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In South Korea, the first confirmed case of coronavirus 2019 (COVID-19) was detected on January 20, 2020. After a month, the number of confirmed cases surged, as community transmission occurred. The local hospitals experienced severe shortages in medical resources such as mechanical ventilators and extracorporeal membrane oxygenation (ECMO) equipment. With the medical claims data of 7,590 COVID-19 confirmed patients, this study examined how the demand for major medical resources and medications changed during the outbreak and subsequent stabilization period of COVID-19 in South Korea. We also aimed to investigate how the underlying diseases and demographic factors affect disease severity. Our findings revealed that the risk of being treated with a mechanical ventilator or ECMO (critical condition) was almost twice as high in men, and a previous history of hypertension, diabetes, and psychiatric diseases increased the risk for progressing to critical condition [Odds Ratio (95% CI), 1.60 (1.14–2.24); 1.55 (1.55–2.06); 1.73 (1.25–2.39), respectively]. Although chronic pulmonary disease did not significantly increase the risk for severity of the illness, patients with a Charlson comorbidity index score of ≥5 and those treated in an outbreak area had an increased risk of developing a critical condition [3.82 (3.82–8.15); 1.59 (1.20–2.09), respectively]. Our results may help clinicians predict the demand for medical resources during the spread of COVID-19 infection and identify patients who are likely to develop severe disease.
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BACKGROUND

The first case of coronavirus 2019 (COVID-19) in South Korea was detected on January 20, 2020, and the cumulative number of confirmed cases was 31 by February 19. However, since a large outbreak occurred in Daegu on February 20, the number of cases increased drastically to >9,000 in 1 month (1). The health care system faced an unprecedented crisis during this period, with newly diagnosed COVID-19 patients increasing by more than 1,000 per day, which was compounded by a critical shortage in medical resources. As recent studies widely report on the risk stratification (2) and mortality rate in COVID-19 (3), we aimed to study the impact of the COVID-19 pandemic on the utilization of medical resources and to evaluate the potential risk factors associated with the severity of the illness.



METHODS

We used the database of South Korea's Health Insurance Review and Assessment Service (HIRA), which contains data for 7,590 COVID-19 patients (4). Based on the medical claims forms for patients treated for COVID-19, which outline their treatment and previous medical history, we classified disease severity into three categories (mild, severe, and critical) and identified potential risk factors for the severity of illnesses. The classification of disease severity was based on the guidelines of the Korea Center for Disease Control and Prevention (K-CDC). If a patient received oxygen therapy (by nasal cannula or mask), they were classified as a “severe” case. If a patient required a ventilator for breathing or if there was a claim history of Extra Corporeal Membrane Oxygenation (ECMO) use, they were classified as a “critical” case (5). The quantity and frequency of the use of medical resources were calculated from January 20 to May 15 (Supplementary Methods). The selection and classification process of participants is presented as a CONSORT flowchart (Supplementary Figure 1).



RESULTS

In the initial phase (when the number of daily confirmed cases was below 100, in the period up to February 19), the demands for mechanical ventilators were 0.3 per day, which increased to ~13.7 per day during the acceleration phase (from when the number of daily confirmed cases exceeded 100 and reached 80% of the total number of COVID-19 diagnosis; from February 20 to March 20); this then decreased to 0.7 per day during the stabilization and plateau phase (from the end of acceleration phase to May 15; Figure 1). Extracorporeal membrane oxygenation (ECMO) comprised 80% of the total requests on March 9 during the acceleration phase. The demand for continuous renal replacement therapy (CRRT) comprised 80% of claims on March 7, 2 days earlier than that for ECMO.
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FIGURE 1. Utilization of medical resources during the spread of COVID-19. (A) Cumulative number of procedures of medical equipment (mechanical ventilator, extracorporeal membrane oxygenation, and continuous renal replacement therapy). (B) Cumulative number of medical imaging. (C) Cumulative number of medications. Number of COVID-19 confirmed patients and COVID-19 related deaths are based on the entire patients (n = 10,801, as of May 4, 2020), and graph of medical resources based on the dataset of the medical claims submitted to the Health Insurance Review and Assessment Service (n = 7,590).


The number of imaging claims such as for chest computed tomography and chest X-ray reached 80% of the total claims after the acceleration phase (March 24 and March 21, respectively). Among the COVID-19 related medications, the use of lopinavir/ritonavir increased rapidly following the outbreak, and claims for it reached 80% of the total number of prescriptions during the acceleration phase (March 14). Claims for hydroxychloroquine reached 80% of the saturation point during the stabilization phase (March 23). In South Korea, the total number of claims for lopinavir/ritonavir was the highest (n = 4,696) compared to that for other medications.

Patients with confirmed COVID-19 were also classified into three (mild, severe, and critical) groups and we analyzed each group based on their demographic and medical characteristics (Tables 1, 2 and Supplementary Methods). Mortality rates were seen to increase with age, and among patients >80 years, 36% of men and 25% of women died from COVID-19. More than 8% of men over the age of 70 years were mechanically ventilated while 1.8% of men aged 60–69 years required ECMO. The use of ventilators and CRRT equipment was less common at all ages for women than for men.


Table 1. Demographic characteristics and use of medical equipment in COVID-19 patients by age groups.
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Table 2. Characteristics of COVID-19 patients according to disease severitya.
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Of the 7,363 patients who survived at the time of the analysis, 6,636 developed mild illness (no oxygen therapy or mechanical ventilators needed) whereas 680 developed severe conditions and were managed with oxygen therapy. A further 47 developed critical conditions, requiring mechanical ventilators or ECMO. Among the mild and severe cases, the incidence rate of COVID-19 was higher in women than in men (mild: 40 men, 69 women; moderate: 46 men, 54 women), and vice versa in critical cases (55 men, 45 women). The severity of COVID-19 also differed depending on the region where the inpatient care was administered (regardless of the area of incidence) and the patients' pre-existing medical conditions (Table 2).

It was found that men were more likely to have a fatal outcome or die than women [odds ratio for women (95% CI), 0.43 (0.33–0.57); Table 3], and patients with hypertension, diabetes, and psychiatric illnesses were also at higher risk than those without these pre-existing conditions [hypertension = 1.60 (1.14–2.24), diabetes = 1.55 (1.55–2.06), psychiatric diseases = 1.73 (1.25–2.39)]. Patients with a weighted Charlson Comorbidity Index (CCI) of 3–4 showed 2.8 times greater risk (95% CI: 2.76–5.97) of developing critical illness than patients with a CCI of 0, whereas a CCI exceeding 5 increased the risk by 3.8 times (3.82–8.15). Patients who were treated in the Daegu area, which experienced extremely high community transmission, had a 1.58-fold increased risk (1.20–2.09) of developing critical illness than those treated in other regions.


Table 3. Risk of severity in COVID-19 patients.
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DISCUSSION

During the COVID-19 pandemic in South Korea, the risk of receiving ECMO or mechanical ventilation in COVID-19 infection was approximately two times higher in men, and the risk increased by more than 1.5 times when patients suffered from chronic diseases such as hypertension or diabetes. A previous history of respiratory or cerebrovascular diseases did not affect the risk of developing critical conditions or causing death. These findings are consistent with recent reports that demonstrated the number of comorbidities (6), hypertension, and diabetes (7) to be associated with an increased risk for disease severity.

Although South Korea faced a shortage of intensive care unit (ICU) facilities after the outbreak in Daegu city (51 of 54 negative pressurized beds were occupied within 4 days after the first confirmed diagnosis in this region) (8), there were no disruptions in critical care treatment systems. This is because the number of ICU beds per 100,000 people is relatively high (28.5 per 100,000 population) among Organization for Economic Co-operation and Development (OECD) countries. Moreover, the government implemented measures to secure critical care units immediately after the COVID-19 outbreak (9).

Recent statistics show that the infection rate among healthcare workers in South Korea is relatively lower (0.4%) (8) than that in other countries, particularly the USA (Seattle) where 5.3% cases were recorded in front-line workers (10). This difference in the number of infections is likely attributable to a high rate (90.1%) of mild cases (~6,636 of 7,363 cases) of COVID-19 infections and hospitals implementing a stricter screening procedure at the initial stage of the outbreak (8).

This study had several limitations that need to be acknowledged. First, the established risk factors known to contribute toward the prognosis of COVID-19 infection, such as the current respiratory function and usage of immunosuppressants, were not investigated in this study. Given that the dataset of HIRA contained data on medical claims only, it was not possible to analyze the laboratory and biochemical measures for assessing the risk factors for disease severity. Second, each patient was classified into mutually exclusive groups of mild, severe, and critical; therefore, it was impossible to discern the recovery from severe or critical conditions and the worsening of disease severity. However, despite these limitations, our results might help clinicians identify high-risk groups for COVID-19 infection and predict medical resource requirements during the ongoing COVID-19 outbreak.
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Subgroup Severity of illnesses

Mild® Severe® Critical?
(N =6,636) (N =680) N =47)

Sex*

Men 2,637 (39.7) 311 (45.7) 26 (55.3)

Women 3,999 (60.3) 369 (64.3) 21 (44.7)
Admission type***

Transfer from 85(1.3) 25(3.7) 5(106)
other hospital

Emergency 302 (4.6) 9(1.3) 1@1)
medical service

Others 5828 (87.8) 644 (94.7) 41(87.2)
Region of inpatient care***

Daegu (outbreak 2,208 (34.6) 389 (67.2) 20 (42.6)
area)

Others 4,338 (65.4) 291 (42.8) 27 (57.4)
Current illnesses®™

Hypertension 1,352 (20.4) 381 (56.0) 30(63.8)

Diabetes 1,210(18.2) 314 (46.2) 23(48.9)

Ghronic 1,601 (24.1) 205 (30.1) 15(31.9)
pulmonary
diseases

Cerebrovascular 469 (7.1) 155 (22.8) 9(19.1)
disease

Psychiatric 2,033 (30.6) 379 (65.7) 24 (51.1)
diseases

Types of national health insurance*

Health 6,126 (92.9) 605 (89.0) 44 (93.6)
insurance

Medical care 510(7.7) 75(11.0) 3(6.4)

%Deaths from COVID-19 disease were not included.

bConfirmed patient who had never been administered neither mechanical ventilator
nor ECMO.

“Confimed patients who had been administered oxygen treatment.

9Confirmed patients who had been administered mechnical ventitor or ECMO.
*Duplicate diagnosis were allowed.

Numbers in parentheses denote percentages in each severity category.

*Chi-square analysis, p < 0.05.

“Chi-square analysis, p < 0.001.
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Odds ratio® 95% ClI P-value

Sex®
Men 1 (ref)
Women 0.43 0.33-057 <0.001
Age
20-39 0.14 0.05-0.41 <0.001
40-49 0.08 0.01-058 001
50-59 1(ref)
60-69 2550 1.53-4.11 <0.001
70-79 541 5.41-886 <0.001
>80 15.87 9.62-26.19 <0.001
Current illnesses®
Hypertension 1.60 1.14-2.24 <0.05
Diabetes. 155 1.56-2.06 <0.05
Chronic pulmonarydiseases 113 0.85-1.50 039
Cerebrovascular disease 0.87 0.64-1.18 037
Psychiatric diseases 1.73 1.26-2.39 <0.05
Charson comorbidity index®
Weighted CCI 0 1 (ref)
Weighted CCI 1-2 1.89 0.87-4.09 011
Weighted CCI 34 276 2.76-5.97 <0.05
Weighted CCl >=5 3.82 3.82-8.15 <0.05
Region of inpatient care®
Daegu (outbreak area) 1.58 1.20-2.09 <0.05

*Risk of critical condltion or death relative to mid or severe condliion.

bAdjusted for sex, age, hypertension, diabetes, pulmonary diseases, cerebrovascular
diseases, psychiatric diseases, and region of inpatient care.

¢Adjusted for sex, age, Charson comorbidity index, and region of inpatient care.
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Outcome Men (N =3,005) Women (N = 4,495)

Primary outcome: mortality 121/3,095 106/4,495
Death within 7 in-hospital days —no./total no. (%) 43/3,095 (1.4) 39/4,495 (0.9)
Death after 7 in-hospital days—no./total no. (%) 78/3,095 (2.5) 67/4,495 (1.5)

Primary outcome: mortaily by age groups—no./total no. (%)
~19 07226 (0) 0205 (0)
20-39 1/1,188 (0.1) 11,441 0.1)
40-49 1/331(0.3) 0/675 (0)
50-59 10/526 (1.9) 4/975 (0.4)
60-69 26/444 (5.9) 10/615 (1.6)
70-79 39/258 (15.1) 28/333(8.4)
>80 44/122 (36.1) 63/251 (25.1)

Secondary outcomes: in-hospital days by age groups [mean (SD)]

0-19 180 (9.9) 16.4(8.6)
20-39 17.8(95) 16.4(9.2)
40-49 17.9(11.3) 17.8(10.5)
50-59 17.6 (11.3) 19.9(112)
60-69 20.4 (11.6) 21.4(12.3)
70-79 199 (12.7) 208 (12.2)
>80 19.1 (12.2) 21.4(18.9)

Secondary outcomes: usage of mechanical ventiator by age groups—no./total no. (%)

0-19 01226 (0) 0205 (0)

20-39 /1,188 (0.9) 071,441 (0)
40-49 1/331(0.3) 0/675 (0)

50-59 8/526 (1.5) 10/975 (1.0)
60-69 30/444 6.8) 13/615 (2.1)
70-79 23/258 (8.9) 17/333 (6.1)
>80 10/122 (8.2) 15/251 (6.0)

Secondary outcomes: usage of CRRT by age groups—no./total no. (%)

0-19 01226 (0) 0205 (0)

20-39 01,188 (0) 01,441 (0)
40-49 2/331(0.6) 07675 (0)

50-59 2/526 (0.4) 3/975 (0.3)
60-69 7/444 (1.6) 1/615 (0.2)
70-79 3/258 (1.2) /333 (0.9)
>80 0/122 (0) 5/251 (2.0)

Secondary outcomes: usage of ECMO by age groups—no./total no. (%)

0-19 07226 (0) 0205 (0)
20-39 01,188 (0) 01,441 (0)
40-49 1/331(0.8) 0/675 (0)
50-59 1/526 (0.2) 3/975 (0.3)
60-69 8/444.(1.8) 1/615 (0.2)
70-79 0/258 (0) 3/333 (0.9)

>80 1122(0.8) 5/251(2.0)
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