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ABSTRACT
Introduction: Many clinical studies have identified significant predictors or risk factors
for the severity or mortality of coronavirus disease 2019 (COVID-19) cases. However, there
are very limited reports on the risk factors for requiring oxygen therapy during
hospitalization. In particular, we sought to investigate whether plasma glucose and HbA1c
levels could be risk factors for oxygen therapy requirement.
Materials and Methods: A single-center, retrospective study was conducted of 131
COVID-19 patients hospitalized at Saitama Medical University Hospital between March
2020 and November 2020. To identify the risk factors for oxygen therapy requirement
during hospitalization, a stepwise multivariate binary logistic regression analysis was
performed using several clinical parameters commonly obtained on admission, including
plasma glucose and HbA1c levels.
Results: Of the 131 patients with COVID-19, 33.6% (44/131) received oxygen therapy
during hospitalization. According to the logistic regression analysis, male sex (odds ratio
[OR]: 8.76, 95% confidence interval [CI]: 1.65–46.5, P < 0.05), age (OR: 1.07, 95% CI: 1.02–
1.12, P < 0.01), HbA1c levels (OR: 1.94, 95% CI: 1.09–3.44, P < 0.05), and serum C-reactive
protein (CRP) levels (OR: 2.22, 95% CI: 1.54–3.20, P < 0.01) emerged as independent
variables associated with oxygen therapy requirement during hospitalization.
Conclusions: In addition to male sex, age, and serum CRP levels, HbA1c levels on
admission may serve as a risk factor for oxygen therapy requirement during the clinical
course of COVID-19, irrespective of diabetes history and status. This may contribute to the
efficient delegation of limited numbers of hospital beds to patients at risk for oxygen
therapy requirement.

INTRODUCTION
Coronavirus disease 2019 (COVID-19) is now widespread glob-
ally. Although Japan has had significantly fewer COVID-19
cases compared with Western countries, COVID-19 patients
have created a serious burden on the medical system through-
out the past year, especially during the emergency period.
Because the number of hospital beds dedicated to COVID-19

patients is limited, it is very important to make efficient use of
available beds for patients in need of hospitalization therapy.
Many clinical studies and meta-analyses have identified sig-

nificant predictors or risk factors for the severity or mortality
of COVID-19, including age, male sex, obesity, white blood cell
(WBC) count, and serum levels of C-reactive protein (CRP)
and D-dimer1–4. In addition, diabetes-related parameters,
including fasting plasma glucose and glycated hemoglobin
(HbA1c) levels, and comorbidities including hypertension,
respiratory diseases, chronic heart disease, liver disease,Received 18 August 2021; revised 17 December 2021; accepted 26 December 2021
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cardiovascular disease, and stroke, are also helpful in predicting
the severity and mortality of COVID-194–8. However, these
parameters are absolutely associated with the severity of
COVID-19, that is, the risk of ICU admission or death as the
study outcome. Thus, they are unhelpful in predicting the need
for hospitalization for COVID-19, irrespective of the severity
and mortality of the disease.
Therefore, the present study focused on identifying the risk

factors for requiring oxygen therapy, a treatment that usually
requires hospitalization, during the course of COVID-19 treat-
ment. We reasoned that identifying the risk factors early in the
disease process, especially using simple clinical parameters (age,
sex, and body mass index [BMI]) and common laboratory data
collected on admission, could help in the efficient delegation of
available beds by preferentially assigning them to patients at
risk for oxygen therapy requirement, providing the best care to
these patients with minimal burden on the medical system.
Simultaneously, patients with mild COVID-19, who are not
expected to require oxygen therapy, could be treated in isola-
tion at home or in hotels. However, given the fact that there
have been some fatal cases due to COVID-19 aggravation dur-
ing recuperation at home or hotels in individuals who were ini-
tially diagnosed with mild COVID-19, care should be taken to
identify patients requiring early hospitalization who are at high
risk for COVID-19.
To the best of our knowledge, there are very limited reports

regarding the risk factors of oxygen therapy requirement in the
COVID-19 disease process9–11. Among these reports, no studies
have employed multivariate logistic regression analysis using
plasma glucose and HbA1c levels measured on admission as
independent variables. HbA1c is usually measured only in
patients suspected of having diabetes mellitus and is not rou-
tinely measured in every patient, possibly leading to a lack of
HbA1c data on admission. Given that diabetes mellitus is
reportedly associated with increased severity and mortality in
patients with COVID-19-associated pneumonia5,12–15, we felt a
deep need to clarify the association between these diabetes-
related parameters and oxygen therapy requirement. Thus, this
study aimed to determine the clinical risk factors for oxygen
therapy requirement during hospitalization in patients with
COVID-19, with an emphasis on clinical data collected on
admission through routine laboratory tests, including plasma
glucose and HbA1c levels.

MATERIALS AND METHODS
Research design and patients
This was a single-center retrospective study design. We retro-
spectively identified 176 consecutive patients hospitalized for
COVID-19 treatment at Saitama Medical University Hospital,
Saitama Prefecture, Japan, between March 2020 and November
2020. COVID-19 was diagnosed during hospitalization based
on the positive identification of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) in nasopharyngeal swab
specimens tested by real-time polymerase chain reaction (RT-

PCR) assay. We obtained patient information and demographic
characteristics of these patients, including sex, age, BMI, and
laboratory data including WBC count, lymphocyte count,
hemoglobin (Hb), platelet count, ad-lib plasma glucose levels,
HbA1c, D-dimer, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), lactate dehydrogenase (LDH), albumin,
CRP, and creatine phosphokinase (CPK), and estimated glo-
merular filtration rate (eGFR) from medical records. In addi-
tion, information on the presence or absence of abnormalities
on chest computed tomography (CT) findings was obtained
from the medical records on admission. If the chest CT scan
was not performed, information on the presence or absence of
abnormalities on chest x-ray findings was alternatively obtained
on admission. All blood samples were collected on admission
and analyzed using standard methods in the hospital
laboratory. Additionally, we obtained information on the pres-
ence/absence of diabetes mellitus or hypertension as a comor-
bidity of interest. Hypertension and diabetes mellitus were
defined according to the presence of antihypertensive and anti-
diabetic agents at baseline, respectively, or according to medical
records. Furthermore, patients without a history of diabetes
mellitus with HbA1c ≥ 6.5% in combination with fasting
plasma glucose level ≥126 mg/dL and/or ad-lib plasma glucose
≥200 mg/dL on admission were also defined as having diabetes
mellitus. Of these patients, those aged <18 years (n = 4),
those receiving dialysis (n = 6), and those with missing data
(n = 35) were excluded. Thus, we identified and analyzed 131
patients with COVID-19 (Figure 1).

Indication for starting oxygen therapy
Based on recommendations from the Surviving Sepsis Cam-
paign guidelines for COVID-1916, we initiated oxygen therapy
for any COVID-19 patient with a percutaneous oxygen satura-
tion (SpO2) level below 92%, even if they showed no physical
signs of low oxygen levels.

Statistical analysis
We confirmed that all continuous variables, excluding Hb, were
not normally distributed using the Shapiro–Wilk test. Thus, all
continuous variables are presented as medians (minimum–max-
imum). Comparisons of median values and proportions
between the two groups were performed using the Mann–
Whitney U-test and chi-square test, respectively. Univariate
logistic regression analysis was performed with the presence/
absence of oxygen therapy as a dependent variable and the var-
iables listed in Table 1 as independent variables. Subsequently,
stepwise multivariate binary logistic regression analysis was per-
formed with the presence/absence of oxygen therapy as a
dependent variable and the selected independent variables with
a P-value of <0.25 in the univariate logistic regression analysis.
The cut-off P-value of 0.25 is supported by the literature17,18.
Data are expressed as odds ratios (ORs) and 95% confidence
intervals (CIs). However, the presence/absence of diabetes melli-
tus was excluded from the multivariate logistic regression
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analysis to clarify the influence of plasma glucose and HbA1C
levels on the requirement for oxygen therapy irrespective of
diabetes history and status. Receiver operating characteristic
(ROC) curve analysis was used to evaluate the accuracy of the
obtained multivariate binary logistic regression model, using the
predicted probability from the logistic regression. In addition,
the optimal cut-off value of HbA1c level associated with requir-
ing oxygen therapy was determined by the highest Youden
index (sensitivity + specificity – 1) in ROC curve analysis19. An
ROC curve is a plot of the true positive rate (sensitivity) on the
y-axis against the false-positive rate (1-specificity) on the x-axis
for all possible cut-off values20. Each point on the ROC curve
represents a different cut-off value, and the ROC curve can be
constructed by connecting all cut-off points. Statistical signifi-
cance was defined as P < 0.05. Statistical analyses were per-
formed using BellCurve for Excel version 3.21 (Social Survey
Research Information Co., Ltd, Tokyo, Japan) and SPSS (ver-
sion 23.0; SPSS Inc., Chicago, IL, USA).

RESULTS
Characteristics of hospitalized patients with COVID-19
The baseline clinical characteristics of the patients on admission
are presented in Table 1. A total of 76 men and 55 women,
aged 51 (18–95) years, were included in the study. Regarding
comorbidity, 23.7% (31/131) and 18.3% (24/131) of the patients
were identified as having hypertension and diabetes mellitus,
respectively. We identified 12 patients who were newly diag-
nosed with type 2 diabetes. All cases of diabetes mellitus were
classified as type 2. Of the 131 patients, 33.6% (44/131) received

oxygen therapy due to hypoxia associated with COVID-19-
related lung involvement during hospitalization. Among them,
nine patients subsequently received mechanical ventilation, and
three patients ultimately died.
When the patients were divided into two groups according

to the presence or absence of oxygen therapy during hospitali-
zation (n = 44 and 87, respectively), the proportion of males
was significantly higher in the group that received oxygen ther-
apy than in the group that did not receive oxygen therapy
(72.7% vs 50.6%, P < 0.05). In addition, the median age was
significantly higher in the group that received oxygen therapy
than in those who did not (67 vs 34 years, P < 0.01). There
was no significant difference in BMI between the two groups.
All laboratory data examined, excluding Hb levels, were signifi-
cantly different between the groups that received and did not
receive oxygen therapy. The proportion of abnormalities in the
chest imaging findings (patients who underwent chest CT scan,
n = 128; patients who underwent chest radiography but not
chest CT scan, n = 3) was significantly higher in the group that
received oxygen therapy than in the group that did not (90.9%
vs 48.3%, P < 0.01). With regard to comorbidity, the propor-
tions of hypertension and diabetes mellitus (type 2 diabetes)
were significantly higher in the group that received oxygen
therapy than in those who did not (Table 1). As for the timing
of initiation of oxygen therapy, patients who received oxygen
therapy (n = 44) consisted of 31 individuals who initiated oxy-
gen therapy on the day of admission, e.g., hospital day 0, and
13 individuals who initiated oxygen therapy 1 day or more fol-
lowing admission, e.g., hospital day ≥1. The median

Patients consecutively hospitalized for treatment of
COVID-19 at Saitama Medical University Hospital

between March 2020 and November 2020.
(n = 176)

Patients who received 
oxygen therapy 

during hospitalization
(n = 44)

Excluded patients (n = 45)
• 
• Patients receiving dialysis (n = 6)
• Patients with missing data (n = 35)

Eligible patients diagnosed with COVID-19
(n = 131)

Patients who did not receive 
oxygen therapy

during hospitalization
(n = 87)

Patients aged <18 years (n = 4)

Figure 1 | Patient characteristics. COVID-19, coronavirus disease 2019.
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(minimum–maximum) hospital day on which oxygen therapy
was initiated was day 4 (days 1–9).

Relationship between oxygen therapy requirement and
baseline clinical characteristics in patients with COVID-19
We evaluated the association between oxygen therapy require-
ment and baseline clinical parameters using univariate logistic
regression analysis (Table 2). Consequently, we identified all
independent variables, excluding BMI, Hb, platelet count, and
CPK levels, as potential predictors of oxygen therapy require-
ment (P < 0.05). Subsequently, all independent variables
(P < 0.25) in the univariate logistic regression analyses (i.e.,
male sex, age, WBC count, lymphocyte count, Hb, D-dimer,
plasma glucose, HbA1c, AST, ALT, LDH, albumin, eGFR,
CPK, CRP, presence or absence of abnormal chest imaging
findings, and presence or absence of hypertension), excluding
the presence or absence of diabetes mellitus, were included in

the stepwise multivariate binary logistic regression analysis.
Finally, male sex (OR: 8.76, 95% CI: 1.65–46.5, P < 0.05), age
(OR: 1.07, 95% CI: 1.02–1.12, P < 0.01), HbA1c levels (OR:
1.94, 95% CI: 1.09–3.44, P < 0.05), and serum CRP levels (OR:
2.22; 95% CI: 1.54–3.20, P < 0.01) emerged as independent var-
iables associated with oxygen therapy requirement during hos-
pitalization (Table 2). The percentage of correctly predicted
values for oxygen therapy requirement based on the full model
of multivariate binary logistic regression using the four selected
significant predictors was 91.6%. Moreover, the ROC analysis
based on the predicted probability obtained from the multivari-
ate logistic regression for oxygen therapy requirement demon-
strated that the area under the ROC curve (AUC) was 0.962
(95% CI: 0.927–0.997, P < 0.001) (Figure 2). In addition, the
optimal cut-off value of HbA1c level for oxygen therapy
requirement was 5.9% (sensitivity, 0.682; specificity, 0.885)
(Figure 3).

Table 1 | Baseline clinical characteristics of the patients with COVID-19

All patients
(n = 131)

Patients who
received oxygen
therapy (n = 44)

Patients who
did not receive
oxygen therapy
(n = 87)

P-value
(Patients who
received vs who
did not receive
oxygen therapy)

Demographic characteristics
Male/Female

(Male, %)
76/55
(58.0)

32/12
(72.7)

44/43
(50.6)

<0.05*

Age (years) 51 (18–95) 67 (27–95) 34 (18–83) <0.01**
BMI (kg/m2) 22.6 (15.6–40.7) 23.15 (16.2–35.6) 22.1 (15.6–40.7) N.S.**

Laboratory data
White blood cell (9103/lL) 5.07 (2.14–16.75) 5.68 (2.14–16.75) 4.98 (2.25–11.35) <0.05**
Lymphocyte (9103/lL) 1.28 (2.01–9.13) 0.91 (2.01–9.13) 1.46 (3.00–3.77) <0.01**
Hemoglobin (g/dL) 14.3 (9.5–19.5) 13.75 (10.5–17.3) 14.5 (9.5–19.5) N.S.**
Platelet (9103/lL) 199 (68–510) 159.5 (77–510) 209 (68–374) <0.01**
D-dimer (lg/mL) 0.67 (0.50–58.8) 1.28 (0.51–58.82) 0.59 (0.50–2.83) <0.01**
Plasma glucose (mg/dL) 108 (73–396) 129.5 (80–390) 101 (73–396) <0.01**
HbA1c (%) 5.6 (3.5–11.3) 6.15 (4.9–10.9) 5.40 (3.50–11.3) <0.01**
AST (U/L) 26 (10–177) 33.5 (10–132) 23 (11–177) <0.01**
ALT (U/L) 22 (6–169) 28.5 (9–169) 19 (6–121) <0.01**
LDH (U/L) 220 (118–764) 301.5 (171–764) 203 (118–448) <0.01**
Albumin (g/dL) 4.1 (2.0–5.1) 3.3 (2.0–4.4) 4.3 (2.9–5.1) <0.01**
eGFR (mL/min/1.73 m2) 85.4 (31.4–194.8) 70.8 (31.4–158.9) 89.5 (47.2–194.8) <0.01**
CPK (U/L) 79 (9–3,182) 105 (9–3,182) 73 (19–2,659) <0.05**
CRP (mg/dL) 0.59 (0.10–21.79) 4.915 (0.10–21.79) 0.21 (0.10–5.26) <0.01**

Chest imaging
Abnormal findings (yes/no)

(Abnormalities, %)
82/49
(62.6)

40/4
(90.9)

42/45
(48.3)

<0.01*

Comorbidity
Hypertension (yes/no)

(Hypertension, %)
31/100
(23.7)

19/25
(43.2)

12/75
(13.8)

<0.01*

Diabetes (yes/no)
(Diabetes, %)

24/107
(18.3)

20/24
(45.5)

4/83
(4.6)

<0.01*

Data of continuous variables are presented as the median (minimum–maximum). *Chi-square test. **Mann–Whitney U-test. AST, aspartate amino-
transferase; ALT, alanine aminotransferase; BMI, body mass index; COVID-19, coronavirus disease 2019; CPK, creatine phosphokinase; CRP, C-reactive
protein; eGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin; LDH, lactate dehydrogenase.

912 J Diabetes Investig Vol. 13 No. 5 May 2022 ª 2021 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

O R I G I N A L A R T I C L E

Yanagisawa et al. http://wileyonlinelibrary.com/journal/jdi



Meanwhile, when the presence/absence of diabetes mellitus
was included as an independent factor in the logistic regression
analysis, male sex (OR: 6.388, 95% CI: 1.234–33.068,
P = 0.027), age (OR, 1.074; 95% CI, 1.025–1.127; P = 0.003),
serum CRP levels (OR, 2.196; 95% CI, 1.507–3.201; P < 0.001),
and diabetes mellitus status (OR, 14.474; 95% CI, 2.218–94.468;
P = 0.005), but not plasma glucose and HbA1c levels, emerged

as risk factors for oxygen therapy requirement during
hospitalization.

DISCUSSION
To the best of our knowledge, only a few studies have focused
on the risk factors of oxygen therapy requirement during the
clinical course of COVID-19. Lee et al.11 demonstrated that

Table 2 | Results of binary logistic regression analyses of potential risk factor for oxygen therapy in patients with COVID-19

Univariate logistic regression Multivariate logistic regression†

Wald v2 P OR (95% CI) Wald v2 P OR (95% CI)

Male (vs female) 5.714 0.017 2.606 (1.188–5.716)
6.506

0.011 8.764 (1.653–46.464)

Age 31.797 <0.001 1.084 (1.054–1.115)
8.400

0.004 1.071 (1.022–1.122)

BMI 0.373 0.542 1.026 (0.944–1.115)
–

– –

White blood cell 11.297 <0.001 1.305 (1.117–1.525)

Lymphocyte 9.112 0.003 0.999 (0.998–1.000)

Hemoglobin 2.706 0.100 0.851 (0.702–1.031)

Platelet 1.162 0.281 0.997 (0.993–1.002)
–

– –

D-dimer 16.431 <0.001 5.876 (2.496–13.833)

Plasma glucose 12.136 <0.001 1.024 (1.010–1.037)

HbA1c 19.575 <0.001 4.178 (2.218–7.872)
5.132

0.024 1.939 (1.093–3.438)

AST 10.111 0.002 1.036 (1.014–1.058)

ALT 8.664 0.003 1.027 (1.009–1.045)

LDH 25.797 <0.001 1.017 (1.010–1.024)

Albumin 32.215 <0.001 0.030 (0.009–0.101)

eGFR 9.334 0.002 0.973 (0.956–0.990)

CPK 2.090 0.148 1.001 (1.000–1.002)

CRP 28.437 <0.001 2.798 (1.917–4.084)
18.280

<0.001 2.219 (1.540–3.197)

Abnormal chest
imaging findings

17.520 <0.001 10.714 (3.529–32.528)

Hypertension 12.825 <0.001 4.750 (2.025–11.144)

Diabetes mellitus 22.967 <0.001 17.292 (5.390–55.473)
–

– –

†Factors with P < 0.25 on univariate logistic regression analysis excluding diabetes mellitus were included in the multivariate logistic regression anal-
ysis. AST, aspartate aminotransferase; ALT, alanine aminotransferase; BMI, body mass index; CI, confidence interval; COVID-19, coronavirus disease
2019; CPK, creatine phosphokinase; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin; LDH, lactate
dehydrogenase; OR, odds ratio.
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CRP levels, hypertension, age, neutrophils, and lymphocytes are
useful predictors of oxygen therapy requirement. Kitajima et
al.10 demonstrated that age, hemodialysis, and CRP levels are

candidate predictors of the need for oxygen supply. Noh et al.9

revealed that current smoking status, higher heart rate, AST
levels, blood urea nitrogen levels, and chest radiographic find-
ings were associated with oxygen therapy requirements. How-
ever, no previous studies have focused on the association
between oxygen therapy requirement and plasma glucose/
HbA1c levels on admission.
The present study successfully revealed that, in addition to

male sex, greater age, and higher serum CRP levels, higher
HbA1c levels might be a risk factor for oxygen therapy require-
ment during hospitalization, irrespective of diabetes history or
status. These findings suggest that impaired glucose tolerance
or hyperglycemia prior to hospitalization for COVID-19 might
be associated with the development of COVID-19-related respi-
ratory disorders requiring oxygen therapy shortly afterward.
In the present study, in order to clarify the association

between glycemic control and oxygen therapy requirement, we
did not include the presence/absence of diabetes mellitus as an
independent factor in the logistic regression analysis, because
the clinical information does not accurately reflect the state of
glycemic control on admission. In fact, when the presence/
absence of diabetes mellitus was included as an independent
factor in the logistic regression analysis, diabetes mellitus status,
but not plasma glucose and HbA1c levels, emerged as a signifi-
cant variable associated with oxygen therapy requirement dur-
ing hospitalization. However, this analysis revealed an
extremely wide 95% CI (2.218–94.468) for diabetes mellitus,
suggesting the possible uncertainty of the result due to the
small sample size. Moreover, it is often difficult for physicians
to know whether a medical interview regarding diabetes melli-
tus is accurate, especially in new patients. In addition, it is likely
that grouping diabetics with well-controlled glycemia with those
with poorly controlled glycemia might prevent an accurate
analysis. Thus, we believe that it is reasonable to exclude the
presence/absence of diabetes mellitus from the logistic regres-
sion analysis and instead focus on plasma glucose and HbA1c
levels as diabetes-related clinical parameters.
The reason why HbA1c levels on admission could be a risk

factor for requiring oxygen therapy remains to be determined
in future studies. A possible reason for this phenomenon is that
hyperglycemia can compromise innate immune responses to
infection21,22, contributing to the development of COVID-19-
related lung involvement and leading to oxygen therapy
requirements. Additionally, it was recently reported that glyco-
sylation of angiotensin-converting enzyme 2 (ACE2), which is
a receptor for SARS-CoV-2 and expressed in lung epithelial
cells23, facilitates viral binding to the receptors, enabling viral
entry and leading to inflammatory processes in the lungs22,24.
For these reasons, the HbA1c level reflecting chronic hypergly-
cemia might be associated with the requirement of oxygen ther-
apy early in the clinical course of COVID-19.
HbA1c levels are reportedly affected by certain conditions,

such as chronic anemia, chronic kidney disease (CKD) with
eGFR <30 mL/min/1.73 m2, and erythropoietin administration,
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Figure 2 | The receiver operating characteristic (ROC) curve for the
multivariate binary logistic regression model. The ROC curve was used
to assess the accuracy of the obtained multivariate binary logistic
regression model to predict the requirement for oxygen therapy. The
area under the ROC curve (AUC) was 0.962 (95% CI: 0.927–0.997,
P < 0.001). AUC, area under the receiver operating characteristic curve;
ROC, receiver operating characteristic.
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Figure 3 | The receiver operating characteristic (ROC) curve of HbA1c
for predicting oxygen therapy requirement. The optimal cut-off value of
HbA1c level for oxygen therapy requirement was 5.9% (AUC 0.850,
95% CI: 0.781–0.921, P < 0.001, sensitivity 0.682, specificity 0.885). AUC,
area under the receiver operating characteristic curve; ROC, receiver
operating characteristic.
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which can lead to falsely low HbA1c results25, potentially
influencing the outcome of the present study. In the present
study, dialysis patients, who might usually and periodically
receive erythropoietin, were excluded from the analysis, and
patients with eGFR <30 mL/min/1.73 m2 were not originally
included (Figure 1 and Table 1). Thus, the effect of CKD or
erythropoietin administration on HbA1c levels was not consid-
ered in the present study. Meanwhile, a portion of our subjects
had mild anemia with a minimum Hb level of 9.5 g/dL
(Table 1). However, given that Hb level was not selected as an
independent variable associated with oxygen therapy require-
ment in the multivariate logistic regression analysis, mild ane-
mia with Hb level >9.5 g/dL might not influence the
relationship between HbA1c level and oxygen therapy require-
ment observed in the present study. In contrast, clinical condi-
tions, including severe anemia and severe CKD requiring
erythropoietin, may affect the outcome.
Male sex has been identified as a risk factor for severity or

mortality in patients with COVID-1926,27. The present study
confirmed that male sex might also be a risk factor for requir-
ing oxygen therapy. Some potential confounding factors linked
to male sex, such as history of smoking and cardiovascular dis-
ease, might underlie this association, although the details
remain to be elucidated in future studies. Additionally, as
reviewed elsewhere28, male patients are more likely to have a
higher expression of ACE2 than female patients, contributing
to the development and aggravation of COVID-19-related lung
involvement requiring oxygen therapy.
Several studies have demonstrated that a higher fasting

plasma glucose level on admission for COVID-19 is an inde-
pendent predictor of severity and mortality in patients with
COVID-194,29,30. In addition, a higher HbA1c level is report-
edly associated with a risk of COVID-19-related mortality5,7. In
general, plasma glucose level on admission is interpreted as a
biomarker of systemic inflammation at the time, whereas the
HbA1c level reflects chronic hyperglycemia for the past
3 months31. Considering that increased HbA1c levels might be
associated with dysregulated immune cell function32,33, fasting
plasma glucose and HbA1c levels already increased on admis-
sion may reflect the aggravated inflammation of COVID-19
and the vulnerability to the inflammation, possibly leading to
an increased risk of severity and mortality in patients with
COVID-19. On the other hand, tight glycemic control using
intravenous insulin infusion was shown to reduce disease sever-
ity and mortality in patients with COVID-19 and hyperglyce-
mia34,35. These findings suggest that poor glycemic control on
admission might lead to the severity of COVID-19-related
pneumonia, and that early recognition and treatment of hyper-
glycemia may greatly benefit these patients.
In this study, nine patients eventually received mechanical

ventilation due to exacerbation of COVID-19-related pneumo-
nia; since the number of these patients was very small36, multi-
variate logistic analysis of risk factors for severity of COVID-19
could not be performed. Furthermore, at our institution, all

patients who initiate oxygen therapy simultaneously begin intra-
venous steroid administration. Because steroid therapy might
influence the clinical course of COVID-19-related pulmonary
involvement, we believe it might be difficult to clarify the asso-
ciation between glycemic control on admission and severity of
COVID-19-related pneumonia after oxygen therapy in the pre-
sent study.
In the present study, we did not conduct a logistic regression

analysis using the SpO2 levels on admission, which is a simple
clinical parameter. As described above, 70.5% (31/44) of
patients who received oxygen therapy during hospitalization
required its initiation on the day of admission. Moreover,
96.8% (30/31) of the patients required initiation of oxygen ther-
apy within 4 h of admission. Considering that an SpO2 level
below 92% was used as the basis for initiation of oxygen ther-
apy in the present study, we believe that SpO2 level on admis-
sion should be treated as a factor determining the need for
oxygen therapy rather than a risk factor for oxygen therapy for
the 31 patients and that the logistic regression analysis using
SpO2 levels might be unsuitable for identifying risk factors asso-
ciated with oxygen therapy. Therefore, to evaluate the influence
of SpO2 level on oxygen therapy as a risk factor, a similar anal-
ysis using more patients that required initiation of oxygen ther-
apy sometime after admission, e.g., after the next day of
admission, should be conducted. Because we could include only
13 patients requiring initiation of oxygen therapy after the next
day of admission, the influence of SpO2 level on oxygen ther-
apy could not be evaluated through the logistic regression anal-
ysis because of the small sample size.
This study has some limitations. First, this was a single-

hospital study with a relatively small sample size, which pre-
vented accurate analysis. Thus, it may be difficult to generalize
our findings. Second, due to the retrospective nature of the
study design, the causal correlation between the selected clinical
parameters and the requirement for oxygen therapy remains
unknown. To clarify this, a longitudinal prospective study is
required. Furthermore, the present study included a limited
number of patients who initiated oxygen therapy the day after
admission, which prevented an accurate logistic analysis on
whether laboratory data obtained on admission could serve as
useful predictive markers for future oxygen therapy after admis-
sion or not36. Third, we could not obtain certain information,
including smoking history and the presence/absence of respira-
tory and cardiovascular diseases, which were previously
reported as predictors for severity of COVID-195 and may have
some influence on the findings in the present study. Finally,
our findings may be affected by differences in SARS-CoV-2
strains or SARS-CoV-2 vaccination status.
In conclusion, in addition to male sex, age, and serum CRP

levels, HbA1c levels on admission may be a risk factor for the
need for oxygen therapy during the clinical course of COVID-
19, irrespective of diabetes history and status. Evaluating the
risk of hypoxia early in the disease process by using the four
simple clinical parameters indicated in this study may
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contribute to the efficient delegation of limited numbers of hos-
pital beds to patients at risk for oxygen therapy requirement.
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