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Aim: No study elucidated the role of fasting blood glucose (FBG) level in the prognosis of

coronavirus disease 2019 (COVID-19).

Methods: This cohort study was conducted in a single center at Renmin Hospital of Wuhan

University, Wuhan, China. Clinical laboratory, and treatment data of inpatients with

laboratory-confirmed COVID-19 were collected and analyzed. Outcomes of patients with

and without pre-existing diabetes were compared. The associations of diabetes history

and/or FBG levels with mortality were analyzed. Multivariate cox regression analysis on

the risk factors associated with mortality in patients with COVID-19 was performed.

Results: A total of 941 hospitalized patients with COVID-19 were enrolled in the study.

There was a positive relationship between pre-existing diabetes and the mortality of

patients who developed COVID-19 (21 of 123 [17.1%] vs 76 of 818 [9.3%]; P = 0.012).

FBG �7.0 mmol/L was an independent risk factor for the mortality of COVID-19 regardless

of the presence or not of a history of diabetes (hazard ratio, 2.20 [95% CI, 1.21–4.03];

P = 0.010).

Conclusions: We firstly showed FBG �7.0 mmol/L predicted worse outcome in hospitalized

patients with COVID-19 independent of diabetes history. Our findings indicated screening

FBG level is an effective method to evaluate the prognosis of patients with COVID-19.
� 2020 Elsevier B.V. All rights reserved.
1. Introduction

The COVID-19 pandemic, which caused by severe acute respi-

ratory syndrome coronavirus 2 (SARS-CoV-2) infection, is a

novel and serious global health threat and dramatically

spreads worldwide [1].
Diabetes has been uniformly reported to be associated

with poor prognosis in coronavirus infections. One retrospec-

tive analysis suggested that a known history of diabetes and

ambient hyperglycemia were independent predictors for

death and morbidity in SARS patients [2]. Diabetes was preva-

lent in approximately 50% of the patients with MERS-CoV in a
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systematic analysis of 637 cases [3]. Recent clinical studies

confirmed diabetes as a major comorbidity of COVID-19 [4–

7]. Guo et al. [8] and Dong et al. [9] had investigated the corre-

lation between diabetes history and prognosis of COVID-19,

which analyzed 174 and 193 patients with COVID-19 respec-

tively. However, no study focused on the direct correlation

between fasting blood glucose (FBG) levels and the progno-

sis of COVID-19. Furthermore, whether diabetes history or

blood glucose level is more important for mortality of patients

with COVID-19 remains unclear. In the present research, we

investigated the clinical characteristics of patients with coex-

istence of COVID-19 infection and diabetes, and examined the

associations of diabetes history and/or FBG levels with the

mortality of COVID-19 in a selected cohort of patients in

Wuhan, China.

2. Materials and methods

2.1. Study design and participants

This is a retrospective, single center study at Renmin Hospital

of Wuhan University in Wuhan, China. The hospital had

assigned responsibility for the treatment of patients with sev-

ere COVID-19 by the Wuhan government. All enrolled

patients were definitively diagnosed based on the criteria

for COVID-19 (trial version 6) established by the Chinese

National Health Commission. Exclusion criterions included:

(1) Mild cases, which defined as mild clinical manifestation

and no obvious chest CT findings for COVID-19; (2) Duplicated

cases; (3) No available core medical information. Patients

were consecutive admitted to hospital from January 20 to

February 20, 2020. All included cases were shared with

WHO. The final date of follow-up was March 3, 2020. This

study was approved by the National Health Commission of

China and the institutional review board at Renmin Hospital

of Wuhan University. Written informed consent was waived

by the ethics commission of the designated hospital for

patients with emerging infectious diseases.

2.2. Data collection

We obtained clinical, laboratory, radiological, treatment, and

outcome data from patients’ electronic medical records for

hospitalized patients. All data were reviewed by two investi-

gators (F.Y. and B.Y.). Patients’ diabetes history information

was collected, and FBG levels were measured on admission.

The normal reference range of FBG in Renmin hospital of

Wuhan University is 3.9–6.1 mmol/L. As FBG � 7.0 mmol/l is

one of diagnostic criterions of diabetes, we took 7.0 mmol/l

as a cut-point for the FBG levels. Clinical data included symp-

toms and comorbidities. Laboratory assessments included

complete blood count, c-reactive protein (CRP), procalcitonin

(PCT), electrolytes, liver and renal function values. Acute res-

piratory distress syndrome (ARDS) was defined according to

the Berlin definition [10]. Acute kidney injury was identified

according to the Kidney Disease: Improving Global Outcomes

definition [11].

To confirm COVID-19, the Viral Nucleic Acid Kit (Health,

Ningbo, China) was used to extract nucleic acids from throat
swab, nose swab, anal swab, or phlegm samples according to

the kit instructions. A 2019-nCoV detection kit (Bioperfectus,

Taizhou, China) was used to detect the ORF1ab gene (nCovOR-

F1ab) and the N gene (nCoV-NP) according to the manufac-

turer’s instructions using real-time RT-PCR [12]. An infection

was considered as laboratory-confirmed if the nCovORF1ab

and nCoV-NP both showed positive results.

2.3. Statistical analysis

Descriptive statistics were obtained for all study variables. All

categorical variables were compared for the study outcome by

using the Fisher’s exact test, and continuous variables were

compared using the Student t test or theMann-WhitneyU test,

if appropriate. Continuous data are expressed as

mean ± standard deviation (SD) or median (interquartile ran-

ger, IQR). Categorical data were expressed as the counts and

proportion. Survival curves were plotted using the Kaplan-

Meier method. Univariate and multivariate cox regression

models were used to determine the independent risk factors

for death during hospitalization, with a time from admission

to the end of follow-up. The cases missing biomarker data

were excluded listwisewith statistics software. Datawere ana-

lyzed using SPSS 25.0 (IBM, Chicago, IL). Statistical charts were

generated using Excel 2016, Graphpad Prism (Version 5.0,

GraphPad Software) or Minitab (Version 18, Minitab statistical

Software). For all the statistical analyses, p < 0.05 was consid-

ered significant.

3. Results

3.1. Patients Characteristics

Supplementary Fig. 1 depicts a flowchart for patient recruit-

ment. Briefly, a total of 2157 patients with confirmed

COVID-19 were screened initially, from January 20, 2020, to

February 20, 2020, 1074 mild cases, 142 duplicated cases and

cases without available medical information were excluded.

941 cases (death, 97; survival, 844) with COVID-19 were

included in final analysis. Of these patients, 123 patients

(13.1%) had a history of diabetes and 818 patients (86.9%)

did not have pre-existing diabetes; 242 patients (25.7%) had

FBG equal or greater than 7 mmol/L and 699 patients (74.3%)

had FBG lower than 7 mmol/L. The median age was 57 years

(range, 18–98 years), and 487 (51.8%) were female. Among

these patients, the most common symptom at onset of illness

was fever (687 patients [73.0%]). Less common symptoms

were cough (315 patients [33.5%]), shortness of breath (232

patients [24.7%]), and fatigue (133 patients [14.1%]). Sputum

production 40 patients (4.3%), chest pain (34 patients [3.6%]),

diarrhea (27 patients [2.9%]), and headache (20 patients

[2.1%]) were rare. Comorbidities were present in 586 patients.

Other than diabetes, hypertension was the most common

comorbidity (272 patients [28.9%]), followed by coronary heart

disease (74 patients [7.9%]) and cerebrovascular disease (64

patients [6.8%]). The proportion of chronic renal failure,

chronic obstructive pulmonary disease (COPD), cancer,

chronic heart failure, hepatitis B infection pregnancy and

pregnancy was 4.7% (44 patients), 3.7% (35 patients), 3.0%
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Fig. 1 – Kaplan-Meier survival curves of survival probability in hospitalized patients with COVID-19. A. Mortality was higher

in patients with diabetes. B. Mortality was significantly higher in patients with FBG � 7.0 mmol/l. C. Among diabetes

subjects, mortality was higher in patients with FBG � 7.0 mmol/L, there was no statistical difference after log-rank test. D.

Among non-diabetes subjects, the mortality was significantly higher in patients with FBG � 7.0 mmol/L. FBG, fasting blood

glucose.
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(28 patients), 2.9% (27 patients), 2.6% (24 patients), and 1.9%

(18 patients), respectively (Table 1).

Compared with patients without pre-existing diabetes,

patients with diabetes were in older ages (median [range],

69[27–99] years vs 56 [18–95] years; P < 0.001), and more likely

to have shortness of breath (40 [32.5%] vs 192 [23.5%]). More-

over, patients with diabetes had more underlying comorbidi-

ties, including hypertension (66 [53.7%] vs 206 [25.2%]),

coronary heart disease (19 [15.4%] vs 55 [6.7%]), chronic renal

failure (16 [13.0%] vs 28 [3.4%]) and chronic heart failure (11

[8.9%] vs 16 [2.0%]) (Table 1).

Compared with patients with FBG < 7.0 mmol/L, patients

with FBG � 7.0 mmol/l were older (median [range], 64 [31–

98] years vs 56 [18–95] years; P < 0.001), and more likely to

have shortness of breath (87 [36.0%] vs 145 [20.7%]) and feel

fatigue (46 [19.0%] vs 87 [12.4%]. Patients with hyperglycemia

showed more comorbidities, including hypertension (108

[44.6%] vs 164 [23.5%], coronary heart disease (29 [12.0%] vs

45 [6.4%]), chronic renal failure (22 [9.1%] vs 22 [3.1%]) and

chronic heart failure (17 [7.0%] vs 10 [1.4%]). Additionally,

the FBG levels of all pregnancy patients were lower than

7 mmol/L. (Table 1).
3.2. Laboratory findings

On admission, in the overall study population of 941 patients,

median (IQR) levels of FBG (6.5 [5.2–8.3] mmol/L) and CRP (44.3

[15.4–81.4] mg/L) were elevated whereas the proportion of

lymphocytes was declined (15.7 [8.6–23.6]%). The median val-

ues of other laboratory indicators were within the normal

range, such as counts of leucocytes, platelets, erythrocytes

and the levels of hemoglobin, alanine aminotransferase,

aspartate aminotransferase, creatinine and electrolyte. The

proportion of patients with bilateral pneumonia was 57.5%

(541 patients) according to chest radiography and computed

tomography findings. Also, 224 patients (23.8%) had multiple

mottling and ground-glass opacity (Table 1).

Compared with patients who did not have history of dia-

betes, patients with diabetes showed higher median (IQR)

levels of FBG (9.5[7.3–14.8] mmol/L vs 6.1[5.1–7.6] mmol/L),

CRP (57.7 [22.6–86.9] mg/L vs 42 [14.4–80.8] mg/L), PCT (0.1

[0.05–0.32] ng/mL vs 0.06 [0.04–0.14] ng/mL), potassium (4.1

[3.5–5.7] mmol/L vs 3.9[3.4–4.2] mmol/L), but a lower propor-

tion of lymphocytes (12.2[7.9–20.7]% vs 16[8.7–23.9]%). With

regards to radiologic findings, bilateral pneumonia in patients



Table 1 – Baseline Characteristics, Laboratory and Radiographic findings of 941 Patients with COVID-19.

Characteristics All (n = 941) Diabetes (n = 123) Non-diabetes
(n = 818)

P value FBG � 7.0 mmol/l
(n = 242)

FBG < 7.00 mmol/l
(n = 699)

P value

Age (yrs), Median (range) 57(18–98) 69(27–99) 56(18–95) <0.001 64 (31–98) 56 (18–95) <0.001
Female, n (%) 487(51.8) 62(50.4) 425(52.0) 0.772 119 (49.2) 368 (52.6) 0.351
Signs and symptoms at admission, n (%)
Fever 687(73.0) 87(70.7) 600(73.3) 0.586 183 (75.6) 504(72.1) 0.288
Cough 315(33.5) 43(35.0) 272(33.3) 0.759 90 (37.2) 225 (32.2) 0.155
Shortness of breath 232(24.7) 40(32.5) 192(23.5) 0.033 87 (36.0) 145 (20.7) <0.001
Fatigue 133(14.1) 18(14.6) 115(14.1) 0.89 46 (19.0) 87 (12.4) 0.012
Sputum production 40(4.3) 6(4.9) 34(4.2) 0.636 12 (5.0) 28 (4.0) 0.527
Chest pain 34(3.6) 1(0.8) 33(4.0) 0.113 4 (1.7) 30 (4.3) 0.058
Diarrhea 27(2.9) 3(2.4) 24(2.9) 1.000 4 (1.7) 23 (3.3) 0.188
Headache 20(2.1) 2(1.6) 18(2.2) 1.000 4 (1.7) 16 (2.3) 0.554
Chronic medical illness, n (%)
Hypertension 272(28.9) 66(53.7) 206(25.2) <0.001 108 (44.6) 164 (23.5) <0.001
Coronary heart disease 74(7.9) 19(15.4) 55(6.7) 0.002 29 (12.0) 45 (6.4) 0.006
Cerebrovascular disease 64(6.8) 10(8.1) 54(6.6) 0.563 18 (7.4) 46 (6.6) 0.648
Chronic renal failure 44(4.7) 16(13.0) 28(3.4) <0.001 22 (9.1) 22 (3.1) <0.001
COPD 35(3.7) 6(4.9) 29(3.5) 0.444 12 (5.0) 23 (3.3) 0.237
Cancer 28(3.0) 5(4.1) 23(2.8) 0.398 9 (3.6) 19 (2.7) 0.492
Chronic heart failure 27(2.9) 11(8.9) 16(2.0) <0.001 17 (7.0) 10 (1.4) <0.001
Hepatitis B infection 24(2.6) 4(3.3) 20(2.4) 0.542 10 (4.1) 14 (2.0) 0.070
Pregnancy 18(1.9) 1(0.8) 17(2.1) 0.495 0 (0) 18 (2.6) 0.012
Laboratory findings at admission, median (IQR)
Leucocytes (�109/L) 6(4.3–8.8) 6.2(4.6–9.2) 5.9(4.2–8.8) 0.254 7.1 (5.0–11.0) 5.4 (4.0–8.1) <0.001
Lymphocytes (%) 15.7(8.6–23.6) 12.2(7.9–20.7) 16(8.7–23.9) 0.033 10.3 (5.9–15.9) 18.5 (11.1–25.5) <0.001
Platelets (�109/L) 207(149–280) 189(126–262) 211(152–281) 0.095 194 (133–261) 211.5 (155–285) 0.034
Erythrocytes (�1012/L) 3.9(3.5–4.3) 3.8(3.4–4.2) 3.9(3.5–4.3) 0.432 3.9 (3.5–4.3) 3.9 (3.5–4.3) 0.863
Haemoglobin (g/L) 121(109–132) 120(109–130) 121(110–132) 0.941 122 (111–133) 120 (108–131) 0.145
C-reactive protein (mg/L) 44.3(15.4–81.4) 57.7(22.6–86.9) 42(14.4–80.8) 0.039 68.2 (27.4–114.2) 36.6 (12.4–66.9) <0.001
Procalcitonin (ng/mL) 0.07(0.04–0.16) 0.1(0.05–0.32) 0.06(0.04–0.14) 0.001 0.13 (0.05–0.46) 0.06 (0.03–0.09) <0.001
ALT (U/L) 33(20–61) 34(21–56) 33(20–62) 0.747 35 (21–68) 32 (19–69) 0.142
AST (U/L) 33(22–51) 31(23–48) 33(22–51) 0.596 38 (24–60) 31 (21–47) 0.001
Creatinine (lmol/L) 59(49–74) 61(51–89) 59(48–73) 0.214 61 (51–87) 57 (48–71) 0.014
FBG (mmol/L) 6.5(5.2–8.3) 9.5(7.3–14.8) 6.1(5.1–7.6) <0.001 9.0 (7.8–11.9) 5.4 (4.9–6.1) <0.001
Potassium (mmol/L) 3.9(3.5–4.3) 4.1(3.5–4.7) 3.9(3.4–4.2) 0.036 3.9 (3.4–4.6) 3.9 (3.5–4.2) 0.800
Sodium (mmol/L) 140(137–143) 139(136–143) 140(137–144) 0.064 139 (135–143) 140 (137–144) 0.005
Chest X-ray and CT findings, n (%)
Unilateral pneumonia 400(42.5) 37(30.1) 363(44.4) 0.003 64 (26.4) 336 (48.1) <0.001
Bilateral pneumonia 541(57.5) 86(69.9) 455(55.6) 178 (73.6) 363 (51.9)
Multiple mottling and ground-glass opacity 224(23.8) 37(30.1) 187(22.9) 0.088 61 (25.2) 163 (23.3) 0.552

yrs, years; IQR, interquartile range; COPD, Chronic obstructive pulmonary disease; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; FBG, fasting blood glucose; CT, computed

tomography.
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Table 2 – Treatment, Complications and Clinical Outcomes of 941 Patients with COVID-19.

Characteristics All (n = 941) Diabetes (n = 123) Non-diabetes (n = 818) P value FBG � 7.0 mmol/l (n = 242) FBG < 7.00 mmol/l (n = 699) P value

Time from symptom onset to
admission (days), Median (IQR)

10(7–14) 10(7–15) 10(7–14) 0.216 10 (7–14) 10 (7–13) 0.050

Treatment, n (%)
Oxygen inhalation 800(85.0) 83(67.5) 717(87.7) <0.001 168 (69.4) 632 (90.4) <0.001
Non-invasive ventilation 79(8.4) 27(22.0) 52(6.4) <0.001 34 (14.0) 45 (6.4) <0.001
Invasive mechanical ventilation 40(4.3) 11(8.9) 29(3.5) 0.013 25 (10.3) 15 (2.1) <0.001
Continuous renal replacement therapy 2(0.2) 1(0.8) 1(0.1) 0.244 2 (0.8) 0 (0) 0.016
Antiviral treatment 813(86.4) 105(85.4) 708(86.6) 0.675 211 (87.2) 602 (86.1) 0.676
Glucocorticoids 363(38.6) 50(40.7) 313(38.3) 0.62 102 (42.1) 261 (37.3) 0.185
Intravenous immunoglobulin therapy 151(16.0) 20(16.3) 131(16.0) 0.896 49 (20.2) 102 (14.6) 0.039
Antibiotic treatment 455(48.4) 58(47.2) 397(48.5) 0.847 126 (52.1) 329 (47.1) 0.180
Complications, n (%)
ARDS 185(19.7) 47(38.2) 138(16.9) <0.001 71 (29.3) 114 (16.3) <0.001
Acute respiratory failure 79(8.4) 13(10.6) 66(8.1) 0.382 43 (17.8) 36 (5.2) <0.001
Acute kidney injury 40(4.3) 10(8.1) 30(3.7) 0.03 18 (7.4) 22 (3.1) 0.004
Acute heart failure 29(3.1) 8(6.5) 21(2.6) 0.043 20 (8.3) 9 (1.3) <0.001
Electrolyte disturbance 130(13.8) 18(14.6) 112(13.7) 0.779 50 (20.7) 80 (11.4) <0.001
Hypoproteinemia 80(8.5) 21(17.1) 59(7.2) 0.001 32 (13.2) 48 (6.9) 0.002

ARDS, acute respiratory distress syndrome;
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with diabetes was more prevalent than in patients without

diabetes (86 of 123 [69.9%] vs 455 of 818 [55.6%]) (P = 0.003,

Table 1).

Compared with patients with FBG < 7.0 mmol/L, patient

with FBG � 7.0 mmol/L had higher median (IQR) levels of

FBG (9.0 [7.8–11.9] mmol/L vs 5.4 [4.9–6.1] mmol/L), leucocytes

(7.1 [5.0–11.0] � 109/L vs 5.4 [4.0–8.1] � 109/L), CRP (68.2 [27.4–

114.2] mg/L vs 36.6 [12.4–66.9] mg/L), PCT (0.13 [0.05–0.46] ng/

mL vs 0.06 [0.03–0.09] ng/mL), AST (38 [24–60] U/L vs 31 [21–47]

U/L), creatinine (61 [51–87] lmol/L vs 57 [48–71] lmol/L), but a

lower proportion of lymphocytes (10.3 [5.9–15.9]% vs 18.5

[11.1–25.5]%), lower levels of platelets (194 [133–261] � 109/L

vs 211.5 [155–285] � 109/L), sodium (139 [135–143] mmol/L vs

140 [137–144] mmol/L). With regards to radiologic findings,

bilateral pneumonia in patients with FBG � 7.0 mmol/L was

more prevalent than in patients with FBG < 7.0 mmol/L (178

of 242 [73.6%] vs 363 of 699 [51.9%]) (P < 0.001, Table 1).

3.3. Treatment and complications

All patients were treated in isolation. The median duration

from symptom onset to admission was 10 (IQR, 7–14) days.

A total of 919 patients (97.7%) were treated with oxygen.

The percentages of use of oxygen inhalation, noninvasive

ventilation, and invasive mechanical ventilation were 85.0%

(800 patients), 8.4% (79 patients), and 4.3% (40 patients),

respectively. The proportion of antiviral therapy use was the

highest (813 [86.4%]), followed by antibiotic therapy (455

[48.4%]), glucocorticoids (363 [38.6%]), and intravenous

immunoglobulin therapy (151 [16%]). Only 2 patients (0.2%)

among all participants were given continuous kidney therapy.

Overall, 185 patients (19.7%) had ARDS, 130 patients had elec-

trolyte disturbance (13.8%), and 79 patients (8.4%) had acute

respiratory failure during hospitalization. Other common

complications included hypoproteinemia (80 [8.5%]), acute

kidney injury (40 [4.3%]), and acute heart failure (29 [3.1%])

(Table 2).

Compared with those without history of diabetes, patients

with diabetes required more noninvasive ventilation (27

[22.0%] vs 52 [6.4%]; P < 0.001) and invasive mechanical venti-

lation (11 [8.9%] vs 29 [3.5%]; P < 0.013) (Table 2). With regards

to complications, patients with diabetes were more likely to

develop ARDS (47 [38.2%] vs 138 [16.9%]; P < 0.001), acute kid-

ney injury (10 [8.1%] vs 30 [3.7%]; P = 0.03) and acute heart fail-

ure (8 [6.5%] vs 21 [2.6%]; P = 0.043) than those without

diabetes (Table 2).

Compared with patients with FBG < 7.0 mmol/L, patients

with FBG � 7.0 mmol/L required more noninvasive ventilation

(34 [14.0%] vs 45 [6.4%]; P < 0.001), invasive mechanical venti-

lation (25 [10.3%] vs 15 [2.1%]; P < 0.001), continuous renal

replacement therapy (2 [0.8%] vs 0 [0%]; P = 0.016), and intra-

venous immunoglobulin therapy (49 [20.2%] vs 102 [14.6%]; P <

0.001) (Table 2). With regards to complications, patients with

hyperglycemia were more likely to develop ARDS (71 [29.3%]

vs 114 [16.3%]; P < 0.001), acute respiratory failure (43 [17.8%]

vs 36 [5.2%]; P < 0.001), acute kidney injury (18 [7.4%] vs 22

[3.1%]; P = 0.004), acute heart failure (20 [8.3%] vs 9 [1.3%];

P < 0.001), electrolyte disturbance (50 [20.7%] vs 80 [11.4%];

P < 0.001) and hypoproteinemia (32 [13.2%] vs 48 [6.9%];

P = 0.002) than those with FBG < 7.0 mmol/L (Table 2).
3.4. Diabetes, FBG and mortality

On Kaplan-Meier analysis, the mortality in patients with pre-

existing diabetes was higher than that in patients without

pre-existing diabetes (21/123 [17.1%] vs 76/818 [9.3%];

P = 0.012) (Fig. 1A). The mortality difference was more pro-

nounced between patients with FBG higher and lower than

7 mmol/L (/51/245[20.1%] vs 46/696[6.6%]; P < 0.001) (Fig. 1B).

Among diabetes subjects, the mortality in patients with

FBG � 7.0 mmol/L (15/75 [20%]) was higher than that in

patients with FBG < 7.0 mmol/L (6/48 [12.5%]), however, there

was no significant difference after log-rank test (P = 0.296)

(Fig. 1C). Among non-diabetes subjects, the mortality in

patients with FBG � 7.0 mmol/L was remarkably higher than

that in patients with FBG < 7.0 mmol/L (36/167 [21.6%] vs

40/651[6.1%]; P < 0.001) (Fig. 1D).

We performed a contour plot to determine the relationship

between levels of FBG or age and mortality. Overall, the death

rate of older patients was higher, especially for the age was

greater than 60 years old (Fig. 2A). For patients with history

of diabetes, high mortality was much closely correlated with

hyperglycemia (Fig. 2B). For patients without diabetes, higher

mortality was also, to certain extent, related with hyper-

glycemia (Fig. 2C).

After adjusting age, sex, most common comorbidities of

COVID-19, inflammatory indicators and FBG levels, the uni-

variate adjusted cox proportional hazard regression model

revealed a significantly higher risk of death in COVID-19

patients with senior age, hypertension, diabetes, coronary

heart disease, cerebrovascular disease, chronic renal failure,

COPD, chronic heart failure, high levels of CRP and PCT,

FBG � 7 mmol/L. In multivariable cox regression analysis,

age (hazard ratio [HR], 1.04; 95% confidence interval [CI],

1.01–1.06), hypertension (HR, 1.89; 95%CI, 1.04–3.45), coronary

heart disease (HR, 0.42; 95%CI, 0.18–0.96), chronic renal failure

(HR, 3.17; 95%CI,1.48–6.80), chronic heart failure (HR, 3.44; 95%

CI, 1.52–7.83), CRP (HR, 1.01; 95%CI, 1.00–1.01), and FBG � 7.0

mmol/L (HR, 2.20; 95%CI, 1.21–4.03) were independent risk

factors of mortality in patients with COVID-19 (Table 3).
4. Discussion

In this retrospective analysis, we found that there was a pos-

itive relationship between pre-existing diabetes and the mor-

tality of patients who developed COVID-19, however, the

diabetes history was not an independent risk factor of death

rate in patients with COVID-19. More importantly, the present

study was the first to show that FBG � 7.0 mmol/L was a pre-

dictor of mortality in patients with COVID-19 independent of

diabetes history. Besides that, patients with diabetes revealed

senior age and much severer inflammatory responses, as well

as increased incidences of comorbidities and complications

compared with those without diabetes. When grouped by

FBG levels, in addition to above difference, patients with

FBG � 7.0 mmol/L required more treatment than patients

with FBG < 7.0 mmol/L.

It was reported that glucose control is associated with dif-

ferent outcomes in patients with COVID-19 and pre-existing

diabetes [13]. A recent study, which included 47 patients,
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Fig. 2 – Contour plot of survival probability in hospitalized patients with COVID-19. A. Mortality was higher in patients with

senior age. B. In diabetes group, mortality was higher in patients with hyperglycemia. C. In non-diabetes group, mortality

was higher in patients with hyperglycemia and senior age. FBG, fasting blood glucose.

Table 3 – Univariate and multivariate cox regression analysis on the risk factors associated with mortality in patients with
COVID-19.

Characteristics Univariate Multivariate

HR 95%CI P value HR 95%CI P value

Male 0.81 0.55–1.21 0.312 0.90 0.50–1.63 0.729
Age 1.07 1.05–1.08 <0.001 1.04 1.01–1.06 0.004
Hypertension 2.76 1.85–4.12 <0.001 1.89 1.04–3.45 0.037
Diabetes 1.78 1.10–2.89 0.019 0.67 0.32–1.39 0.280
Coronary heart disease 3.05 1.88–4.95 <0.001 0.42 0.18–0.96 0.041
Cerebrovascular disease 0.20 0.11–0.36 <0.001 0.75 0.30–1.87 0.534
Chronic renal failure 4.17 2.36–7.35 <0.001 3.17 1.48–6.80 0.003
Chronic obstructive pulmonary disease 0.24 0.13–0.43 <0.001 0.40 0.15–1.06 0.066
Chronic heart failure 7.47 4.30–12.97 <0.001 3.44 1.52–7.83 0.003
C-reactive protein (mg/L) 1.01 1.01–1.02 <0.001 1.01 1.00–1.01 <0.001
Procalcitonin (ng/mL) 1.10 1.05–1.15 <0.001 1.02 0.96–1.09 0.506
FBG � 7.0 mmol/L 3.07 2.06–4.57 <0.001 2.20 1.21–4.03 0.010

HR, hazard ratio; CI, confidence interval; FBG, fasting blood glucose.
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showed FBG associated with mortality rate in COVID-19

patients with diabetes [14]. Notably, the present study found

that, not only among known diabetes patients, but also in

all the in-hospital COVID-19 patients, FBG � 7.0 mmol/L was

an independent risk factor of mortality in patients with

COVID-19. Specifically, in patients without diabetes history,

the death rate was elevated significantly in response to hyper-

glycemia. The reasons why hyperglycemia but not diabetes

history serves as an independent factor of death rate in

COVID-19 patients appear to be due to not only the mecha-
nisms concerning the effects of hyperglycemia on inflamma-

tion and angiotensin-converting enzyme 2 (ACE2) expression,

but also the effects of diabetes-associated multifactorial fac-

tors on contributing to death in COVID-19 patients. For

instance, patients with diabetes and COVID-19 were older,

and had more severe inflammation and comorbidities,

including hypertension, coronary heart disease, chronic renal

failure and chronic heart failure, which also affected the mor-

tality rate of COVID-19. Given this, it is very likely that the role

of diabetes history as an independent risk factor for the mor-
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tality of COVID-19 was superimposed by other factors. In

addition, dissociation of hyperglycemia from diabetes history

likely also negated the role of diabetes as an independent fac-

tor for death rate in COVID-19 patients. As supporting evi-

dence, certain patients without diabetes history had

developed acute stress hyperglycemia after infection of

COVID-19 [15]. Our findings indicated that screening FBG level

is an effective and simplemethod to evaluate the prognosis of

patients with COVID-19, and intervention should be taken in

time when patients with FBG � 7.0 mmol/L regardless of the

presence or not of a history of diabetes.

We did not analyze the exact relationship between hypo-

glycemia and mortality due to the patients with FBG < 3.9 m

mol/L were rare in the present study. Actually, in both dia-

betes and non-diabetes groups, the death rates were high at

a lower level of FBG. It was worth noting that patients with

hypoglycemia were very old, and probably had a few comor-

bidities. It demonstrated that hypoglycemia appeared to

reflect a poor general health condition, rather than a direct

cause of death [16].

There are some mechanisms that FBG � 7.0 mmol/L might

play a role in COVID-19 infection and poor prognosis. Since

immunity is the first line of defense against SARS-CoV-2, it

appears that the disturbed immunity in patients with hyper-

glycemia allowed unhindered proliferation of the pathogen

within the host [17]. Hyperglycemia inhibits neutrophil

chemotaxis, decreases phagocytosis by neutrophils, macro-

phages, and monocytes, and impairs innate cell-mediated

immunity [18]. In patients with COVID-19, the proportion of

proinflammatory Th17 CD4 + T cells and cytokine levels were

elevatedwhereas peripheral counts of CD4 + and CD8 + T cells

were decreased [19]. As such, patients with hyperglycemia

may display impaired anti-viral IFN responses and delayed

activation of Th1/Th17, which contributed to hyperinflamma-

tory response [19]. On the other hand, it has been reported

that elevated blood glucose levels could directly increase glu-

cose concentrations in airway secretion, which may under-

mine the defensive ability of airway epithelia [20].

Consistently, in the present study, the proportion of lympho-

cytes was declined and the CRP levels were increased in

patients with diabetes. As substantial evidence, we revealed

that the CRP level was a risk factor of the mortality in

COVID-19. Moreover, CRP and PCT levels were elevated more

significantly in patients with diabetes who developed

COVID-19. The study by Guo et al also revealed that the serum

levels of inflammation-related biomarkers such as IL-6 and

CRP were significantly higher in COVID-19 patients with dia-

betes [8]. Accumulating evidence suggests that patients with

severe COVID-19 have increased incidence of a cytokine

storm syndrome, which would cause mortality [6,21]. Due to

exaggerated inflammatory responses, patients with hyper-

glycemia were more susceptible to cytokine storm, which

appeared to lead to rapid deterioration of COVID-19.

As the cellular receptor for SARS-CoV-2 [22] ACE2 may also

account for the association between diabetes and COVID-19.

ACE2 is abundant in the type I and II alveolar epithelial cells,

endothelial cells, kidney tubular epithelium, heart and pan-

creas [19]. Latest study confirmed human pancreatic beta

cells are highly permissive to SARS-CoV-2 infection [23]. Fur-

thermore, patients with diabetes were often treated with
the pioglitazone and liraglutide to control glucose levels,

which could upregulate ACE2 levels and facilitate SARS-CoV-

2 uptake [24,25]. This may explain, in part, increased risk of

severe infection in patients with hyperglycemia. In addition,

the clearance of SARS-CoV-2 was delayed in patients with

hyperglycemia [26]. Because of this, it is plausible that

patients with hyperglycemia are susceptible to SARS-CoV-2

infection.

Although this study included a large number of patients,

some limitations existed. Firstly, because of the logistical

restriction at the onset of these emerging infections in

Wuhan, some data were lacking from clinical examinations

of patients in isolation ward or ICU, such as glycosylated

hemoglobin levels and records of monitoring blood glucose

during in-patients. Secondly, diabetes was not subtypedwhen

patients admitted to hospital, and this may make the results

less comprehensive. Finally, the number of COVID-19 infec-

tion worldwide is increasing rapidly, the current sample is rel-

ative small, and it is only a single center study. In order to

avoid statistical bias, data from larger populations and multi-

ple centers are warranted to further confirm the results of the

present study.

Although diabetes history was associated with the mortal-

ity of patients hospitalized with COVID-19, FBG � 7.0 mmol/l

was an independent risk factor for the death of COVID-19. Our

findings presented here highlight the role for FBG screening

and glycemic control in COVID-19 management regardless

of the presence or not of a history of diabetes.
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