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Diabetes is one of the most commonly reported comorbidities among patients infected with SARS-CoV-2. This
retrospective study of patients with SARS-CoV-2 infection was conducted to evaluate the association between
blood glucose levels and the severity of COVID-19 pneumonia and patient mortality.

A total of 268 patients with confirmed SARS-CoV-2 infection were included in this retrospective study. We ob-
tained demographic characteristics, clinical symptoms, laboratory data, and survival information from patients’
electronic medical records. Blood glucose was measured on admission to the hospital. Comorbidities, includ-
ing hypertension, diabetes, chronic kidney disease, chronic liver disease, chronic obstructive pulmonary dis-
ease, and cardiovascular disease, were collected by self-reported medical history.

Significantly higher risks of severe COVID-19 were found in patients with blood glucose levels ranging from
5.53 to 7.27 mmol/L (odds ratio [OR], 3.98; 95% confidence interval [CI], 1.81-8.75) and in patients with blood
glucose >7.27 mmol/L (OR, 12.10; 95% Cl, 5.53-26.48) than in those with blood glucose <5.53 mmol/L. There
was a trend toward better survival in patients with blood glucose <5.53 mmol/L than in patients with blood
glucose from 5.53 to 7.27 mmol/L (hazard ratio [HR], 6.34; 95% Cl, 1.45-27.71) and >7.27 mmol/L (HR, 19.37;
95% Cl, 4.68-80.17). Estimated 10-day overall survival rates were 96.8%, 90.6%, and 69.3% in patients with
blood glucose <5.53 mmol/L, 5.53 to 7.27 mmol/L, and >7.27 mmol/L, respectively.

Hyperglycemia was association with severity of COVID-19 pneumonia and with increased patient mortality.
These findings support the need for blood glucose monitoring and control of hyperglycemia in patients with
COVID-19 pneumonia.

Blood Glucose ¢ COVID-19 ¢ Hyperglycemia ¢ Severe Acute Respiratory Syndrome Coronavirus 2 ¢
Survival Analysis
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Background

In December 2019, COVID-19 occurred in Wuhan, Hubei
Province, China. Severe acute respiratory syndrome corona vi-
rus 2 (SARS-CoV-2) has been regarded as the pathogen caus-
ing COVID-19 disease, which mainly invades the respiratory
tract and lungs [1]. Severe COVID-19 disease can rapidly trig-
ger acute, even lethal, lung failure [2].

Diabetes is a major cause of mortality worldwide. The associ-
ation between infection and diabetes has long been demon-
strated, and patients with diabetes have a poorer progression
and prognosis once infected than those without diabetes [3].
Diabetes and uncontrolled blood glucose levels can affect
mortality in cases of SARS-CoV infection [4]. In addition, pa-
tients with diabetes are more likely to be infected with oth-
er bacteria and viruses, including Staphylococcus aureus [5],
Mycobacterium tuberculosis [6], and MERS-CoV [7]. Diabetes
is one of the most commonly reported comorbidities among
patients infected SARS-CoV-2. Reports have shown that 22.2%
t0 26.9% of patients with severe COVID-19 have type 2 diabe-
tes [2,8,9]. Hyperglycemia can reduce the mobilization of leu-
kocytes and decrease phagocytic activity. Hyperglycemia can
impair pulmonary endothelial function and reduce antioxidant
levels. The increase of glucose levels in the lungs is related to
high lung pathogen growth and reduced intracellular bacteri-
cidal activity [10]. When patients with COVID-19 are known to
have a medical history of diabetes, doctors will control blood
glucose throughout treatment. Rather than focusing on the
relationship between diabetes and COVID-19, we focused on
the relationship between blood glucose levels and COVID-19
to avoid the impact of treatment.

Therefore, this retrospective study of patients with SARS-CoV-2
infection was conducted to evaluate the association between
blood glucose levels and the severity of COVID-19 pneumo-
nia and patient mortality.

Material and Methods

Study Population

A total of 268 patients with confirmed COVID-19 were treated
at Tongji Hospital from February 2 to March 25, 2020, in this
retrospective study. All patients met the inclusion criteria: (1)
epidemiology history, (2) positive result for SARS-Cov-2 RNA by
real-time polymerase chain reaction (PCR) or positive results of
SARS-CoV-2 IgM and IgG antibodies in serum specimens, and
(3) chest computed tomography (CT) finding abnormalities in-
dicative of viral pneumonia. Patients were excluded when there
was missing data on blood glucose levels or on the severity
of COVID-19 disease. SARS-CoV-2 was examined by real-time
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reverse transcription PCR (RT-PCR) assay. The real-time RT-PCR
assay was performed using a 2019-nCoV nucleic acid detection
kit, according to the manufacturer’s protocol (Sichuan Maccura
Biotech Co., Ltd., China). Recorded information included demo-
graphic data, clinical symptoms, laboratory data, and survival in-
formation from patients’ electronic medical records. The Ethics
Committee of Tongji Hospital (Wuhan, China) and China-Japan
Union Hospital of Jilin University approved this study.

Definitions

The hexokinase method was used to measure fasting blood
glucose levels, which were measured after overnight fasting
and before breakfast. The standard reference range was 3.9 to
6.1 mmol/L. Comorbidities, including hypertension, diabetes,
chronic kidney disease, chronic liver disease, chronic obstruc-
tive pulmonary disease, and cardiovascular disease, were based
on the patients’ self-reported medical history. Patients were di-
vided into a severe COVID-19 group and a nonsevere COVID-19
group. Classification of severe COVID-19 required at least 1 of
the following criteria: (1) respiratory rate >30/min, (2) finger
oxygen saturation <93% in a resting state, (3) arterial oxygen
tension/inspiratory oxygen fraction <300 mmHg, and (4) clin-
ical symptoms that were gradually aggravated, with lung im-
aging showed that the lesions progressed >50% within 24 to
48 h [11]. Survival time was the time between admission and
discharge from the hospital or death. The primary outcome was
defined as the in-hospital mortality of patients with COVID-19.

Statistical Analysis

The differences in baseline characteristics between the groups
were measured using the Pearson chi-squared test or Fisher’s
exact test for categorical variables and the t test or Mann-
Whitney U test for continuous variables, as appropriate. Odds
ratios (OR) of severe COVID-19 were estimated by modeling
blood glucose as a categorical variable using logistic regression.
Survival rates were calculated using the Kaplan-Meier method,
and the log-rank test was performed to assess the differenc-
es between groups. We performed multivariate Cox regression
analysis to identify the factors independently related to progno-
sis. All data were analyzed using IBM SPSS version 24.0. Results
with P<0.05 (2-tailed) were considered statistically significant.

Results

Baseline Characteristics of Patients

A total of 268 patients with COVID-19 were included in this
retrospective study. Among these patients, 96 patients had
severe COVID-19, and 172 patients had nonsevere COVID-19.
The patients’ baseline characteristics are shown in Table 1.
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Table 1. The baseline characteristics of patients with COVID-19 (n, interquartile range, or percentage).

Characteristics Total (n=268)

Severe (n=96)

Non-severe (n=172)

Age, years 57.75 (67.00,73.00)  70.00 (64.00,76.75)  65.00 (54.00,72.00) <0.001
CSex o ome
777777 Male 139 (519 58 (604) 8l @y
777777 Female 120 481 38 396 o1 (5299
comobidies @ | 090090909 N 0
777777 Hypertension 43109 (394)  27/69 (39.1)  16/40 (400) 0929
777777 Diabetes 21109 (193)  17/69 (246) 4/40 (100) 0062
777777 Cardiovascular disease 12109 (11.0)  8/69 (116 4/40 (100) 1000
777777 Chronic kidney disease ~ 1/109 (09)  1/69 (14  0/40 (00) 1000
777777 Chronic liver disease  1/109 (09) 169 (14  0/40 (00) 1000

g:‘szoarz; obstructive pulmonary 3/109 (2.8) 2/69 (2.9) 1/40 (2.5) 1.000*
Blood glucose, mmoll 620 (528,814) 742 (6021055 572 (512,689 - ©001
leukocyte count, x107L 617 (480,899) 926 (603,1235) 564 (453,698 - ©001
 Neutrophil count, «10%L 437 (3.13,7.42) 794 (4551191) 381 (261,478 . 0001
Lymphocyte count, x10/L 097 (065,1.42) 064 (045089 - 122 (085,1.60) 0001
CaTul 2450 (1600,41.00) 2900 (19.00,42.75) 2300 (1400,40.00) 0021
Castur 27.00 (19.00,4500) 4100 (2525,6200) 2350 (1800,3400)  <0.001
ool 290.00 (225.25,455.00) 480.00 (333.25,635.50) 252.50 (209.75,32875) <0001
e 1050 (7.30,1460) 1310 (9.53,1820) 950 (7.00,13.00) ©001
R | 7450 (60.25,9275) 8550 (68.25,109.75)  70.00 (59.00,8400)  <0.001
 Duration of hospitalization, days 2000 (9.25,27.00) 1600 (525,2800)  21.00 (1225,27.00) 0058

ALT — alanine aminotransferase; AST — aspartate transaminase; LDH — lactic dehydrogenase

The median age of all patients was 58 years (range 20-88
years; interquartile range, 67-73 years), and 51.9% were men.
Patients with severe COVID-19 were older than those with non-
severe COVID-19 (70 years vs 65 years) and had a higher per-
centage of men (60.4% vs 47.1%). We had comorbidity data
for only 109 patients, with 61 of 109 patients having a his-
tory of comorbidities. In the severe COVID-19 group, 38 pa-
tients had comorbidities, and 23 patients had comorbidities
in the nonsevere COVID-19 group; no significant differences
were found in comorbidities between the 2 groups (P>0.05).
Patients with severe COVID-19 also had higher neutrophil and
leukocyte counts and higher blood glucose, aspartate trans-
aminase (AST), alanine transaminase, lactate dehydrogenase
(LDH), total bilirubin, and creatinine levels and lower lympho-
cyte counts than patients with nonsevere COVID-19 (P<0.05).
We did not observe a significant difference in duration of hos-
pitalization between the 2 groups.

Association Between Blood Glucose and Severe COVID-19

When blood glucose was assessed by tertiles, significantly high-
er risks of severe COVID-19 were found in patients with blood
glucose levels ranging from 5.53 to 7.27 mmol/L (OR, 3.98; 95%
Cl, 1.81-8.75) and in patients with blood glucose levels >7.27
mmol/L (OR, 12.10; 95% Cl, 5.53-26.48) than in patients with
blood glucose levels <5.53 mmol/L. After adjusting for sex and
age by logistic regression, the ORs were 3.43 (95% Cl, 1.53-7.70)
and 8.82 (95% Cl, 3.92-19.83), respectively (Table 2).

Survival Analysis of Patients with COVID-19

The survival curve of patients with COVID-19 is shown in
Figure 1. This curve showed a trend toward better overall sur-
vival (OS) in patients with blood glucose levels of <5.53 mmol/L
than in patients with blood glucose levels ranging from 5.53 to
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Table 2. Relationship of blood glucose with the risk of severe COVID-19.

Unadjusted

Adjusted*

12.10

(5.53-26.48)

<0.001 8.82 (3.92-19.83)

* Adjusted for age and sex. Q1, <5.53 mmol/L; Q2, 5.53-7.27 mmol/L; Q3, 27.27 mmol/L.

Blood glucose + Q2+ 03+
1.00
0.75
5050
0.25
000] P<O000T
0 10 20 30 40
Days
€ 0w 65 4 14 1
S 021 91 76 53 19 3
-§ 031 90 60 45 18 6
=2 0 10 20 30 40
Days

Figure 1. Survival curve of patients with COVID-19 divided by
tertiles of blood glucose levels on admission. Q1, <5.53
mmol/L; Q2, 5.53-7.27 mmol/L; Q3, >7.27 mmol/L.

7.27 mmol/L (hazard ratio [HR], 6.34; 95% Cl, 1.45-27.71) and
>7.27 mmol/L (HR, 19.37; 95% Cl, 4.68-80.17). The estimated
10-day OS rates were 96.8%, 90.6%, and 69.3% in patients with
blood glucose levels of <5.53 mmol/L, 5.53 to 7.27 mmol/L, and
>7.27 mmol/L, respectively. Patients with blood glucose <5.53
mmol/L and patients with blood glucose levels ranging from
5.53 to 7.27 mmol/L did not reach the median survival time.
The median survival duration was 32 days in patients with
blood glucose levels of >7.27 mmol/L. The univariate log-rank
test showed that several covariates were significantly associ-
ated with OS, including leukocyte, neutrophil, and lymphocyte
counts and blood glucose, AST, LDH, total bilirubin, and creat-
inine levels (P<0.05). In multivariate Cox regression analysis,
patients with blood glucose levels of >7.27 mmol/L had poor-
er OS than those with blood glucose levels of <5.53 mmol/L
(HR, 10.13; 95% Cl, 2.37-43.31). However, there was no differ-
ence in OS between patients with blood glucose levels of <5.53
mmol/L and patients with blood glucose levels ranging from
5.53 to 7.27 mmol/L (HR, 4.22; 95% Cl, 0.94-19.01) (Table 3).
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Discussion

Diabetes is one of the leading comorbidities association with
the severity of 3 coronavirus infections, including MERS-CoV,
SARS-CoV, and SARS-CoV-2. A previous study showed that com-
pared with patients without diabetes, patients with diabetes
have a 50% higher risk of death from COVID-19 [12]. In this
retrospective study of SARS-CoV-2 infection, we found a pos-
itive association between blood glucose levels and the risk of
severe COVID-19. A similar trend was found in survival analy-
sis. Patients in the highest tertile of blood glucose levels had
the lowest survival rates. In other words, the higher the blood
glucose level, the greater the risk of severe disease or death.

The significant laboratory findings were elevated leukocyte
and neutrophil counts and low lymphocyte counts in patients
with severe COVID-19, compared with those with nonsevere
COVID-19. One study observed that patients with COVID-19
have markedly low lymphocyte counts [13]. Poorly controlled
diabetes is related to the inhibition of the lymphocyte prolif-
erative response to different stimuli, release of interleukin 10,
and the reduction in the fluidity, chemotaxis, and phagocyto-
sis of polymorphonuclear leukocytes. With the increase of gly-
cosylated hemoglobin Alc, the glycosylation degree of immu-
noglobulin in patients with diabetes increases, which directly
damages the biological function of antibodies. When patients
were grouped according to whether they had diabetes or not,
several studies revealed that the lymphocyte counts of pa-
tients with diabetes are remarkably lower than those with-
out diabetes, while leukocyte and neutrophil counts are high-
er [14,15]. In multivariate Cox regression analysis, we found
neutrophils and lymphocytes were independent prognostic
factors for mortality in patients with COVID-19.

A study conducted by Zhu et al showed that all-cause mortality
in patients with COVID-19 with well-controlled blood glucose
levels was significantly lower than that of those with poorly
controlled blood glucose [16]; this is consistent with our study.
Diabetes can be further aggravated after viral infection. Diabetes
combined with SARS-CoV-2 infection can cause higher stress
conditions and release more hyperglycemic hormones, leading
to a dramatic fluctuation of blood glucose levels and abnormal

[Chemical Abstracts/CAS]

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]



Sun Y. et al:

Blood glucose and severity of COVID-19 CLI N ICAL RES EARCH

© Med Sci Monit, 2021; 27: €932156

Table 3. Univariate and multivariate survival analysis of overall survival in patients with COVID-19.

Chara o Univariate analysis Multivariate analysis
Age, years 0.938 0.333
"""" ™
I 1129 05382368 0748
Csex 2014 o088
"""" Female . Ref
"""" Male 073 04061330 0309
' Blood glucose, mmoll 41608 0001
"""" QU ReE
"""" @ . am 093719012 0061
"""" s 10128 236843306 0002
leukocyte count, x10L 38606 - €001
"""" Normal . Ref
"""" Unnormal 1283 06242638 0498
 Neutrophil count, x10°4 52032 - ©o01
"""" Normal . Ref
"""" Ummormal 34  15537.689 0002
 lymphocyte count, x10°L 27903 ©o01
"""" Normal . Ref
"""" Ummormal 4579  1360-15416 0014
Saton 0488 0485
"""" Normal . Ref
"""" Ummormal 0870 04641632 0665
Caston 2184 ©o01
"""" Normal . Ref
"""" Unnormal  165% 08633176 0129
CwHuUL 10629 0001
"""" Normal . Ref
"""" Unnormal 2031 02516088 0502
Totalbilirubin, pmoll 14550 . 0001
"""" Normal . Ref
"""" Unnormal 2687 10756716 0035
 Creatinine, pmott. 6585 o010
"""" Normal . Ref
"""" Ummormal 14 0802579 0200

Q1, <5.53 mmol/L; Q2, 5.53-7.27 mmol/L; Q3, 27.27 mmol/L. ALT — alanine aminotransferase; AST — aspartate transaminase;
LDH - lactic dehydrogenase.
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blood glucose variability [17]. SARS-CoV and SARS-CoV-2 in-
vade cells by binding to the angiotensin-converting enzyme 2
(ACE2) receptors of host cells [18]. The ACE2 protein is widely
expressed in the human body, including in the heart and re-
spiratory tract [19]. A study showed that immunostaining of
ACE2 was stronger in islets than in exocrine tissues, suggest-
ing that ACE2 protein is present in islet B cells and SARS-Cov-2
may cause hyperglycemia by damaging islets [20]. Therefore,
COVID-19 cases with hyperglycemia have worse outcomes.
The more severe cases of COVID-19 were in men in the pres-
ent study. The expression of ACE2 protein in men was almost
3 times higher than that in women [14], which may be the rea-
son men are more susceptible to severe COVID-19.

It is very important to monitor blood glucose levels and
strengthen blood glucose control to reduce the severity of
disease and mortality in patients with diabetes and SARS-
CoV-2 infection. The results of our study showed that pa-
tients with blood glucose levels of <5.53 mmol/L had the low-
est risk of severe disease and mortality. However, this does
not mean that the lower the blood sugar, the better the out-
come. Hypoglycemia can mobilize proinflammatory monocytes
and increase the reactivity of platelets, leading to higher car-
diovascular mortality in patients with diabetes.

Zhu et al found that maintaining glycemic variability between
3.9 mmol/L and 10.0 mmol/L is associated with reduced ad-

verse outcomes and mortality [16].
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There are several limitations in our study. First, the history of
comorbidities of some patients with COVID-19 was not ob-
tained owing to the difficulty of data collection; therefore, we
did not include the history of comorbidities in the univariate
and multivariate survival analysis. Second, this retrospective
study has a small sample size, so the conclusions should be
extended to other populations with caution.

Conclusions

The findings from this retrospective study showed that hyper-
glycemia was association with the severity of COVID-19 pneu-
monia and increased patient mortality. These findings support
the need for blood glucose monitoring and control of hyper-
glycemia in patients with COVID-19 pneumonia.
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