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ABSTRACT

Background: Some coronavirus disease 2019 (COVID-19) patients initially present with early 
oxygen demand, requiring more medical resources, and some develop severe conditions, 
while others worsen later in their clinical course. Whether the nature of the two groups is the 
same but in the spectrum of different diagnostic time points is not certain.
Methods: Hospitalized COVID-19 patients who needed oxygen therapy from February to 
November 2020 were included in the study. The patients were divided into early and late 
groups based on the time when the oxygen requirement occurred. Basic and epidemiologic 
characteristics were compared. Clinical variables were analyzed in both groups.
Results: A total of 164 patients needed oxygen therapy, 94 of whom were in the early group 
and 70 of whom were in the late group. The early and late groups had similar baseline 
characteristics except age (median age, 73 vs. 67 years), uncertain exposure history (50% 
vs. 31.4%) and the time from the onset of illness to admission (median, 5 vs. 2 days). 
Multivariate analysis showed that age > 65 years (OR, 4.65), symptom onset > 5 days (OR, 
9.13) and several clinical manifestations, such as febrile sensation (OR, 6.01), dyspnea (OR, 
30.0), C-reactive protein > 1 mg/dL (OR, 7.87) and chest X-ray abnormality (OR, 8.15), were 
predictive factors in the early group. The early group required more intensive care such as 
mechanical ventilation care, extracorporeal membrane oxygenation and death (29.8% vs. 
14.3%, P = 0.002).
Conclusion: Older age, especially > 65 years, and a delay of over 5 days from the onset of 
illness to admission were associated with early oxygen demand in COVID-19 patients. 
Interventions for earlier diagnosis of elderly people may benefit clinical outcomes.
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INTRODUCTION

Since December 2019, the novel severe acute respiratory syndrome-coronavirus-2 (SARS-
CoV-2) that causes coronavirus disease 2019 (COVID-19)1 has led to a worldwide pandemic.2 
The pandemic has resulted in substantial morbidity and mortality, threatening the collapse 
of medical systems. The clinical course of COVID-19 varies from asymptomatic to severe or 
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critical. Most patients have mild to moderate disease (81%), but 14% have severe disease and 
5% have critical disease.3-5 Patients with mild to moderate COVID-19 can be managed well in 
community-treatment centers (CTCs),6,7 but patients with severe COVID-19 require treatment 
at hospital settings to receive various managements, including oxygen supplementation.

Therefore, it is important to recognize severe COVID-19 in a timely manner when medical 
resources are insufficient. One of the most important things in the management of severe 
COVID-19 is supplemental oxygenation therapy.8 Some patients need oxygen therapy 
in the early stages of hospitalization, while others need oxygen therapy in the late stage 
of hospitalization. Many previous studies have identified several risk factors for severe 
COVID-19, such as old age, obesity, diabetes and hypertension.9-12 However, the differences 
underlying an early oxygen requirement and late oxygen requirement in COVID-19 are still 
unknown, and there are still difficulties in managing patients who progress early during 
hospitalization. The purpose of this study was to investigate whether there are differences 
in the epidemiologic and clinical characteristics of COVID-19 patients with an early oxygen 
requirement and those with a late oxygen requirement.

METHODS

Patients, study design and data collection
This retrospective, single-center study was conducted on patients aged ≥ 18 years old with 
confirmed SARS-CoV-2 infection admitted to Boramae Medical Center in Seoul, South 
Korea, and who were finally discharged from February to November 2020. Patients who were 
admitted directly from the community were included, and those who were referred by CTCs 
or other hospitals were excluded. Patients with COVID-19 were defined as having a positive 
real-time reverse transcription polymerase chain reaction (rRT-PCR) test result targeting the 
E gene and RdRP gene of SARS-CoV-2 according to the definition of the Korea Centers for 
Disease Control and Prevention (KCDC).13

The requirement for supplementary oxygen therapy among the COVID-19 patients was 
classified as ‘early’ versus ‘late’ according to the temporal urgency after hospital admission. 
Oxygen requirement was defined as continuous oxygen demand for more than 24 consecutive 
hours. The early group was defined as cases that needed oxygen therapy within 3 days of 
hospitalization, and the late group was defined as cases that needed oxygen therapy after > 
3 days. The ‘3 days’ was arbitrarily set up in this study considering the usual working time 
required for the initial evaluation. The baseline demographic and epidemiologic characteristics 
were compared to assess the homogeneity of the two groups. Clinical course and outcome 
were also compared. Outcomes were defined as the maximum level of oxygen supplementation 
during the entire hospitalization period, and death was defined as a case of death during 
hospitalization, regardless of the level of oxygen supplementation. We retrospectively collected 
epidemiologic, clinical and laboratory variables and underlying comorbidities using electronic 
medical records. However, the epidemiologic data were based on the individual formal official 
report made by the KCDC. For the initial clinical variables, the worst values during the first 
24 hours after hospitalization were selected. Febrile sensation was subjectively expressed by 
patients, and objective fever was defined as an axillary temperature of 37.5°C or higher. As of 
November 2020, the Korean government instituted a policy requiring all COVID-19 patients 
to be admitted at either a CTC or hospital for isolation and clinical care immediately after the 
confirmation of their COVID-19 diagnosis.
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Statistical analysis
Continuous variables were presented as the mean ± standard deviation or the median with 
the range. Categorical variables were presented as counts and percentages. Univariate 
analysis was performed to compare the early and late groups using Student's t-test or a 
Mann-Whitney test and a chi-square test or Fisher's exact test, depending on the type of 
variables. Multivariable logistic regression was performed to determine the risk factors for 
the early group using variables with P < 0.1 in the univariate analysis. Age group analysis was 
categorized in 10-years intervals, and then further sub-categorized by 5-years interval to find 
out the risky age group. A P < 0.05 was considered statistically significant. Statistical analyses 
were performed using IBM SPSS Statistics, version 26.0 (IBM Corp., Armonk, NY, USA).

Ethics statement
This study was approved by the Institutional Review Board at Boramae Medical Center (10-
2020-33), and informed consent was waived by the Institutional Review Board because of the 
retrospective nature of the study. This study was in compliance with the Helsinki Declaration.

RESULTS

During the study period, 174 COVID-19 patients who required oxygen therapy after admission 
were screened. A total of 164 patients were finally included in this study, excluding 10 
patients who were referred by CTCs or other hospitals. Among them, 94 patients needed 
supplemental oxygen therapy within 3 days of hospitalization (the early group), and the other 
70 patients needed supplemental oxygen therapy after 3 days (the late group) (Table 1). The 
two groups showed similar demographic baselines except for older age in the early group 
(median 73 vs. 67 years, P = 0.002).

Epidemiologically, the early group had a more uncertain exposure history, and the late 
group had a more definite exposure history, such as direct contact with confirmed patients 
or association with large-scale outbreaks (50% vs. 68.6%, P = 0.017). The duration from the 
onset of symptoms to hospitalization was significantly longer in the early group (median 5 
days vs. 2 days, P < 0.001). The median duration from diagnosis to hospitalization was 0 days 
in both groups, indicating that most patients were hospitalized immediately after diagnosis. 
The median duration from onset of symptoms to initial oxygen requirement was 6 and 8 days 
(P < 0.001) in the early and late groups, respectively. With regard to the clinical variables at 
admission, the early group showed more febrile sensation (64.9% vs. 42.9%, P = 0.005), 
general weakness (14.9% vs. 4.3%, P = 0.037) and dyspnea (38.3% vs. 1.4%, P < 0.001), and 
the late group was more asymptomatic (2.1% vs. 20%, P < 0.001). The laboratory findings 
showed that leukocytosis and an elevation of aspartate transaminase, lactate dehydrogenase 
and C-reactive protein (CRP) were more prominent in the early group. Lung infiltration was 
present in 96.8% of the early group and in 64.3% of the late group (P < 0.001) (Table 1).

Multivariate analysis showed that older age, especially > 65 years (odds ratio [OR], 4.65), and 
symptoms for more than 5 days at admission (OR, 9.13) were significant predictors in the early 
group, and febrile sensation (OR, 6.01), dyspnea (OR, 30.0), increased CRP > 1 mg/dL (OR, 
7.87) and chest X-ray abnormality (OR, 8.15) were more prominent in the early group (Table 2). 
Critical outcomes, such as mechanical ventilation care, extracorporeal membrane oxygenation 
and death, were higher in the early group (29.8% vs. 14.3%, P = 0.002), especially in the group 
over 65 years of age. Regarding the treatment options, the use of dexamethasone was higher in 
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Table 1. Baseline characteristics of coronavirus disease 2019 patients and laboratory findings at admission
Variables Early group (n = 94) Late group (n = 70) P value
Age, yr (median, range) 73 (34–96) 67 (29–88) 0.002
Age intervals, yr

≤ 40 2 (2.1) 4 (5.7)
41–50 3 (3.2) 7 (10.0)
51–60 9 (9.6) 11 (15.7)
61–70 27 (28.7) 23 (32.9)
71–80 29 (30.9) 14 (20.0)
81–90 19 (20.2) 11 (15.7)
> 91 5 (5.3) 0

Sex, male 38 (40.4) 33 (47.1) 0.390
BMI (mean ± SD) 23.6 ± 4.0 24.5 ± 3.7 0.159
Exposure history 0.017

Uncertain exposure history 47 (50.0) 22 (31.4)
Definite exposure history 47 (50.0) 48 (68.6)

Current smoker 5 (5.3) 3 (4.3) 1.000
Comorbidities

Hypertension 53 (56.4) 37 (52.9) 0.654
Diabetes mellitus 29 (30.9) 25 (35.7) 0.512
Cardiovascular disease 12 (12.8) 3 (4.3) 0.098
Cerebrovascular disease 9 (0.506) 9 (12.9) 0.506
COPD/asthma 2 (2.2) 2 (2.9) 1.000
Chronic liver disease 2 (2.1) 3 (4.3) 0.652
Solid cancer 6 (6.4) 6 (8.6) 0.595
Solid organ transplantation 0 1 (1.4) 0.427
Hematologic disease 1 (1.1) 3 (4.3) 0.314
Chronic kidney disease 7 (7.4) 4 (5.7) 0.760
Dementia 13 (13.8) 5 (7.1) 0.175
None 18 (19.1) 15 (21.4) 0.719

Major symptoms and signs
Fever, ≥ 37.5°C 68 (72.3) 49 (70.0) 0.743
Febrile sensation 61 (64.9) 30 (42.9) 0.005
Chilling 31 (33.0) 14 (20.0) 0.065
General weakness 14 (14.9) 3 (4.3) 0.037
Myalgia 28 (29.8) 18 (25.7) 0.566
Headache 14 (14.9) 15 (21.4) 0.278
Cough 56 (59.6) 34 (48.6) 0.161
Sputum 36 (38.3) 17 (24.3) 0.058
Sore throat 13 (13.8) 16 (22.9) 0.134
Dyspnea 36 (38.3) 1 (1.4) < 0.001
Chest discomfort 6 (6.4) 6 (8.6) 0.595
Nausea/vomiting 5 (5.3) 7 (10.0) 0.255
Abdominal discomfort 2 (2.1) 3 (4.3) 0.652
Diarrhea 7 (7.4) 8 (11.4) 0.382
None 2 (2.1) 14 (20.0) < 0.001

Laboratory finding
Leukocytosis (WBC > 10,000/mm3) 11 (11.7) 1 (1.4) 0.014
Thrombocytopenia (PLT < 130,000/mm3) 23 (24.5) 18 (25.7) 0.855
Elevated AST (> 40 IU/L) 48 (51.1) 20 (28.6) 0.004
Elevated ALT (> 40 IU/L) 17 (18.1) 14 (20.0) 0.757
Elevated LDH (> 300 U/L) 63 (70.8) 15 (21.7) < 0.001
Elevated CRP (> 1 mg/dL) 92 (97.9) 39 (55.7) < 0.001
Elevated procalcitonin (> 0.5 ng/mL) 10 (12.0) 2 (3.0) 0.067

Chest X-ray abnormality 91 (96.8) 45 (64.3) < 0.001
SOFA score (median, range) 2 (0–8) 1 (0–5) < 0.001
Duration, days (median, range)

Onset of illness to admission 5 (0–16) 2 (−5–14)a < 0.001
Diagnosis to admission 0 (0–3) 0 (0–2) 0.271

Data are presented as number (%), unless otherwise indicated.
BMI = body mass index, SD = standard deviation, COPD = chronic obstructive pulmonary disease, WBC = white blood cells, PLT = platelets, AST = aspartate 
transaminase, ALT = alanine transaminase, LDH = lactate dehydrogenase, CRP = C-reactive protein, SOFA score = Sequential Organ Failure Assessment score.
aMinus (−) means that the onset of illness was after the admission.



the early group (71.3% vs. 55.7%, P = 0.039), and remdesivir tended to be used more in the early 
group (59.6% vs. 44.3%, P = 0.052). In-hospital mortality was also higher in the early group, but 
the difference was not statistically significant (Table 3).

DISCUSSION

As of February 2021, South Korea has maintained a strategy of prompt tracking, mass 
diagnosis and early isolation for most COVID-19 patients. Under these circumstances, most 
patients are admitted to CTCs6 or hospitals without delay, and clinicians have found that 
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Table 2. Risk factors for the early group determined by multivariate analysis
Variables OR 95% CI P value
Age, > 65 yr 4.64 1.22–17.55 0.024
Uncertain exposure history 2.70 0.73–9.94 0.133
Cardiovascular disease 9.14 0.63–130.82 0.103
Febrile sensation 6.01 1.65–21.82 0.006
Chilling 0.85 0.21–3.45 0.827
General weakness 8.73 0.86–87.79 0.066
Sputum 1.12 0.30–4.16 0.863
Dyspnea 29.98 2.55–352.66 0.007
Leukocytosis 0.20 0.00–5.73 0.349
Elevated AST 3.04 0.83–11.13 0.092
Elevated LDH 2.93 0.85–10.02 0.086
Elevated CRP 7.86 1.37–45.09 0.021
Elevated procalcitonin 9.60 0.56–163.92 0.118
Chest X-ray abnormality 8.15 1.16–56.99 0.035
Symptom onset > 5 days 9.12 1.58–52.38 0.013
OR = odds ratio, CI = confidence interval, AST = aspartate transaminase, LDH = lactate dehydrogenase, CRP = 
C-reactive protein.

Table 3. Clinical outcomes between the early group and the late group

Variables Early group (n = 94) Late group (n = 70) P value
Duration, days (range)

Admission to oxygen requirement 0 (0–2) 6 (3–13) < 0.001
Onset of illness to oxygen requirement 6 (0–18) 8 (0–20) < 0.001

Specific treatments
Remdesivir 56 (59.6) 31 (44.3) 0.052
Dexamethasone 67 (71.3) 39 (55.7) 0.039
Ritonavir/lopinavir 6 (6.4) 11 (15.7) 0.052
Hydroxychloroquine 1 (1.1) 0 1.000

Clinical outcomes
Nasal prong 43 (45.7) 52 (74.3) -
High flow 23 (24.5) 8 (11.4) -
Intubation 19 (20.2) 7 (10.0) -
ECMO 1 (1.1) 2 (2.9) -
Death 8 (8.5) 1 (1.4) -

Critical outcomes  
(mechanical ventilation care, ECMO and death)

All ages 28 (29.8) 10 (14.3) 0.020
≤ 65 years 2/24 (8.3) 3/32 (9.4) 1.000
> 65 years 26/70 (37.1) 7/38 (18.4) 0.044

In-hospital mortality
All ages 8 (8.5) 1 (1.4) 0.080
≤ 65 years 0/24 0/32 -
> 65 years 8/70 (11.4) 1/38 (2.6) 0.156

Data are presented as number (%), unless otherwise indicated.
ECMO = extracorporeal membrane oxygenation.



some patients become aggravated just after admission, requiring supplemental oxygen 
therapy, and others go through the usual clinical course of COVID-19.3,14 In this study, the 
two groups had similar baseline characteristics except older age and delayed diagnosis 
combined with delayed admission in the early group. Other factors, such as febrile sensation, 
dyspnea, increased CRP and chest X-ray abnormality, were associated with this group, 
indicating a characteristic of severe inflammation in this group. Moreover, the early group 
had worse critical clinical outcomes. Timely diagnosis seems to be crucial in older people.

The strategy of rapid tracking and mass diagnostic approaches not only prevents subsequent 
infections but also enables COVID-19 patients to be admitted quickly for standard care.15 The 
patients with a definite exposure history tended to be diagnosed earlier, and their oxygen 
requirements were delayed. On the other hand, the early group tended to have an uncertain 
exposure history and was therefore not included in the active scope of tracking and diagnosis, 
which resulted in delayed diagnosis. There is doubt that early supportive care is beneficial 
in the absence of sufficiently effective specific therapeutics against COVID-19. However, our 
results showed that the duration from onset of illness to oxygen requirement was shorter 
in the early group, which suggests that early best supportive medical care is beneficial. 
During the study period, antibody therapy was not available, and due to the shortage, the 
government allowed remdesivir for patients only after the occurrence of oxygen demand. We 
do not use steroids in the early phase. Thus, specific therapeutics might not play a role in the 
improvement before the initiation of oxygen therapy. With the oxygen therapy the antiviral or 
anti-inflammatory treatments were more common in the early group, which might be related 
to the severer clinical status of the group. Clinical outcomes were also poorer, and in-hospital 
mortality tended to be increased in the early group.

The strategy of mass tracking and hospitalization of every case requires considerable 
resources, and sustainability is a continuous issue to overcome. Not every country can afford 
this approach. Thus, a focused approach to target older people and to provide selective 
tracking, diagnostic testing and timely medical care may be a reasonable option. In view of 
the relatively mild nature of COVID-19 in young people, this strategy may not be harmful. Our 
results provide positive evidence supporting a targeted approach for certain at-risk groups. 
Other factors may play a role in the individual differences in immune responses or immunity 
to COVID-19.

Our study has some limitations. First, it was a retrospective single-center study, and the 
number of subjects was relatively small. There were some patients with dementia from 
outbreaks in nursing homes who could not present their symptoms. Second, there might be 
some bias in selection of subjects because patients referred from CTCs or other hospitals 
were excluded. However, this study center is a public hospital where most patients are 
admitted without specific limitations. Third, other factors, such as individual differences 
in immune responses or age-related immunity to COVID-19, might have played a role. 
Basic research combined with clinical analysis may better explain the different severities of 
COVID-19.

In conclusion, our study showed that older age, especially >65 years, and a delay of over 5 days 
from the onset of illness to admission, are associated with early oxygen demand in COVID-19 
patients. Interventions for earlier diagnosis of elderly people may lead to a better clinical 
outcome. A focused strategy of mass tracking and isolation may deserve attention in the later 
stage of the COVID-19 pandemic.
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