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ABSTRACT

Introduction: To investigate the effects of glu-
cose abnormality on outcomes of hospitalized
coronavirus disease 2019 (COVID-19) patients
in Japan.
Methods: This study retrospectively analyzed
393 COVID-19 patients admitted at Juntendo
University Hospital. Patients were divided into
subgroups according to history of diabetes and
blood glucose (BG) levels and subsequently

compared in terms of in-hospital death, inva-
sive ventilation, or a composite of both.
Results: Patients with glucose abnormality
demonstrated more risk factors for serious
COVID-19, such as high body mass index, dys-
lipidemia, and hypertension, and higher
biomarkers for inflammation compared to those
with normal BG levels. Oxygen inhalation and
steroid use were more frequent among patients
with than without glucose abnormality. Inva-
sive ventilation was more frequent in patients
with diabetes (9.5% vs. 3.2%, p = 0.033) and
BG C 140 mg/dl (11.0% vs. 3.1%, p = 0.009)
compared with those without diabetes and
BG\140 mg/dl, respectively. Logistic regres-
sion analysis showed that BG C 140 mg/dl was
a risk factor for invasive ventilation [odds ratio
(OR) 2.87, 95% CI 1.04–7.68, p = 0.037] or the
composite outcome (OR 3.03, 95% CI
1.21–7.38, p = 0.015) even after adjusting for by
age and gender. Kaplan-Meier analysis showed
that glucose abnormality was significantly
associated with invasive ventilation and that
BG C 140 mg/dl was a risk factor for invasive
ventilation [hazard ratio (HR) 2.68, 95% CI
1.05–6.82, p = 0.039] and the composite of
death and invasive ventilation (HR 2.77, 95% CI
1.21–6.37, p = 0.016) regardless of age and
gender.
Conclusions: Glucose abnormality, particularly
BG C 140 mg/dl, was associated with serious
outcomes among Japanese COVID-19 patients,
suggesting the need to consider high BG as a
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major risk factor for poor clinical course also in
Japan.

Keywords: COVID-19; Diabetes; Blood glucose;
Invasive ventilation

Key Summary Points

Why carry out this study?

The effects of glucose abnormality on
COVID-19 patients in Japan remain
unknown.

393 patients with COVID-19 in Juntendo
University Hospital were retrospectively
analyzed.

What was learned from the study?

Patients with blood glucose C 140 mg/dl
were associated with in-hospital
deterioration.

Glucose abnormality was considered a risk
factor for poor COVID-19 outcomes in
Japan.

INTRODUCTION

The coronavirus disease 2019 (COVID-19) pan-
demic has ravaged the world for almost 2 years
now, with the accumulated total number of
deaths exceeding 5 million [1]. In Japan,
cumulative numbers of patients diagnosed with
COVID-19 has reached 1.5 million as of
September 2021 [2]. Patients with risk factors,
such as obesity [3], hypertension [4], and dys-
lipidemia [5], have been reported to experience
serious COVID-19 complications, with glucose
abnormality, including diabetes, also having
been considered a major comorbidity associated
with poor COVID-19 clinical course [6]. In the
New York City area between March and April
2020, diabetes was one of the most common
(33.8%) comorbidities in 5700 COVID-19
patients [7]. A retrospective study of critically ill
patients with COVID-19 admitted to ICUs in

Italy found that 68% of the subjects had as least
one comorbidity, with diabetes also being a
major one (17%) along with hypertension and
dyslipidemia [8]. While COVID-19 subjects with
type 2 diabetes required more intensive medical
care and showed significantly higher mortality
rates than those without diabetes, a report has
also shown that well-controlled blood glucose
(BG) levels were associated with low mortality
rates compared to poorly controlled BG levels in
Hubei, China, where the first cases of pneumo-
nia of unknown origin had been reported [9].
The aforenoted reports suggested that diabetes
plays an important role as a risk factor for poor
outcomes in patients with COVID-19. However,
only a few reports in Japan have examined the
relationship between glucose abnormality and
COVID-19 prevalence and prognosis. Consid-
ering the differences in prevalence of COVID-19
patients between Japan and other countries
where governments are struggling to control
the number of newly diagnosed patients,
examining the impact of glucose abnormality
on COVID-19 prognosis should provide a useful
perspective on future treatments. From these
perspectives, we retrospectively investigated the
clinical records of in-hospital COVID-19
patients at Juntendo University Hospital,
Tokyo, to clarify the effects of glucose abnor-
mality on outcomes of hospitalized COVID-19
patients in Japan.

METHODS

Patients

Our study protocol was in accordance with the
principles outlined in the Declaration of Hel-
sinki for the use of human tissue or subjects and
was approved by the ethics committee of Jun-
tendo University Hospital, a 1051-bed univer-
sity-affiliated hospital in Tokyo (approval no.
E21-0012-H01). We utilized the opt-out method
to obtain consent for this study from 453
COVID-19-positive patients admitted at Jun-
tendo University Hospital from July 2020 to
June 2021. COVID-19 was diagnosed using
chest computed tomography and reverse tran-
scription-polymerase chain reaction (RT-PCR)
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based on the Clinical Management of Patients
with COVID-19 (5th edition) published by the
Ministry of Health, Labour and Welfare and the
National Institute of Infectious Diseases [10].
We retrospectively extracted baseline charac-
teristics, including medical history, laboratory
findings, severity on admission, and in-hospital
treatment, from the medical records. Baseline
characteristics and laboratory data on admis-
sion were available for 393 patients without
missing values (Fig. 1). COVID-19 severity was
classified as mild (patients with SpO2 C 96%, no
respiratory symptoms), moderate I (patients
with 93%\ SpO2\96%, shortness of breath
and pneumonia findings), moderate II (patients
with SpO2 B 93%, oxygen therapy required),
and severe (admission to ICU or mechanical
ventilation required) [10]. All patients received
the standard protocol upon admission, includ-
ing oxygen therapy, steroid therapy with dex-
amethasone, and pulse therapy with
methylprednisolone. Favipiravir was adminis-
tered following the recommended protocol as
indicated in the Japanese Guideline [10] based
on previous trials [11]. Only a limited number
of patients received baricitinib after the Min-
istry of Health, Labour, and Welfare issued an
emergency use authorization in April 2021.
Patients received insulin therapy as needed due

to steroid-induced hyperglycemia, with a target
BG range of 140–180 mg/dl [12]. All eligible
patients were categorized as having glucose
abnormality based on history of diabetes or BG
level C 140 mg/dl on admission following the
latest American Diabetes Association and
American Association of Clinical Endocrinolo-
gists consensus [13] and definition of hyper-
glycemia for hospitalized patients [14] (Fig. 1).

Study Outcomes

The study outcomes were in-hospital death,
invasive ventilation defined as mechanical
ventilation, or the composite of death and
invasive ventilation (Fig. 1). These outcomes
were analyzed in previous reports to assess the
severity of COVID-19 [15].

Statistical Analysis

Categorical variables were expressed as fre-
quency rates and percentages (%), whereas
continuous variables were expressed as mean
(SD). Categorical variables between groups were
compared using the Fisher exact test, whereas
continuous variables were analyzed using the
Student t test. Survival curves were plotted

Fig. 1 Outline of the study. A schematic overview of the subjects analyzed in this study
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using the Kaplan-Meier method. Univariable
analysis was performed to determine risk factors
for the outcomes, and age- and gender-adjusted
multivariable logistic regression analysis was
performed focusing on BG, whereas age- and
gender-adjusted multivariable Cox regression
models were also used to investigate risk factors
during hospitalization. Multivariable analysis
was performed as exploratory because of the
limited number of events, and power calcula-
tion was not performed considering that this
research is exploratory. All statistical analyses
were performed using the R Studio version
1.4.1717, with a p value of\0.05 indicating
statistical significance.

RESULTS

Patient Characteristics on Admission

To examine the effects of glucose abnormality
on COVID-19 prognosis, patients diagnosed
with COVID-19 who were admitted at Juntendo
University Hospital were categorized based on
their history of diabetes and BG levels. Among
the 393 patients without any missing data, 84
had a history of diabetes and 73 had a BG
level C 140 mg/dl (Table 1). Three patients had
been diagnosed with type 1 diabetes, and four
patients had been treated by steroid therapy
because of other comorbidities on admission. As
expected, subjects with history of diabetes and
BG C 140 mg/dl had similar risk factors, such as
higher age, higher body mass index, and history
of hypertension or dyslipidemia. Patients with
mild symptoms upon admission had a more
normal BG level compared to those with worse
symptoms.

Laboratory Findings on Admission

As shown in Table 2, patients with history of
diabetes showed higher HbA1c [5.73 (0.44) vs.
7.64 (1.89), p\0.001] and BG [106.1 (23.3) vs.
168.5 (72.7), p\0.001] levels than those with-
out a history of diabetes. Moreover, patients
with history of diabetes [5.14 (2.03) vs. 5.91
(2.68), p = 0.005] as well as subjects with BG

level C 140 mg/dl [5.17 (1.91) vs. 5.91 (3.14),
p = 0.009] demonstrated higher white blood cell
counts than those without a history of diabetes
or BG level\ 140 mg/dl. Moreover, patients
with diabetes [67.01 (12.43) vs. 72.18 (11.69),
p = 0.001] as well as those with BG
level C 140 mg/dl [67.17 (12.34) vs. 72.22
(12.15), p = 0.002] had a higher neutrophil
percentage than their counterparts. In contrast,
the percentage of lymphocytes was lower in
patients with diabetes [23.76 (10.66) vs. 19.79
(9.37), p = 0.002], as well as in subjects with BG
levels C 140 mg/dl [23.64 (10.54) vs. 19.71
(9.85), p = 0.004], than in their counterparts.
Serum creatinine levels were higher in subjects
with than without a history of diabetes [0.93
(1.28) vs. 2.11 (3.49), p\ 0.001], whereas they
were comparable between patients with
increased and decreased BG levels. In contrast,
no significant difference in aspartate amino-
transferase (AST) levels was observed between
patients with and without diabetes [35.64
(27.42) vs. 34.76 (21.46), p = 0.786] and BG
level greater and less than 140 mg/dl [34.33
(26.11) vs. 40.36 (26.41), p = 0.077]. C-reactive
protein was higher in subjects with diabetes
[3.12 (4.18) vs. 5.36 (6.02), p\ 0.001] and BG
level C 140 mg/dl [3.28 (4.48) vs. 5.02 (5.43),
p = 0.004], whereas those with BG
level C 140 mg/dl had higher levels of ferritin
[544.71 (642.09) vs. 758.34 (585.03), p = 0.01]
and KL-6 [279.28 (207.14) vs. 371.45 (316.52),
p = 0.002] than their counterparts.

In-Hospital Patient Treatment

All patients received the standard COVID-19
protocol, including oxygen therapy, steroid
therapy, and antiviral treatment. As shown in
Table 3, oxygen therapy was more frequently
performed in patients with diabetes [106 (34.3)
vs. 44 (52.4), p = 0.003] and BG C 140 mg/dl
[109 (34.1) vs. 41 (56.2), p = 0.001] compared to
their counterparts. Steroid therapy, including
pulse therapy, was also more prevalent in sub-
jects with diabetes [142 (46.0) vs. 51 (60.7),
p = 0.019] and BG C 140 mg/dl [144 (45.0) vs.
49 (67.1), p = 0.001] compared to their coun-
terparts. In contrast, treatment with antiviral
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drugs, such as remdesivir, baricitinib, and
favipiravir, was comparable between all
subgroups.

Clinical Outcomes

Next, we retrospectively analyzed the patient
outcomes. As shown in Table 4, mortality rates
were comparable between those with and
without a history of diabetes [8 (2.6) vs. 4 (4.8),
odds ratio (OR) 1.87, 95% confidence interval
(CI) 0.40–7.22, p = 0.294] and between those

with BG greater and less than 140 mg/dl [7 (2.2)
vs. 5 (6.8), OR 3.27 (95% CI 0.79–12.4),
p = 0.052]. In contrast, patients with glucose
abnormality received more intensive respiratory
treatment given that invasive ventilation was
more frequently performed in subjects with
history of diabetes [10 (3.2) vs. 8 (9.5), OR 3.13
(95% CI 1.03–9.16), p = 0.033] and those with
BG C 140 mg/dl [10 (3.1) vs. 8 (11.0), OR 3.80
(1.25–11.2), p = 0.009] compared to their
counterparts. Accordingly, the composite out-
comes, death and invasive ventilation, were
more prevalent among patients with

Table 1 Baseline patient characteristics

History of diabetes BG

No diabetes
n = 309

Diabetes
n = 84

p value < 140 mg/dl
n = 320

‡ 140 mg/dl
n = 73

p value

Age 56.4 (19.2) 62.4 (13.9) 0.009 56.6 (18.8) 62.4 (15.5) 0.015

Gender (male) (%) 193 (62.5) 62 (73.8) NS 196 (61.3) 59 (80.8) 0.002

BMI 24.1 (4.4) 26.8 (5.8) \ 0.001 24.4 (4.8) 25.9 (5.0) 0.016

Hypertension (%) 89 (28.8) 47 (56.0) \ 0.001 101 (31.6) 35 (47.9) 0.01

Dyslipidemia (%) 55 (17.8) 38 (45.2) \ 0.001 65 (20.3) 28 (38.4) 0.002

COPD (%) 10 (3.2) 2 (2.4) NS 8 (2.5) 4 (5.5) NS

ASCVD (%) 29 (9.4) 16 (19.0) 0.02 35 (10.9) 10 (13.7) NS

Malignancy (%) 31 (10.0) 10 (11.9) NS 33 (10.3) 8 (11.0) NS

Hemodialysis (%) 4 (1.3) 10 (11.9) \ 0.001 12 (3.8) 2 (2.7) NS

sBP (mmHg) 128.5 (19.2) 134.8 (21.1) 0.009 129.4 (20.2) 131.8 (17.7) NS

dBP (mmHg) 81.7 (13.1) 82.4 (12.9) NS 81.8 (13.1) 81.8 (13.1) NS

Heart rate (/min) 86.1 (16.5) 90.7 (18.6) 0.026 86.2 (16.4) 90.9 (19.5) 0.036

Body temperature (�C) 36.99 (0.79) 37.03 (0.76) NS 37.01 (0.77) 36.96 (0.81) NS

RR (/min) 18.6 (6.9) 19.6 (4.9) NS 18.7 (6.7) 19.1 (5.5) NS

COVID-19 severity (%) \ 0.001 0.004

Mild 88 (28.5) 8 (9.5) 88 (27.5) 8 (11.0)

Moderate-I 153 (49.5) 47 (56.0) 162 (50.6) 38 (52.1)

Moderate-II 60 (19.4) 29 (34.5) 64 (20.0) 25 (34.2)

Severe 8 (2.6) 0 (0.0) 6 (1.9) 2 (2.7)

ASCVD atherosclerotic cardiovascular disease, BG blood glucose, BMI body mass index, COPD chronic obstructive pul-
monary disease, dBP diastolic blood pressure, NS not significant, RR respiratory rate, sBP systolic blood pressure
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Table 2 Laboratory data of the patients on admission

History of diabetes BG

No diabetes
n = 309

Diabetes
n = 84

p value < 140 mg/
dl
n = 320

‡ 140 mg/
dl
n = 73

p value

HbA1c (%) [4.6–6.2] 5.73 (0.44) 7.64 (1.89) \ 0.001 5.81 (0.62) 7.56 (2.00) \ 0.001

BG (mg/dl) [65–109] 106.1 (23.3) 168.5 (72.7) \ 0.001 101.8 (15.3) 196.5 (59.8) \ 0.001

White blood cells (9 103/ll)

[3.9–9.7]

5.14 (2.03) 5.91 (2.68) 0.005 5.17 (1.91) 5.91 (3.14) 0.009

Neutrophils (%) [25–72] 67.01 (12.43) 72.18 (11.69) 0.001 67.17 (12.34) 72.22 (12.15) 0.002

Lymphocytes (%) [17–58] 23.76 (10.66) 19.79 (9.37) 0.002 23.64 (10.54) 19.71 (9.85) 0.004

Red blood cells (9 106/ll)

[4.30–5.67]

4.57 (0.57) 4.57 (0.74) NS 4.56 (0.60) 4.61 (0.64) NS

Hemoglobin (g/dl) [13.4–17.1] 14.16 (1.78) 14.00 (2.26) NS 14.08 (1.88) 14.33 (1.92) NS

Hematocrit (%) [40.4–51.1] 41.24 (4.72) 40.90 (5.93) NS 41.07 (4.98) 41.57 (5.08) NS

Platelets (9 103/ll) [153–346] 193.88

(67.02)

193.92

(76.98)

NS 194.15

(66.29)

192.74

(81.08)

NS

Na (mEq/l) [135–145] 138.75 (3.12) 137.44 (3.32) 0.001 138.75 (3.10) 137.25 (3.39) \ 0.001

K (mEq/l) [3.5–5.0] 3.98 (0.39) 4.13 (0.54) 0.005 4.00 (0.42) 4.06 (0.47) NS

Cl (mEq/l) [96–107] 101.60 (3.33) 99.92 (4.24) \ 0.001 101.54 (3.52) 99.92 (3.71) \ 0.001

Total bilirubin (mg/dl) [0.4–1.2] 0.64 (0.27) 0.71 (0.68) NS 0.65 (0.42) 0.66 (0.29) NS

AST (U/l) [5–37] 35.64 (27.42) 34.76 (21.46) NS 34.33 (26.11) 40.36 (26.41) NS

ALT (U/l) [6–43] 35.29 (39.25) 35.33 (27.88) NS 33.15 (34.43) 44.73 (46.10) 0.016

cGTP (U/l) [0–75] 59.72 (78.17) 60.49 (77.06) NS 56.40 (78.02) 75.16 (75.67) NS

Total protein (g/dl) [6.5–8.5] 6.86 (0.58) 6.80 (0.71) NS 6.86 (0.59) 6.80 (0.70) NS

Albumin (g/dl) [4.0–5.2] 3.79 (0.55) 3.58 (0.56) 0.002 3.79 (0.54) 3.57 (0.62) 0.003

D-dimer (lg/ml) [0.0–1.0] 2.26 (4.45) 2.22 (1.95) NS 2.20 (4.27) 2.48 (2.90) NS

Blood urea nitrogen (mg/dl)

[9–21]

15.06 (9.72) 23.57 (19.82) \ 0.001 16.58 (13.17) 18.19 (12.38) NS

Creatinine (mg/dl) [0.6–1.0] 0.93 (1.28) 2.11 (3.49) \ 0.001 1.21 (2.09) 1.08 (1.75) NS

C-reactive protein (mg/dl)

[0–0.29]

3.12 (4.18) 5.36 (6.02) \ 0.001 3.28 (4.48) 5.02 (5.43) 0.004

Ferritin (ng/ml) [30–400] 566.57

(655.63)

649.93

(559.87)

NS 544.71

(642.09)

758.34

(585.03)

0.01
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BG C 140 mg/dl [13 (4.1) vs. 10 (13.7), OR 3.73
(95% CI 1.40–9.69), p = 0.004] compared to
those with BG\140 mg/dl.

Relationship Between Glucose
Abnormality and Clinical Outcomes

We then performed a retrospective analysis on
various factors on admission to examine which
parameter is important for predicting the prog-
nosis of COVID-19 patients. Among the factors
shown in Tables 1 and 2, higher mortality rates
were observed among older patients and those
with higher white blood cell counts, neutrophil
percentages, blood urea nitrogen levels, C-re-
active protein levels, Krebs von den Lungen 6
(KL-6), and BG levels, whereas univariable
analysis showed that lower percentages of lym-
phocytes, albumin levels, total protein levels,
red blood cell count, and hemoglobin were
significantly correlated with mortality (Table 5).
Invasive ventilation was significantly associated
with advanced age; male gender; systolic blood
pressure; history of diabetes; chronic obstruc-
tive pulmonary disease; atherosclerotic cardio-
vascular disease (ASCVD); and higher white
blood cell counts, neutrophil percentages,
C-reactive protein, c-glutamyltransferase
(cGTP), ferritin, AST, alanine transaminase
(ALT), BG, HbA1c, and KL-6. Meanwhile, lower
percentages of lymphocytes, albumin, and total
protein were associated with invasive ventila-
tion. Moreover, advanced age, ASCVD, and
higher white blood cell counts, neutrophil per-
centages, C-reactive protein, cGTP, ferritin, BG,
AST, KL-6, and blood urea nitrogen were

relevant to the composite outcome. Further-
more, the composite outcome was significantly
associated with lower lymphocyte percentages,
albumin, and total protein. Given that
BG C 140 mg/dl was commonly detected as a
significantly related factor for the outcomes, we
further examined whether BG C 140 mg/dl
remained a risk factor for poor COVID-19 clin-
ical course after adjusting for age and gender.
Multivariable logistic regression analysis
revealed that BG C 140 mg/dl was an indepen-
dent risk factor for invasive ventilation [OR 2.87
(1.04–7.68), p = 0.037] and the composite out-
come of death and invasive ventilation [OR 3.03
(1.21–7.38), p = 0.015] even after adjusted for
age and gender (Table 5).

Finally, we performed Kaplan-Meier analysis
to investigate the rates of mortality and invasive
respiratory treatment during in-hospital treat-
ment (Fig. 2). Notably, mortality rates were
comparable between patients with and without
a history of diabetes (4/84 vs. 8/309, log-rank
test p value = 0.8) and between those with BG
greater and less than 140 mg/dl (5/73 vs. 7/320,
log-rank test p value = 0.3). In contrast, invasive
ventilation was more frequently performed in
patients with diabetes (8/84 vs. 10/309, log-rank
test p value = 0.02) and BG C 140 mg/dl (8/73
vs. 10/320, log-rank test p value = 0.006) com-
pared to their counterparts. As for the compos-
ite outcome of death or invasive ventilation,
patients with BG C 140 mg/dl manifested
poorer outcomes (10/73 vs. 13/320, log-rank
test p value = 0.004) compared to those with
BG\140 mg/dl. The aforementioned data also
indicated that high BG on admission was also
associated with poor COVID-19 clinical course

Table 2 continued

History of diabetes BG

No diabetes
n = 309

Diabetes
n = 84

p value < 140 mg/dl
n = 320

‡ 140 mg/dl
n = 73

p value

KL-6 (U/ml) [0–499] 288.87 (235.30) 324.12 (226.83) NS 279.28 (207.14) 371.45 (316.52) 0.002

AST aspartate transaminase, ALT alanine aminotransferase, BG blood glucose, cGTP c-glutamyltransferase, KL-6 Krebs
von den Lungen 6, NS not significant
Reference ranges are shown in []
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during in-hospital treatment. Thus, we investi-
gated whether high BG was an independent risk
factor for poor COVID-19 clinical course. As
shown in Table 6, Cox regression analysis
adjusted by age and gender found that
BG C 140 mg/dl was significantly associated
with invasive ventilation [HR 2.68 (1.05–6.82),
p = 0.039] and its composite with death [HR
2.77 (1.21–6.37), p = 0.016].

DISCUSSION

This retrospective study of COVID-19 patients
in Japan revealed that high BG on admission
was significantly associated with in-hospital

intensive respiratory treatment. In contrast, no
significant differences in mortality rates were
observed from the perspective of glucose
abnormality determined through either a his-
tory of diabetes or BG C 140 mg/dl. Our find-
ings also demonstrated that BG C 140 mg/dl
was an important factor significantly associated
with death, invasive ventilation, and their
composite in common, and an independent risk
factor for invasive ventilation and a composite
of death and invasive ventilation even after
adjusted for age and gender. Kaplan-Meier
analysis also demonstrated that BG C 140 mg/
dl was significantly associated with frequent
invasive ventilation and a composite of death
and invasive ventilation during in-hospital

Table 3 In-hospital treatment of the patients in all groups

History of diabetes BG

No diabetes Diabetes p value < 140 mg/dl ‡ 140 mg/dl p value

Oxygen inhalation 106 (34.3) 44 (52.4) 0.003 109 (34.1) 41 (56.2) 0.001

Steroid use 142 (46.0) 51 (60.7) 0.019 144 (45.0) 49 (67.1) 0.001

Steroid pulse 32 (10.4) 13 (15.5) 0.245 29 (9.1) 16 (21.9) 0.004

Remdesivir 31 (10.0) 12 (14.3) 0.323 32 (10.0) 11 (15.1) 0.215

Baricitinib 10 (3.2) 6 (7.1) 0.121 10 (3.1) 6 (8.2) 0.091

Favipiravir 20 (6.5) 5 (6.0) 1 18 (5.6) 7 (9.6) 0.284

BG blood glucose

Table 4 Clinical outcomes of the patients in all groups

History of diabetes BG

No
diabetes

Diabetes OR (95%
CI)

p value < 140 mg/
dl

‡ 140 mg/
dl

OR (95%
CI)

p value

Death 8 (2.6) 4 (4.8) 1.87

(0.40–7.22)

0.294 7 (2.2) 5 (6.8) 3.27

(0.79–12.4)

0.052

Invasive ventilation 10 (3.2) 8 (9.5) 3.13

(1.03–9.16)

0.033 10 (3.1) 8 (11.0) 3.80

(1.25–11.2)

0.009

Death or invasive

ventilation

14 (4.5) 9 (10.7) 2.52

(0.92–6.54)

0.061 13 (4.1) 10 (13.7) 3.73

(1.40–9.69)

0.004

BG blood glucose, CI confidence interval, OR odds ratio
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treatment, with multivariable Cox regression
analysis identifying BG C 140 mg/dl as a risk
factor even after adjusted for age and gender.

According to a systematic review and meta-
analysis including [ 14,000 patients and 18
studies in the early pandemic from January
2019 to April 2020, around 11.5% of COVID-19
patients had a history of diabetes [16]. However,
it should be noted that most of the earlier
reports were from China, where the outbreak
began. In the USA, around 33% of the subjects
hospitalized for COVID-19 had history of dia-
betes based on the US Centers for Disease
Control and Prevention COVID-19-Associated
Hospitalization Surveillance Network (COVID-
NET) [17], suggesting that geographic and
chronological effects had an impact on varia-
tions in the prevalence of COVID-19 patients
with diabetes. In the current study, 21% of our
patients had diabetes, which is reasonable con-
sidering the number of previously hospitalized
COVID-19 patients.

Reports have also shown that other comor-
bidities, such as obesity, hypertension, and
dyslipidemia, which are all significantly associ-
ated with glucose abnormality, were prevalent
in COVID-19-patients. Our data showed that
those comorbidities were significantly associ-
ated with a history of diabetes and
BG C 140 mg/dl, suggesting that the combina-
tion of these risk factors may contribute to poor
outcomes among COVID-19 patients with glu-
cose abnormality.

Notably, among patients with glucose
abnormality, only a few had mild symptoms on
admission, which may be, however, due to the
bias that subjects with risk factors are preferen-
tially admitted to the hospital.

Laboratory examination on admission
revealed that data associated with inflammatory
response, such as high white blood cell counts,
C-reactive protein, and high percentage of
neutrophils, were significantly increased among
patients with glucose abnormality. In particu-
lar, factors implying existence of acute inflam-
mation, such as C-reactive protein, ferritin, and
KL-6, were all associated with BG C 140 mg/dl,
suggesting that the aforementioned parameters
reflected severe inflammation in the lungs,
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resulting in deterioration of pneumonia and
need for invasive ventilation.

From the perspective of treatment, more
patients with glucose abnormality received
oxygen therapy and required steroid therapy
than those without glucose abnormality. The
use of glucocorticoids, such as dexamethasone,
has been recommended as a standard medical
treatment for COVID-19 [18], and pulse therapy
has been considered as an effective approach for
acute respiratory distress syndrome [19], which
was widely administered to prevent the deteri-
oration of respiratory functions in COVID-19
patients with glucose abnormality admitted at
our hospital. In contrast, the use of antiviral
reagents was comparable between patients with
and without glucose abnormality given that
those were prescribed as standard therapy irrel-
evant of the presence of glucose abnormality.

Surprisingly, no significant difference in
mortality was observed between those with and
without glucose abnormality determined based
on a history of diabetes and BG C 140 m/dl. The
overall mortality rates based on our analyzed
data was 12/393 (3.0%), which was considerably
lower than that (15.8%) reported in the USA
from March through November 2020 [20]. The
low mortality rates might increase the diffi-
cultly of detecting statistically significant dif-
ferences between patients with and without
glucose abnormality. In contrast, more patients
with glucose abnormality, estimated using
either history of diabetes or BG C 140 mg/dl,
received intensive respiratory therapy compared
to those without glucose abnormality. It has
been widely accepted that high BG is a
remarkable predictor of poor outcomes in
infectious diseases, such as pneumonia [21],
with studies recommending that BG be con-
trolled between 140 and 180 mg/dl in the
intensive care unit avoiding hypoglycemia [12].
In addition, there was no significant difference
in proportion of the patients with invasive
ventilation between those with BG
levels C 180 mg/dl (4/34, 11.8%) and subjects
with 140 B BG\180 mg/dl (4/39, 10.3%) in
this study.

Finally, after searching for a factor predicting
the prognosis of COVID-19 from our data, we
found that high BG on admission wasT
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significantly associated with poorer outcomes of
COVID-19. Interestingly, the association
between BG level C 140 mg/dl and invasive
ventilation and the composite outcome of
death and invasive ventilation remained sig-
nificant even after adjusted for age and gender,
suggesting that glucose abnormality was one of
the determinant factors for poor in-hospital
clinical course of COVID-19. However, we could
not exclude the effects of certain confounding
factors as the low event rates in our data
allowed for the limited number of factors to be

analyzed using multivariable analysis [22]. Fur-
thermore, the same trend was confirmed in the
Kaplan-Meier analysis followed by Cox regres-
sion analysis, indicating the significance of
estimating BG and the hypothesis that BG
control during the initial phase could have
favorable effects on the prognosis of COVID-19.

The current study has some limitations
worth noting. (1) This was a single-center, ret-
rospective study. (2) Another limitation was the
relatively short study duration, which assessed
confinements within a year, reflecting the

Fig. 2 Kaplan-Meier curves of the event-free probability
in patients with COVID-19 for outcomes. Probabilities of
death, invasive ventilation, and the composite of death and
invasive ventilation were analyzed between subgroups
based on glucose abnormality. p values evaluated by log-

rank test are shown in each plot. The lower and upper
bounds of the 95% confidence interval are also displayed.
The probability of invasive ventilation was significantly
higher among all subgroups with glucose abnormality
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first–fourth waves in Japan [2]. By December
2021, Japan had experienced five waves of
COVID-19 infection since the start of the pan-
demic. The spread of the Delta variant was
observed in Osaka by March 2021 and then
reported in Tokyo by June 2021. (3) We should
have considered the effects of vaccination [23]
and novel antiviral treatments, which could
have been administered during the research
period [24]. Vaccination with the Pfizer-BioN-
Tech mRNA and Moderna COVID-19 (mRNA-
1273) vaccines started on April 2021 in Japan.

CONCLUSIONS

In summary, the current study revealed that
glucose abnormality on admission, determined
based on BG level, was significantly associated
with poor COVID-19 clinical course such as
invasive ventilation in Japan. Considering that
only a few reports are available for discussing
the relationship between glucose abnormality
and prognosis of COVID-19 in Japan, this
research is of significance to some extent as it
suggests that high BG level is an important
predicting factor for in-hospital severity of
COVID-19 during treatment, consistent with
previous reports in other countries. A future
research direction is a prospective intervention
study to prove that controlling BG levels may
help improve the prognosis of COVID-19.
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