Provider region (reference = others)
Daegu −0.01 0.02 0.448 −0.12 0.02 <0.001

Gyeongsangbok-do 0.03 0.02 0.100 0.05 0.03 0.101

Cancer (reference = no)
Yes 0.05 0.03 0.185 0.07 0.05 0.163

COPD (reference = no)
Yes 0.00 0.03 0.935 0.06 0.04 0.130

Ischemic heart disease (reference = no)
Yes 0.02 0.04 0.680 −0.01 0.06 0.859

Hypertension (reference = no)
Yes −0.01 0.03 0.812 0.04 0.04 0.342

Diabetes (reference = no)
Yes −0.01 0.03 0.817 0.00 0.04 0.913

ICU admission (reference = no)
Yes 0.22 0.02 <0.001 0.92 0.04 <0.001

Chest CT (reference = no)
Yes 0.19 0.02 <0.001 0.52 0.02 <0.001

ACEI use (reference = no)
Yes −0.02 0.12 0.853 −0.23 0.18 0.196

ARB use (reference = no)
Yes 0.05 0.03 0.065 −0.02 0.04 0.681

Lopinavir/ritonavir use (reference = no)
Yes 0.28 0.02 <0.001 0.60 0.02 <0.001

HCQ use (reference = no)
Yes 0.25 0.02 <0.001 0.35 0.03 <0.001

Notes: aMultivariate negative binomial regression model including mechanical ventilator application and interferon use. bMultivariate gamma regression model including 
mechanical ventilator application and interferon use. 
Abbreviations: SE, standard error; COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; CT, computed tomography; ACEI, angiotensin-converting- 
enzyme inhibitor; ARB, angiotensin II receptor blocker; HCQ, hydroxychloroquine.

https://doi.org/10.2147/RMHP.S292538                                                                                                                                                                                                                                

DovePress                                                                                                                                      

Risk Management and Healthcare Policy 2021:14 2026

Jang et al                                                                                                                                                              Dovepress

https://www.dovepress.com
https://www.dovepress.com


duration in hospital. Female patients with COVID-19 
stayed 3% longer in the hospital than males. In the 
20–39 age group, length of stay had significant difference 
(p-value=0.012), and they stayed 8% less than the 0–19 
group. Regarding duration in hospital to treat COVID-19, 
patients with medical aid stayed 7% longer than those with 
health insurance. COVID-19 patients who were admitted 
to ICU stayed 22% longer in hospital than those who were 
not admitted, and those who underwent a chest CT stayed 
19% longer. Patients who used lopinavir/ritonavir and 
HCQ were admitted to the hospital longer than those 
who did not use these drugs.

In the gamma regression model, medical expenses, age, 
healthcare coverage, provider region, ICU admission, chest 
CT, lopinavir/ritonavir use, and HCQ use present an associa-
tion with costs to treat COVID-19. In the 20–39 age group, 
medical expenses had significant difference (p-value=0.022), 
11% lower than the 0–19 group. Medical aid patients spend 
16% higher on medical expenses than those with health 
insurance, and Daegu patients spend 12% less on the costs 
to treat COVID-19. Medical equipment usage results in 
higher medical expenditure, and COVID-19 patients who 
were admitted to ICU paid 92% more than those who were 
not. Those who underwent chest CT paid 52% more than 
those who did not. Medical expenses for patients who used 
lopinavir/ritonavir and HCQ were 60% and 35% higher, 
respectively, than those who did not use these drugs. 
Results from regression analyses about length of stay and 
medical expenses considered the number of comorbidities 
instead of each comorbidity separately, and presented overall 
similar trends (see Supplementary Table 2).

Table 3 shows the results of age-stratified negative bino-
mial regression analyses about COVID-19 treatment dura-
tion. In the 20–39 age group, healthcare utilization from 
providers located in Gyeongbuk province, ICU admission, 
chest CT imaging, lopinavir/ritonavir use, and HCQ use 
were significantly associated with longer length of stay in 
hospital. In the 40–64 age group, health insurance status, 
healthcare utilization from providers located in Daegu, ICU 
admission, chest CT imaging, lopinavir/ritonavir use, and 
HCQ use was significantly associated with the duration of 
COVID-19 treatment in hospital. In the over 65 age group, 
female, ICU admission, chest CT imaging, lopinavir/ritona-
vir use, and HCQ use resulted in longer hospital stay. Results 
from the age-stratified negative binomial regression analyses 
about length of stay considered the number of comorbidities 
instead of each comorbidity separately, and presented overall 
similar trends (see Supplementary Table 3).

Table 4 shows the results of age-stratified negative 
binomial regression analyses regarding costs to treat 
COVID-19. In the 20–39 age group, male, healthcare 
utilization from providers located in Gyeongbuk province, 
ICU admission, chest CT imaging, lopinavir/ritonavir use, 
and HCQ use were significantly associated with higher 
medical expenses. In the 40–64 age group, health insur-
ance status, COPD, ICU admission, chest CT imaging, 
lopinavir/ritonavir use, and HCQ use resulted in signifi-
cantly higher costs to treat COVID-19. Patients who used 
healthcare from providers located in Daegu province spent 
on 12% less on medical expenses than others. In the over 
65 age group, health insurance patients, ICU admission, 
chest CT imaging, lopinavir/ritonavir use, and HCQ use 
resulted in higher medical expenses. Patients who used 
healthcare from providers located in Daegu province 
spent 35% lower on medical expenses than others. 
Results from the age-stratified gamma regression analyses 
about medical expenditures considered number of comor-
bidities instead of each comorbidity separately and pre-
sented overall similar trends (see Supplementary Table 4 
and supplementary table 5).

Discussion
This study estimated the cost of direct medical expenses 
and the length of stay in hospital among COVID-19 
patients in Korea, using nationwide health insurance ben-
efit claims data. According to our results, the average cost 
of medical expenses was USD 1193.7 and the average 
length of hospital stay was 5.5 days per patient. When 
observed by sex and age group, the average medical 
expenses for both male and female patients were higher 
for older ages. The average length of stay in hospital also 
tended to be higher for older ages, except for the group 
aged 65 years or above, which had a shorter hospital stay 
than the group aged 40–64 years. Our results show 
a higher burden of COVID-19 among older patients 
through increased medical expenses and length of hospi-
talization in accordance with previous reports on in- 
hospital deaths and ICU admissions of the elderly.12,15 

An exception is shorter inpatient stays for those aged 65 
years or above, possibly because there are fewer survivors 
in this group.15,16 Especially in cases where medical 
demand surges significantly and overwhelms health infra-
structure, chances are high that older patients fall victim to 
the lack of capacity to provide adequate care for every 
patient.
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Average cost of direct medical expenses among 
COVID-19 patients in this study (USD 1193.7) was esti-
mated to be lower than that of pneumonia treatment (USD 
1782) and Middle East respiratory syndrome (MERS) 
(male patients, USD 2827; female patients, USD 
2326).23,24 Meanwhile, the average cost of direct medical 
expenses among COVID-19 patients in this study was 

estimated to be higher than that due to respiratory diseases 
such as COPD (USD 1000) and asthma (USD 227) in 
Korea.25,26 Furthermore, according to our study results, 
the average length of stay in hospital was 5.5 days for 
COVID-19 patients, which is shorter than that of pneumo-
nia (9.0 days) or MERS patients (male patients, 10 days; 
female patients, 9 days) but longer than that of COPD (1.8 

Table 3 Results of Age-Stratified Negative Binomial Regression Analyses for Length of Stay of COVID-19 Patients

Negative Binomial Regression Model for Length of Stay a

20–39 Years (n=2629) 40–64 Years (n=3165) ≥ 65 Years (n=1365)

Estimates SE p-value Estimates SE p-value Estimates SE p-value

Sex (reference = male)
Female 0.00 0.02 0.943 0.04 0.02 0.085 0.11 0.04 0.003

Healthcare coverage (reference = 
medical aid)

Health insurance −0.04 0.07 0.536 0.10 0.04 0.005 0.08 0.06 0.146

Provider region (reference = others)
Daegu −0.08 0.03 0.003 0.02 0.03 0.343 0.00 0.05 0.996
Gyeongsangbok-do 0.07 0.03 0.023 −0.03 0.03 0.318 0.05 0.06 0.413

Cancer (reference = no)
Yes 0.05 0.12 0.659 0.01 0.05 0.863 0.11 0.06 0.077

COPD (reference = no)
Yes 0.00 0.05 0.982 0.01 0.04 0.741 −0.04 0.06 0.462

Ischemic heart disease (reference = no)
Yes 0.15 0.19 0.423 0.05 0.07 0.437 −0.02 0.06 0.789

Hypertension (reference = no)
Yes −0.01 0.14 0.920 0.01 0.04 0.848 −0.04 0.04 0.331

Diabetes (reference = no)
Yes −0.14 0.14 0.314 0.06 0.04 0.114 −0.08 0.05 0.089

ICU admission (reference = no)
Yes 0.16 0.04 <0.001 0.22 0.04 <0.001 0.29 0.05 <0.001

Chest CT (reference = no)
Yes 0.23 0.03 <0.001 0.17 0.02 <0.001 0.12 0.04 0.003

ACEI use (reference = no)
Yes - - - −0.32 0.23 0.163 0.08 0.16 0.611

ARB use (reference = no)
Yes 0.11 0.18 0.518 0.05 0.04 0.217 0.06 0.05 0.212

Lopinavir/ritonavir use (reference = no)
Yes 0.26 0.03 <0.001 0.33 0.02 <0.001 0.23 0.04 <0.001

HCQ use (reference = no)
Yes 0.19 0.03 <0.001 0.25 0.03 <0.001 0.30 0.04 <0.001

Note: aMultivariate negative binomial regression model including mechanical ventilator application and interferon use. 
Abbreviations: SE, standard error; COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; CT, computed tomography; ACEI, angiotensin-converting- 
enzyme inhibitor; ARB, angiotensin II receptor blocker; HCQ, hydroxychloroquine.
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days) and other respiratory diseases (4 days).23–25,27 In 
Korea and other Asia-Pacific countries, direct medical 
costs for respiratory diseases were observed to be higher 
in pharmaceutical and specialist visit sectors than hospita-
lization, as inpatient treatment occurred infrequently.27 

However, as the unit cost of hospitalization is generally 
much higher than that of pharmaceuticals and outpatient 

visits, diseases that require more inpatient treatment and 
hospitalization in terms of isolation to prevent further 
spread of pathogens, such as COVID-19, MERS, and 
pneumonia, may result in higher medical costs than 
others.28 Moreover, it is notable that COVID-19 patients 
spent fewer days in hospital and incurred lower medical 
expenses than pneumonia and MERS patients, which can 

Table 4 Results of Age-Stratified Gamma Regression Analyses for Medical Expenses of COVID-19 Patients

Gamma Regression Model for Medical Expenses a

20–39 Years (n=2629) 40–64 Years (n=3165) ≥ 65 Years (n=1365)

Estimates SE p-value Estimates SE p-value Estimates SE p-value

Sex (reference = male)
Female −0.08 0.04 0.025 0.01 0.03 0.701 0.02 0.04 0.618

Healthcare coverage (reference = 
medical aid)

Health insurance 0.10 0.11 0.400 0.16 0.05 0.002 0.13 0.06 0.043

Provider region (reference = others)
Daegu 0.00 0.04 0.954 −0.12 0.04 0.001 −0.35 0.06 <0.001
Gyeongsangbok-do 0.10 0.05 0.043 −0.01 0.05 0.865 −0.07 0.07 0.270

Cancer (reference = no)
Yes 0.14 0.20 0.494 0.05 0.07 0.484 0.12 0.07 0.106

COPD (reference = no)
Yes −0.03 0.08 0.749 0.16 0.06 0.009 −0.07 0.07 0.257

Ischemic heart disease (reference = no)
Yes −0.09 0.30 0.757 0.00 0.10 0.989 0.03 0.07 0.641

Hypertension (reference = no)
Yes 0.34 0.23 0.135 0.04 0.06 0.466 −0.02 0.05 0.640

Diabetes (reference = no)
Yes −0.31 0.23 0.181 0.05 0.06 0.352 −0.05 0.05 0.345

ICU admission (reference = no)
Yes 1.06 0.07 <0.001 0.88 0.05 <0.001 0.85 0.06 <0.001

Chest CT (reference = no)
Yes 0.68 0.04 <0.001 0.48 0.03 <0.001 0.29 0.04 <0.001

ACEI use (reference = no)
Yes - - - −0.26 0.32 0.421 −0.15 0.18 0.422

ARB use (reference = no)
Yes −0.13 0.28 0.639 −0.02 0.06 0.694 0.05 0.06 0.320

Lopinavir/ritonavir use (reference = no)
Yes 0.69 0.05 <0.001 0.64 0.03 <0.001 0.46 0.05 <0.001

HCQ use (reference = no)
Yes 0.40 0.05 <0.001 0.36 0.04 <0.001 0.33 0.05 <0.001

Note: aMultivariate gamma regression model including mechanical ventilator application and interferon use. 
Abbreviations: SE, standard error; COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; CT, computed tomography; ACEI, angiotensin-converting- 
enzyme inhibitor; ARB, angiotensin II receptor blocker; HCQ, hydroxychloroquine.
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be explained by the lower fatality of COVID-19 cases 
(2.4%; May 12, 2020) than that of the others in Korea 
(pneumonia, 3.2%; MERS, 20.4%).6,23,24 However, indir-
ect costs for social infection prevention and control were 
not estimated in this study and must be considered through 
further investigations.

Globally, the mean direct medical expenses in China 
due to Avian influenza (H7N9) (USD 10,969), seasonal 
influenza (USD 1797), and SARS (USD 1886) were 
higher than the estimated cost of COVID-19 patients 
included in our study (USD 1193.7).17,18 In addition, the 
average cost of medical expenses due to MERS in Saudi 
Arabia (USD 12,947.03) was also higher than that due to 
COVID-19.28 Lower medical expenses due to COVID-19 
compared to the aforementioned diseases may be due to 
the difference between case fatalities.17 In addition, differ-
ence in healthcare systems between countries should be 
considered. To assess the estimated results of medical 
expenses among Korean patients, further investigations in 
other countries with different settings are required. To the 
best of our knowledge, there have been few or no studies 
globally on the nationwide direct medical expenses due to 
COVID-19. In a scenario study in the US, the direct 
medical cost of COVID-19 was predicted to be USD 
3045.29 In addition, average medical expenses of 
COVID-19 patients from two hospitals located in China 
were estimated to be USD 274 for one and USD 1074 for 
the other.30 More research is needed to estimate the health-
care costs of COVID-19 patients, especially in nationally 
representative samples.

Another branch of findings from this study is the 
influencing factors of medical expenses and the length of 
stay in hospital among COVID-19 patients. In Korea, 
patients with COVID-19 are discharged when they meet 
either the clinical or the testing criteria.31 Symptomatic 
patients are discharged at improved clinical symptoms 
without any fever for the minimum of 72 hours after 10 
days of symptom onset (clinical criteria) or the same 
observed 7 days after the onset and getting the negative 
results in two 24-hour interval PCR-tests in a row. Among 
the asymptomatic patients, the criteria are the same except 
that the requirement is not the lost fever and improving 
symptoms but the absolute symptomless state. Since the 
patients were discharged not only based on the PCR-tests 
but majorly considering the improvement and the presence 
of symptoms, the main variables of interest in the current 
study, medical expenses and the length of hospital stay, 

can be proxy indicators for disease severity. In particular, 
results from our adjusted models showed that female 
patients, patients aged 0–19 years, healthcare service 
from providers in Daegu or Gyeongbuk region, lopina-
vir/ritonavir use, and hydroxychloroquine use were asso-
ciated with higher medical expenses and longer hospital 
stays among COVID-19 patients. However, based on 
observations by age group, providers from Daegu or 
Gyeongbuk were associated with higher cost of medical 
expenditures for ages 20–39 years and longer hospital 
stays among those aged 20–64 years. Comorbid conditions 
of cancer and ischemic heart disease were strongly asso-
ciated with shorter hospital stays among COVID-19 
patients but became insignificant when analyzed by each 
age group.

Our findings suggest that among COVID-19 patients, 
the age group 65 years or above is significantly associated 
with lower medical expenses and a shorter length of stay 
in hospital than the age group 0–19 years, supposedly 
because of the higher fatality and faster death of the 
older population: In this study, older patients were more 
likely to report higher medical expenses and longer stay in 
hospital when considering age as a single factor; however, 
opposite results were shown in adjusted models with 
numerous variables. According to a retrospective cohort 
study in Wuhan, China, the median length of stay in 
hospital was 11 days per patient in total, 7.5 days among 
deceased, and 12.0 days among survivors.15 Other 
research from New York reported a shorter length of stay 
in hospital for non-survivors than survivors among the age 
group 65 years or above.16 Thus, the association between 
older ages (≥65 years) and shorter length of stay in hospi-
tal may be due to the higher likelihood of death of older 
populations and consequent lower medical expenses.

In previous studies, comorbid conditions of COVID-19 
were more prevalent among ICU admissions than non-ICU 
admissions.12 In particular, coronary heart disease, dia-
betes, and hypertension were risk factors for in-hospital 
deaths among COVID-19 patients.15 In addition, length of 
stay in hospital was longer for deceased diabetic patients 
than for deceased non-diabetic ones, and for deceased 
patients with hypertension than for deceased non- 
hypertensive patients.16 The results from our study showed 
that patients presenting comorbid conditions of cancer and 
ischemic heart disease had higher odds of shorter stay in 
hospital when adjusted for age, but when analyzed sepa-
rately by age group or in crude analyses for each comorbid 
condition as a single variable, there was no significant 
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association between the prevalence of comorbidities and 
outcome indicators. All other comorbid diseases had no 
significant association with medical expenses or length of 
stay in hospital for COVID-19 patients. Previously, high 
prevalence of comorbidities in the elderly was considered 
to be able to explain the vulnerability of the older popula-
tion to COVID-19.32,33 Our results from analyses in dif-
ferent age groups suggest the opposite: the association 
between comorbid conditions and undesired outcomes 
(eg, deaths or ICU admissions) could be due to the older 
age of comorbidity-prevalent groups.

Another comorbid condition considered in our study 
was the use of RAAS inhibitors, including ACEI and 
ARB. We find that ACEI and ARB usage among 
COVID-19 patients is not significantly related to an 
increase in medical expenses or length of stay in hospital. 
Similarly, several studies have reported insignificant asso-
ciations between ACEI/ARB and undesired clinical 
outcomes.14,16 Although the biphasic effects of ACEI/ 
ARB are still being investigated, our study supports the 
view that there is no need to eliminate or change the drugs 
for COVID-19 patients.34

In our study, anti-viral treatments with lopinavir/rito-
navir and hydroxychloroquine were significantly related to 
high medical expenses and longer hospital stays among 
COVID-19 patients. Association between anti-viral drugs 
and high medical costs or longer hospitalization could be 
explained by usual treatment procedures whereby anti- 
virals are used to treat severe patients; for example, the 
median time from the onset of illness to lopinavir/ritonavir 
prescription was 14 days in a previous study.15 Therefore, 
the results from this study do not necessarily imply that the 
drugs should not be used; however, neither do they support 
the efficacy of lopinavir/ritonavir and hydroxychloroquine 
usage.

Our study has some limitations. First, due to the nature 
of insurance benefit claims data, only the information that 
could be reported in the claims statements could be 
included, resulting in missing “death” variable. As 
a compensation, we considered medical expenses and 
the length of stay in hospital as our outcome variables 
rather than the fixed clinical outcomes of discharged alive 
or dead. Second, owing to the nature of insurance benefit 
claims data, the timeline of each provider’s claims might 
not precisely coincide with the point of event occurrence 
in each patient, as the data depend solely on providers’ 
claims to the NHI. Therefore, there is a limitation of 
missing data from non-claimed healthcare utilization 

that is not-yet-to-be-claimed. However, the actual ana-
lyzed period included in the study can be inferred from 
the number of confirmed patients and methods of provider 
claims. Health insurance claims should be claimed 
weekly; however, in cases of patients with prolonged 
hospitalization, providers disperse claims benefit in 
monthly installments. Corroborating, the number of par-
ticipants included in the study was 7590 (claimed as of 
May 15, 2020), which is close to the number as of 
March 11, 2020 (7755).6 Therefore, it can be reasonably 
said that the actual period included in the study was until 
early March, reducing the uncertainty due to the missing 
data. Finally, as the pandemic is ongoing, our study 
results are provisional; the average costs and the length 
of in-hospital stay are likely to be changed. However, 
there is a clear need for the estimation of current status 
despite the changes likely being made in the future, as it 
could support the decision making process while enabling 
the horizontal (ie, between countries) and vertical (ie, 
between early and later phases of the pandemic) 
comparisons.

Conclusion
Despite the limitations, to the best of our knowledge, this is 
the first study to estimate the cost of direct medical expenses 
and the length of stay in hospital among COVID-19 patients 
using a nationwide database. In particular, as far as we 
know, no previously published research has calculated the 
direct cost of healthcare utilization due to COVID-19 
nationally using administrative data that consists the entire 
population. Our findings could serve as a global reference 
for direct medical expenses and length of hospital stay 
among COVID-19 patients. Furthermore, this study pro-
vides evidence of disease severity mostly influenced by 
age of COVID-19 patients above any other factors; proxy 
indicators of the disease severity (ie, medical expenditures 
and duration of hospital stay) were not significantly asso-
ciated with variables previously perceived or debated to 
worsen clinical outcomes including comorbidities, anti- 
viral use, and use of ACEI and ARB. Given that the out-
come of COVID-19 patients is not greatly influenced by 
significant presenting characteristics, response to the dis-
ease should focus on infection prevention rather than tar-
geted clinical measures after infection.
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