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ABSTRACT

Introduction: Diabetes is one of the most
common comorbidities of COVID-19. We
aimed to conduct a multidimensional analysis
of risk factors associated with the severity and
mortality of patients with COVID-19 and
diabetes.

Methods: In this retrospective study involving
1443 patients with COVID-19, we analyzed the
clinical and laboratory characteristics and risk
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factors associated with disease severity in
patients with COVID-19 with and without dia-
betes. Binary logistic regression analyses were
performed to identify the risk factors associated
with mortality in patients with COVID-19 and
diabetes. The 84-day survival duration for criti-
cal patients with COVID-19 and diabetes who
had different levels of leukocytes and neu-
trophils, or treated with immunoglobulin or
not, was conducted using Kaplan-Meier sur-
vival curves.

Results: Of the 1443 patients with COVID-19,
256 (17.7%) had diabetes, had a median age of
66.0 [IQR 58.0-73.8] years, and were more likely
to develop severe (41.8% vs. 35.6%) and critical
disease (34.0% vs. 14.9%), followed by higher
mortality (21.1% vs. 7.0%), than those without
diabetes.  Higher levels of leukocytes
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(>5.37 x 10°/L), older age, and comorbid
cerebrovascular disease and chronic renal dis-
ease independently contributed to in-hospital
death of patients with COVID-19 and diabetes.
Leukocytes > 5.37 x 10°/L and the application
of immunoglobulin were associated with
shorter survival duration and lower mortality,
respectively, in critical patients with COVID-19
and diabetes.

Conclusions: More attention should be paid to
patients with COVID-19 and diabetes, especially
when they have high Ileukocyte counts
(>5.37 x 10°/L). Timely and adequate intra-
venous immunoglobulin (IVIG) use may reduce
the mortality of critical patients with COVID-19
and diabetes.

Keywords: Diabetes mellitus;
ulin; Prognosis; SARS-CoV-2

Immunoglob-

Why carry out this study?

Diabetes is one of the most common
comorbidities of COVID-19.

We aimed to conduct a multidimensional
analysis of risk factors associated with the
severity and mortality of COVID-19
patients with diabetes.

What was learned from the study?

More attention should be paid to patients
with COVID-19 and diabetes, especially
when they have high leukocyte

(> 5.37 x 10°/L) and neutrophil counts
(> 8.72 x 10?/L), older age,
cerebrovascular disease, or chronic kidney
disease.

Timely and adequate intravenous
immunoglobulin (IVIG) use may reduce
the mortality of critical COVID-19
patients with diabetes.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view
digital features for this article go to https://doi.
org/10.6084/m9.figshare.12968201.

INTRODUCTION

The spread of COVID-19, the disease caused by
the novel coronavirus SARS-CoV-2, has reached
pandemic levels and poses a threat of increased
morbidity and mortality worldwide. By July 30,
2020, the virus had caused 87,830 confirmed
cases and 4665 deaths in China and cases have
also been reported in Africa, the Americas, the
Eastern Mediterranean, Europe, Southeast Asia,
the Western Pacific, and other regions. The
disease severity varies from mild self-limiting
flu-like illness to fulminant pneumonia, respi-
ratory failure, and death.

Patients with comorbidities are more likely
to develop severe disease and subsequently
death, although the overall mortality rate of
COVID-19 is low (1.4-2.3%) [1, 2]. The high
incidence of diabetes mellitus (DM) globally
makes this particularly concerning as the
COVID-19 pandemic progresses. A study in
China showed that the most common comor-
bidities were diabetes (22.0%) and cerebrovas-
cular disease in 32 non-survivors from a group
of 52 intensive care unit patients with COVID-
19 [3]. The overall fatality rate was 2.3% in
patients with COVID-19, but was increased to
7.3% in people with diabetes, as demonstrated
by a recent summary report from the Chinese
Center for Disease Control of 72,314 cases
across the country [2]. Therefore, further
investigations about COVID-19 cases are nec-
essary to elaborate the prognostic risk factors
and effective treatment measures for those with
comorbid diabetes, and consequently to help
identify risk factors for COVID-19.

In the present study, 1443 patients with
COVID-19 were enrolled, 256 of whom had
DM. In addition to discussing the effect of DM
on the morbidity, disease characteristics, and
outcomes of patients with COVID-19, our study
further conducted multidimensional analyses
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to explore the risk factors associated with
severity and mortality of patients with COVID-
19 with or without DM, to provide useful clin-
ical information for the decision of treatment
options for patients with COVID-19 and DM.

METHODS

Study Design and Participants

For this retrospective, single-center study, we
collected the medical records of 1443 patients
in Chinese from January 1 to March 24, 2020, at
the Central Hospital of Wuhan, which is a des-
ignated hospital to treat patients with SARS-
CoV-2 pneumonia. The enrolled patients in this
study were all diagnosed with COVID-19
according to the World Health Organization
(WHO) interim guidelines [4] and had a definite
outcome (death or hospital discharge). The
study was approved by the Wuhan Central
Hospital ethics committee, and written
informed consent was waived by the ethics
commission because of the retrospective nature
of this study.

Diabetes was ascertained through a diabetes
diagnosis in medical records or a self-reported
diagnosis confirmed by medical records
reviewed by endocrinologists. Diabetes was
defined according to the WHO diagnostic cri-
teria: fasting plasma glucose > 7.0 mmol/L
(> 126 mg/dL) or 2-h plasma glu-
cose > 11.1 mmol/L (> 200 mg/dL). Diabetes
was initially treated as a categorical variable (yes
vs. no), and subsequently we divided the
patients with diabetes or without diabetes into
three subgroups (moderate, severe, and critical,
respectively) according to the severity of the
disease to elaborate the risk factors related to
disease severity [S]. Briefly, moderate grade was
defined as fever, respiratory symptoms, and
changes on lung CT scans; severe grade was
defined as respiratory rate > 30 breaths per min,
blood oxygen saturation < 93%, oxygenation
index < 300 mmHg, and/or lung infiltrates
increased > 50% within 24-48 h; and critical
grade was defined as respiratory failure, septic
shock, and/or multiple organ dysfunction or
failure. In order to demonstrate the risk factors

of death, we sorted the critically ill patients into
two groups according to the disease outcome
(survival or non-survival). The patients with
diabetes in our study were those with confirmed
diabetes prior to SARS-CoV-2 infection, exclud-
ing those with newly diagnosed diabetes during
SARS-CoV-2 infection.

Data Collection

The epidemiological, demographic, clinical
symptoms and signs, laboratory findings, man-
agement, and outcome data were obtained from
the electronic medical records system of the
Central Hospital of Wuhan. Laboratory valida-
tion of SARS-CoV-2 was performed at the Cen-
tral Hospital of Wuhan [6]. The severity of
COVID-19 was defined according to the diag-
nostic and treatment guidelines for SARS-CoV-2
issued by the Chinese National Health Com-
mittee (Version 5) [5].

Statistical Analysis

Categorical variables are presented as counts
and percentages (%), and continuous variables
are summarized using median and interquartile
range (IQR) wvalues. Categorical variables
between groups were compared using the ;> test
or Fisher’s exact test, and continuous variables
were analyzed using Students’s ttest for nor-
mally distributed data or the Mann-Whitney
U test for nonnormal distributed data. Factors
related to disease severity of patients were ana-
lyzed by an ordered logistic regression model. A
binary logistic regression analysis was applied to
determine the potential risk factors associated
with the composite endpoints, with the odds
ratio (OR) and 95% confidence interval (95%
CI) being reported. A receiver operating char-
acteristic (ROC) curve was plotted to determine
the cutoff point for the risk factors for death.
Kaplan-Meier survival curves were used to
compare the 84-day survival rate for critically ill
patients with COVID-19 and diabetes by the
log-rank test. All statistical analyses were per-
formed using SPSS 20.0 software. P values less
than 0.05 were considered significant.
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RESULTS

Characteristics and Clinical Outcomes
of Involved Patients

A total of 1443 patients diagnosed with COVID-
19 were included in our study, 256 of whom
had diabetes (17.74%). Patients with diabetes
were older (66.0 [IQR 58.0-73.8] vs. 53.0 [IQR
37.0-66.0]) and had higher frequencies of cere-
brovascular disease (23.4% vs. 6.8%), coronary
heart disease (23.8% vs. 8.2%), heart failure
3.9% vs. 1.7%), hypertension (68.0% vs.
26.0%), digestive disorder (36.7% vs. 29.7%,
including gastritis, gastric ulcer, and duodenal
ulcer), COPD (4.7% vs. 2.2%), solid tumor (6.6%
vs. 3.5%), and chronic renal disease (14.8% vs.
3.3%). The most common symptom for both
groups was fever (63.8%), followed by cough
(47.8%). Fatigue and chest tightness were less
common. Patients with diabetes had more fever
(85.9% vs. 66.3%) and felt sick and vomiting
(7.8% vs. 4.5%). According to chest CT images,
181 (70.7%) patients with diabetes showed
bilateral pneumonia, and the incidence was
higher than that of those without diabetes [739
(62.3%)].

Major laboratory markers were tracked on
admission. The blood test results of all patients
on the day of hospital admission showed not-
mal leukocyte counts. Patients with diabetes
had higher levels of leukocytes and neutrophils
and lower levels of lymphocytes and mono-
cytes. Moreover, C-reactive protein (CRP),
another indicator of inflammation, was signifi-
cantly higher in patients with diabetes than in
patients without diabetes (2.6 [IQR 0.5-5.5] vs.
0.7 [IQR 0.1-3.0]). These data showed that
patients with COVID-19 and diabetes have a
higher inflammatory state. Hemoglobin was
below the normal range in all patients, and the
hemoglobin and albumin level and albumin-to-
globulin ratios were lower in patients with dia-
betes. Indicators of coagulation function disor-
der and organ dysfunction were more serious in
patients with diabetes. These results indicated
that organ dysfunction and metabolic disorders
were more obvious in patients with diabetes

than in patients without diabetes, which may
signify a poorer prognosis of COVID-19.

Patients with diabetes had a greater occur-
rence of septic shock (3.5% vs. 1.0%) and ARDS
(acute respiratory distress syndrome, 25.0% vs.
11.5%) and were more likely to develop severe
(41.8% vs. 35.6%) and critical (34.0% vs. 14.9%)
disease. Moreover, patients with pre-existing
diabetes received significantly more intensive
integrated treatments to manage their symp-
toms of COVID-19 than those without diabetes.
Antibiotics, antifungal drugs, glucocorticoids,
and invasive and noninvasive mechanical ven-
tilation were more widely used in patients with
diabetes, who had longer hospital stays (22.5
[IQR 15-34.8] vs. 16 [IQR 10-24]) and higher
mortality (21.1% vs. 7.0%) (Table 1).

Risk Factors Associated with Disease
Severity of Patients with COVID-19

To elaborate on the factors related to disease
severity, we divided patients with COVID-19
with and without diabetes into three subgroups:
medium, severe, and critical (Table2 and
Table S1). As shown in Table 2, in both patients
with and without diabetes, the disease severity
increased with age, but there were no significant
differences of age (P = 0.309) in the three sub-
groups of patients with diabetes; however, the
difference was obvious in patients without dia-
betes (P =0.000), as most patients under
40 years old had moderate disease, and with the
increase of age, patients over 60 years old were
more likely to develop critical disease. In
patients without diabetes, the disease profile of
female patients was mostly moderate to severe,
while that of male patients was more likely to
develop into critical disease.

Among the chronic complications, the pro-
portions of cerebrovascular disease, coronary
heart disease, digestive disorders, and COPD
were significantly different in the subgroups
(moderate, severe, and critical) of patients with
and without diabetes, indicating that those
complications were closely related to disease
severity in patients with COVID-19, whether
they had diabetes or not, as shown in Table 2
and TableS2. However, there were no
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Table 1 Characteristics and clinical outcomes of patients with COVID-19 with or without diabetes

Characteristic Diabetes (z = 256)  Without diabetes (» = 1187) P

Age, median (IQR), years 66.0 (58.0-73.8) 53.0 (37.0-66.0) 0.000

Gender, %
Female 125 (48.8) 650 (54.8) 0.084
Male 131 (51.2) 537 (45.2)

Clinical symptoms, %
Fever 134 (85.9) 787 (66.3) 0.000
Cough 123 (48.0) 567 (47.8) 0.935
Fatigue 46 (18.0) 192 (162) 0.483
Chest pain 4 (1.6) 28 (2. ) 0433
Chest tightness 48 (18.8) 171 (144 0.079
Diarrhea 10 (3.9) 69 (5. ) 0.224
Headache 10 (3.9) 57 (4.8) 0.537
Feel sick and vomit 20 (7.8) 53 (4.5) 0.027
Shortness of breath 41 (16.0) 159 (13.4) 0.271

Chronic disease, %
Cerebrovascular discase 60 (23.4) 81 (6.8) 0.000
Coronary heart disease 61 (23.8) 97 (8.2) 0.000
Heart failure 10 (3.9) 20 (1.7) 0.024
Hypertension 174 (68.0) 309 (26.0) 0.000
Digestive disorder 94 (36.7) 353 (29.7) 0.028
COPD 12 (4.7) 26 (2.2) 0.024
Solid tumor 17 (6.6) 42 (35) 0.033
Chronic renal disease 38 (14.8) 39 (3.3) 0.000
Hepartitis 3(12) 14 (1.2) 1.000

Complications, %
Acute liver injury 38 (14.8) 172 (14.5) 0.884
Septic shock 9 (35) 2 (1.0) 0.006
Acute respiratory distress syndrome 64 (25.0) 136 (11.5) 0.000

Lung CT images, %
Unilateral pneumonia 36 (14.1) 264 (22.2) 0.003
Bilateral pneumonia 181 (70.7) 739 (62.3) 0.011
Normal 39 (15.2) 184 (15.5) 0.915
Multiple military mottling and ground-glass opacity 147 (57.4) 655 (55.2) 0.513
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Table 1 continued

Characteristic Diabetes (2 = 256) Without diabetes (z = 1187) P

Treatment strategies, %
Antibiotics 222 (86.7) 924 (77.8) 0.001
Antiviral drugs 240 (93.8) 1103 (92.9) 0.637
Antifungal agents 12 (4.7) 17 (1.4) 0.001
Glucocorticoids 147 (57.4) 545 (45.9) 0.001
Immunoglobulin 49 (19.1) 250 (21.1) 0.492
Invasive mechanical ventilation 36 (14.1) 61 (5.1) 0.000
Noninvasive mechanical ventilation 50 (19.5) 104 (8.8) 0.000

Hospital stays, median (IQR), days 22.5 (15.0-34.8) 16.0 (10.0-24.0) 0.000

Severity of illness, %
Moderate 62 (24.2) 552 (46.5) 0.000
Severe illness 107 (41.8) 458 (35.6)
Critical severe illness 87 (34.0) 177 (14.9)

Clinical outcomes, %
Rehabilitation discharge 202 (78.9) 1104 (93.0) 0.000
Died 54 (21.1) 83 (7.0)

Blood biochemical parameters, median (IQR)
Leukocytes (3.5-9.5 x 10°/L) 5.7 (4.6-7.5) 2 (4.1-6.6) 0.010
Neutrophils (1.8-6.3 x 10°/L) 4.0 (3.0-5.6) 3 (2.4-45) 0.000
Lymphocytes (1.1-3.2 x 10°/L) 1.1 (0.7-1.5) 3(0.9-17) 0.012
Eosinophils (0.02-0.52 x 10°/L) 0.02 (0.00-0.09) 0.03 (0.00-0.09) 0.677
Basophils (0-0.06 x 10°/L) 0.02 (0.01-0.03) 0.01 (0.01-0.02) 0.154
Lymphocyte percentage (20-50%) 18.8 (12.1-28.2) 25.7 (16.4-34.2) 0.000
Neutrophil percentage (40-75%) 71.8 (61.3-81.5) 64.4 (55.4-75.6) 0.000
Monocyte percentage (3-10%) 6.7 (4.9-8.4) 2 (54-9.1) 0.031
Eosinophil percentage (0.4-8%) 0.4 (0.0-1.6) 6 (0.0-1.7) 0.874
Basophil percentage (0-1%) 0.3 (0.2-0.4) 3 (0.2-0.4) 0.350
Platelets (125-350 x 10”/L) 188.0 (146.0-238.8)  194.0 (153.0-244.0) 0.408
Hemoglobin (130-175 g/L) 123.5 (111.0-136.0)  129.0 (120.0-140.0) 0.000
Monocytes (0.1-0.6 x 10°/L) 0.4 (0.3-0.5) 4 (0.3-0.5) 0.383
Activated partial thromboplastin time (20-40 s) 27.7 (24.4-31.9) 282 (25.3-31.1) 0.688
Fibrinogen (2-4 g/L) 3.0 (2.5-3.6) 7 (22-3.1) 0.000

A\ Adis



Infect Dis Ther (2020) 9:981-1002 987

Table 1 continued

Characteristic Diabetes (» = 256) Without diabetes (» = 1187) P
Prothrombin time (9-13 s) 116 (11.0-12.4) 115 (11.0-12.0) 0.012
International normalized ratio (0.7-1.3) 1.0 (0.9-1.1) 1.0 (0.9-1.0) 0.013
D-dimer (0-1 pg/mL) 0.9 (0.4-2.5) 0.5 (0.2-1.3) 0.025
Albumin (40-55 g/L) 36.9 (33.4-40.3) 40.0 (36.5-43.4) 0.000
Globulin (20-40 g/L) 283 (25.2-31.8) 27.3 (24.2-30.8) 0.136
Albumin-to-globulin ratio (1.2-2.4) 1.3 (1.1-15) 15 (1.2-17) 0.000
Alanine aminotransferase (9-50 U/L) 19.0 (12.8-31.5) 202 (13.5-32.2) 0.634
Aspartate aminotransferase (15-40 U/L) 209 (15.2-32.2) 209 (16.0-29.3) 0.934
Total bilirubin (2-20.4 pmol/L) 102 (7.0-14.0) 9.6 (7.2-13.2) 0.150
Serum urea (1.7-8.3 mmol/L) 5.1 (3.8-6.9) 4.1 (32-5.1) 0.000
Serum creatinine (57-111 pmol/L) 67.8 (53.4-89.5) 65.1 (51.7-79.2) 0015
Alkaline phosphatase (40-150 U/L) 604 (50.0-62.0) 604 (47.0-60.4) 0.058
Sodium ion (137-147 mmol/L) 140.2 (137.0-142.0) 1402 (139.0-141.0) 0.147
Potassium ion (3.5-5.3 mmol/L) 3.9 (3.6-4.1) 3.9 (3.8-3.9) 0.149
Calcium ion (1.15-1.35 mmol/L) 0.85 (0.73-0.99) 0.85 (0.85-0.92) 0374
Creatine kinase (38-174 U/L) 88.0 (49.0-129.0) 810 (49.0-125.1) 0711
Lactate dehydrogenase (80-285 U/L) 206.0 (162.3-244.0)  185.0 (147.0-212.0) 0.005
Angiotensin-converting enzyme (12-68 U/L) 22.3 (19.0-24.0) 22.3 (19.9-23.4) 0916
Creatine kinase isoenzyme (0-25 TU/L) 9.3 (6.0-12.0) 8.0 (6.0-9.8) 0.166
alpha-Hydroxybutyrate dehydrogenase (72-182 U/L)  163.5 (126.0-194.0)  145.0 (116.0-164.0) 0.003
v-Glutamyltransferase (10-60 U/L) 243 (162-41.8) 22.0 (13.7-37.8) 0.192
B-type brain natriuretic peptide (< 125 pg/mL) 162.0 (64.0-327.8) 1940 (31.7-327.8) 0.203
Troponin (< 0.03 pg/L) 0.02 (0.01-0.07) 0.01 (0.00-0.07) 0224
Glucose (3.9-6.1 mmol/L) 8.3 (6.1-11.6) 5.2 (4.7-6.2) 0.000
Procalcitonin (< 0.04 ng/mL) 0.08 (0.05-0.20) 0.05 (0.04-0.10) 0.966
C-reactive protein (0-0.5 mg/dL) 2.6 (0.5-5.5) 0.7 (0.1-3.0) 0.000

Viral nucleic acid (negative), %, test for the first time
Negative 180 (70.3) 832 (70.1) 0.944
Positive 76 (29.7) 355 (29.9)

Data are presented as 7 (%) or median (IQR). P values indicate differences between patients with diabetes and those
without diabetes. P < 0.05 was considered statistically significant

COPD chronic obstructive pulmonary disease
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significant differences in the proportion of
heart  failure (P =0.562), hypertension
(P = 0.406), solid tumor (P = 0.194), chronic
renal disease (P =0.055), and hepatitis
(P =0.186) among different subgroups of
patients with diabetes. The proportion of heart
failure (P = 0.000) and hypertension (P = 0.000)
were significantly different among subgroups of
patients without diabetes, and the higher the
proportion of those complications, the more
severe was the patient’s condition.

In terms of treatment, the application of
glucocorticoids and immunoglobulin was clo-
sely related to the severity of the disease. The
more severe the patient’s condition on admis-
sion, the greater was the likelihood of gluco-
corticoids and immunoglobulin administration.

Risk Factors for Mortality in Patients
with COVID-19 with or Without Diabetes

To further identify the risk factors related to the
mortality of critically ill patients with COVID-
19, we divided critically ill patients into two
subgroups based on disease outcomes: death
and survival. As shown in Table 3, the mortality
rate of critical patients with COVID-19 and
diabetes was 62.1% (54/87) and that of patients
with COVID-19 without diabetes was 46.9%
(83/177). Age was undoubtedly an important
indicator of disease outcome in critically ill
patients; the older the patient, the higher was
the risk of death. Furthermore, the age of non-
survivors in patients with COVID-19 and dia-
betes was younger than that in patients without
diabetes (69.5 [IQR 53.5-81.3] vs. 75.0 [IQR
66.0-85.0]). Regardless of whether patients with
COVID-19 had diabetes or not, those with
cerebrovascular disease and chronic kidney
disease had higher mortality. Combined with
Table 2, cerebrovascular disease was closely
related to the disease severity and mortality of
patients with COVID-19, which may be an
effective indicator to evaluate the disease pro-
gression and prognosis of patients with COVID-
19, while hypertension may be an independent
risk factor for progression and outcome only in
patients with COVID-19 without diabetes.

In the blood test parameters in Table 3, we
observed that the levels of leukocytes, neu-
trophils, serum urea, serum creatinine, creatine
kinase isoenzyme, and procalcitonin were
associated with a poor prognosis in patients
with COVID-19. The levels of hemoglobin,
prothrombin time, albumin, albumin-to-glob-
ulin ratio, alpha-hydroxybutyrate dehydroge-
nase, B-type brain natriuretic peptide, and
troponin were different between survivor and
non-survivor in patients without diabetes, but
not in patients with diabetes. Lung CT imaging
data showed that among the survivors, the
proportion of patients with double pneumonia
and multiple military mottling and ground-
glass opacities was higher.

In critical patients with COVID-19 and dia-
betes, there were no significant differences in
the use of antibiotics, antivirals, and glucocor-
ticoids between survivors and non-survivors.
We found a positive correlation between the use
of immunoglobulin and survival in patients
with COVID-19 and diabetes.

Risk Factors for Non-survivors
in the Critical Group with Diabetes

The significant risk factors (Table 3) were ana-
lyzed using binary logistic regression taking
death as the dependent variable. Nine variables,
namely age, cerebrovascular disease, chronic
renal disease, bilateral pneumonia, multiple
military mottling and ground-glass opacities,
immunoglobulin, noninvasive mechanical
ventilation, leukocyte and neutrophil count,
were independent risk factors for in-hospital
death in patients with COVID-19 and diabetes.
Even after adjustment for age, cerebrovascular
disease, chronic renal disease, bilateral pneu-
monia, multiple military mottling and ground-
glass opacities, immunoglobulin, and noninva-
sive mechanical ventilation, the counts of
leukocytes and neutrophils maintained a sig-
nificant association with a lower odds ratio (OR)
for risk of death in the critical group with dia-
betes (all P < 0.05) (Table 4).

To further illustrate the relationship between
the application of immunoglobulin or nonin-
vasive mechanical ventilation and mortality in
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critical patients with COVID-19 and diabetes,
we analyzed the characteristics of those patients
who wuse immunoglobulin and noninvasive
mechanical ventilation or not, and found that
in immunoglobulin-free group, the rates of
hypertension and mortality were higher
(Table S3); after adjustment for hypertension,
there was still a significant association between
immunoglobulin use and mortality in critically
ill patients with diabetes (Table 4). Whereas,
patients who did not use noninvasive mechan-
ical ventilation had higher rate of cerebrovas-
cular disease and mortality, and the incidence
of ARDS and use of glucocorticoids were lower
(Table S4). After adjustment for cerebrovascular
disease, ARDS, and glucocorticoids, we found
that noninvasive mechanical ventilation was
not associated with mortality of critically ill
patients with COVID-19 and diabetes (Table 4).

A ROC curve analysis was performed to ver-
ify the diagnostic accuracy of the count of
leukocytes and neutrophils for the risk of death
in the critical group with diabetes. The area
under the curve (AUC) for leukocytes and neu-
trophils was 0.68 (95% CI 0.57-0.80, P < 0.01)
and 0.65 (95% CI 0.53-0.76, P < 0.05), respec-
tively. The optimal cutoff points for leukocytes
and neutrophils were 5.37 x 10°/L and
8.72 x 10°/L, respectively. At this level, the
Youden index was 0.35 (leukocytes) and 0.34
(neutrophils); sensitivity was 74.07% (leuko-
cytes, 95% CI 0.60-0.85) and 42.59% (neu-
trophils, 95% CI 0.27-0.57); and specificity was
60.61% (leukocytes, 95% CI 0.42-0.77) and
90.91% (neutrophils, 95% CI 0.76-0.98). The
AUC for leukocytes was higher than that for
neutrophils (Fig. 1a, b). Therefore, leukocytes
may be a better predictive marker (cutoff point
5.37 x 10%/L) for the risk of death in the critical
group with diabetes.

The Kaplan-Meier survival curve also
showed a trend toward poorer survival in
patients with COVID-19 and diabetes whose
leukocytes were > 5.37 x 10°/L than for those
whose leukocytes were < 5.37 x 10°/L
(P =0.0448), and the HR was 1.784 (95% CI
1.014-3.140) (Fig. 1c). However, there was no
difference in survival time between patients
with COVID-19 and diabetes whose neutrophils
were > 8.72 x 10°/L  and  those  whose

neutrophils were < 8.72 x 10°/L (P = 0.1426).
Moreover, patients treated with immunoglobu-
lin had longer survival times than patients who
did not receive IVIG, P < 0.05 [HR 0.5278 (95%
CI 0.2891-0.9621)].

DISCUSSION

Our study analyzed the characteristics of
patients with COVID-19 with and without dia-
betes. Among patients hospitalized with
COVID-19, the prevalence of diabetes was
17.7%. Patients with diabetes were older (66.0
[IQR 58.0-73.8]) and more likely to have
chronic complications. Consistent with previ-
ous publications [7, 8], the most common
symptoms for patients with COVID-19 were
fever and cough. Patients with diabetes were
more likely to suffer bilateral pneumonia, more
severe organ dysfunction, and metabolic disor-
der, so they had a greater occurrence of septic
shock and ARDS, more severe disease, and a
significantly higher mortality. Since diabetes
has more significant harmful effects on
microvascular and macrovascular systems and
digestive system functions [9] when cere-
brovascular diseases, coronary heart disease,
hypertension, and digestive disorders coexist
with diabetes, they affect each other, forming a
vicious cycle, and patients’ conditions are more
likely to develop into critical illness.

Based on the pathological mechanism of
diabetes and its influence on other systems
(immune system, etc.) [10, 11], immune dys-
regulation (impaired neutrophil function and
reduced T cell-mediated immune response [12])
and the exaggerated pro-inflammatory cytokine
response [13] might be the key drivers of poor
clinical outcomes in patients with COVID-19
and diabetes. Moreover, the cell surface receptor
for SARS-CoV-2, angiotensin-converting
enzyme 2 (ACE2) [14], can be upregulated by
thiazolidinediones (a class of insulin sensitizer),
which may have contributed to the disease
progression of patients with COVID-19 and
diabetes. The difference of disease profile
between male and female individuals may be
due to the high expression of ACE2 in the testis,
which increased the duration of SARS-CoV-2
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Table 4 Risk factors for non-survivors (7 = 54) in the critical group with diabetes by binary logistic regression analysis

OR 95% CIforOR P OR  95% CI for OR P
Age 0.949 0.914-0.985 0.006 - - -
Cerebrovascular discase 0.149  0.046-0.480 0.001 - - -
Chronic renal discase 0260 0.069-0.981 0.047 - - -
Bilateral pneumonia 4000 1485-10.722  0.006
Multiple military mottling and ground-glass opacity 3.351 1.329-8.449 0.010
Immunoglobulin 4706 1.750-12.653  0.002 49137 1.759-13717"  0.002
Noninvasive mechanical ventilation 2.872 1.129-7.306 0.027 1.757% 0375-8236" 0475
Leukocytes 0.848 0.749-0.962 0.010 0.759° 0.611-0.944°  0.013°
Neutrophils 0.852  0.749-0.968 0.014 0.761° 0.606-0.955°  0.019°

CI confidence interval
T Adjusted for hypertension

* Adjusted for cerebrovascular disease, glucocorticoids, and acute respiratory distress syndrome
S Adjusted for age, cerebrovascular disease, chronic renal disease, bilateral pneumonia, multiple military mottling and

ground—glass opacity, immunoglobulin, and noninvasive mechanical ventilation. Patients with diabetes in the critical group

were included in the analysis

virus in the body and made it more difficult to
clear the virus, thus causing higher disease
severity in male patients [15].

With the increase in disease severity,
patients’ inflammatory indicators, p-dimer and
fibrinogen levels, and hepatic and renal dys-
function indicators were significantly upregu-
lated. Blood glucose levels on admission were
also elevated with the increase in disease
severity, and it was higher and changed more
significantly in patients with COVID-19 and
diabetes. Infection of SARS-CoV-2 in patients
with diabetes might trigger a stress response and
increased secretion of hyperglycemic hor-
mones, such as glucocorticoids and cate-
cholamines, which results in elevated blood
glucose, abnormal glucose variability, and dia-
betic complications. The use of glucocorticoids
for treatment will also have the aforementioned
negative effects. Although there was no signifi-
cant association between blood glucose levels
on admission and mortality in patients with
COVID-19, timely and standardized blood glu-
cose management for patients with COVID-19
and diabetes is urgently needed. Li et al. found
that, compared with individuals with poor

blood glucose control (blood glucose variability
in the upper limit of 10.0 mmol/L), the mor-
tality rate of individuals with good blood glu-
cose control (blood glucose variability in the
range of 3.9-10.0 mmol/L) was significantly
reduced (1.1% vs. 11.0%). Moreover, good
blood glucose control will enable cured patients
to have a better state of recovery after a negative
viral nucleic acid test, with less multiorgan
dysfunction. Therefore, good blood glucose
control is an effective auxiliary measure for the
treatment of patients with COVID-19 [16].
Leukocytes > 5.37 x 10°/L was associated
with a higher risk of death and shorter survival
time in patients with COVID-19 and diabetes.
Leukocytes and neutrophils are indicators of
inflammation. Critical patients with COVID-19
exhibited extremely high inflammatory param-
eters [17], and previous studies reported that the
association between diabetes and lung dys-
function may be partly explained by systemic
inflammation [18, 19]. Therefore, consideration
of inflammatory responses is necessary when
clinically managing patients with diabetes who
have COVID-19, and the determination of how
to block inflammation and when to initiate
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Fig. 1 a, b ROC analysis of leukocytes and neutrophils for
the risk of death in the critical group with diabetes
(n = 87). ¢, d Kaplan—Meier survival curve for critically ill

anti-inflammatory therapy is critical for reduc-
ing the death rate of COVID-19.
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patients with COVID-19 and diabetes with different
counts of leukocytes (P = 0.0448) and neutrophils
(P = 0.1426), and who use immunoglobulin or not (e)

Consistent with previous studies [20], our
binary logistic regression analysis showed that
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age, cerebrovascular disease, and chronic renal
disease were independent risk factors for death
in patients with COVID-19 and diabetes. Stud-
ies have shown that hypertension was the most
common comorbidity in patients with COVID-
19, followed by diabetes and coronary heart
disease [20], and hypertension was a risk factor
for disease progression in patients with COVID-
19 [21]. However, we found no association
between hypertension and poor outcomes in
patients with COVID-19 and diabetes, but did
find an association in patients with COVID-19
without diabetes, which may demonstrate that
the impact of diabetes on disease severity and
mortality in patients with COVID-19 was
greater than that of hypertension. Age-depen-
dent decreases in cellular and humoral immune
function in elderly patients have been reported
before, especially with regard to adaptive
immune function [22]. The high risks of elderly
patients with diabetes could be due to their
poor overall health condition and greater
number of comorbidities [7].

In terms of treatment measures, we found
that the use of immunoglobulin increased with
the severity of the disease, and it was associated
with lower death in patients with COVID-19
and diabetes. We found that albumin, hemo-
globin level, and the albumin-to-globulin ratio
were obviously lower in patients with COVID-
19 and diabetes than in those without diabetes,
and the levels decreased with increasing disease
severity. Moreover, these indicators were lower
in patients who died than those who survived,
although there was no significant difference,
suggesting that patients’ nutritional status and
immune function were worsening with the
progression of the disease. IVIG could signifi-
cantly increase the serum IgG level, not only
improving the patient’s ability to resist infec-
tions and reduce the incidence of complications
but also significantly reducing the duration of
antibiotic use and hospital stay [23]. IVIG plays
an important role in modulating immune
function, especially in a hyperinflammatory
state. Therefore, active and adequate use of
immunoglobulin may be an effective means to
reduce mortality in critically ill patients with
COVID-19 and diabetes.

Diabetes is a chronic inflammatory meta-
bolic disease that is accompanied by damage to
multiple organ system functions, such as the
cardiovascular, cerebrovascular, kidney, and
digestive systems [9]. Patients with COVID-19
were in a hyperinflammatory state, especially
critically ill patients, who were more likely to
suffer “cytokine storm”; therefore, during the
progression of disease, the inflammatory
biomarkers and metabolic or organ dysfunction
indicators were not significantly different
among the subgroups (moderate, severe, and
critical) in patients with COVID-19 and dia-
betes. This phenomenon also suggested that
diabetes played a vital role in influencing dis-
ease severity and mortality in patients with
COVID-19, and the changes in many indicators
(such as hypertension and heart failure) were
not sufficient to affect the disease progress in
patients with COVID-19 and diabetes.

As a result of the retrospective nature of the
study and the unprecedented scale of the
COVID-19 pandemic, this study has several
limitations. (1) We have not distinguished “di-
abetes” as type 1 diabetes and type 2 diabetes.
(2) Missing data on some variables, such as
detailed information on blood parameters, may
cause bias in the estimation and a reduction in
the representativeness of the samples. (3) The
laboratory parameters were measured upon
admission and may indicate the severity of
COVID-19. The causal relationship between
abnormal laboratory findings and severity could
not be determined. (4) Other diabetes-associ-
ated parameters, including glycated hemoglo-
bin, “peak levels” or “postprandial levels” of
plasma glucose could better reflect the associa-
tion of plasma glucose control and mortality in
patients with COVID-19 if that data was
available.

CONCLUSION

Compared with patients with COVID-19 with-
out diabetes, patients with comorbid diabetes
had more severe disease and higher mortality.
Age, cerebrovascular disease, coronary heart
disease, digestive disorders, and COPD were
associated with disease severity in patients with
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or without diabetes, while heart failure and
hypertension were related to disease severity in
patients without diabetes only. More attention
should be paid to patients with COVID-19 and
diabetes, especially when they have high
leukocyte (> 5.37 x 10°/L) and neutrophil
counts (> 8.72 x 10°/L), older age, cerebrovas-
cular disease, or chronic kidney disease, owing
to cases of missed diagnosis and rapid disease
deterioration. Leukocytes (> 5.37 x 10°/L) were
associated with higher mortality and shorter
survival time in critically ill patients with
COVID-19 and diabetes. In clinical practice,
timely and adequate immunoglobulin use in
critical patients may reduce the mortality of
patients with COVID-19 and diabetes.
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