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Background: Diabetes is a risk factor for the progression and prognosis of coronavirus dis-

ease (COVID-19), but the relationship between glycosylated hemoglobin (HbA1c) level,

inflammation, and prognosis of COVID-19 patients has not been explored.

Methods: This was a retrospective study of COVID-19 patients who underwent an HbA1c

test. Their demographic data, medical history, signs and symptoms of COVID-19, laboratory

test results, and final outcomes of COVID-19 treatment were collected and analyzed.

Results: A total of 132 patients were included and divided into three groups based on their

blood glucose status. There were significant differences in SaO2, serum ferritin level, C-

reactive protein (CRP), erythrocyte sedimentation rate (ESR), fibrinogen (Fbg) level, and

IL6 level among the three groups. A pairwise comparison of the groups showed that groups

B and C were significantly different from group A in terms of CRP, ESR, and Fbg, IL6, and

serum ferritin levels (P < 0.05). Correlation analysis showed that there was a linear negative

correlation between SaO2 and HbA1c (r = �0.22, P = 0.01), while there was a linear positive

correlation between serum ferritin, CRP, Fbg, and ESR levels and HbA1c (P < 0.05).

Conclusions: High HbA1c level is associated with inflammation, hypercoagulability, and low

SaO2 in COVID-19 patients, and the mortality rate (27.7%) is higher in patients with dia-

betes. Determining HbA1c level after hospital admission is thus helpful assessing inflam-

mation, hypercoagulability, and prognosis of COVID-19 patients.
� 2020 Elsevier B.V. All rights reserved.
1. Introduction

Coronavirus disease (COVID-19) is caused by severe acute res-

piratory syndrome coronavirus 2 (SARS-CoV-2). This virus

mainly causes lung and immune system damage. COVID-19

is currently a global pandemic and has caused a large number
of deaths in many countries. Several studies have shown that

the severity and mortality with COVID-19 are related to age

and comorbidities including diabetes, hypertension, cardio-

vascular, and cerebrovascular diseases [1,2].

HbA1c is considered the gold standard for evaluating blood

glucose level and provides an average value of the past
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3 months, and high HbA1c level is related to the risk of com-

plications in diabetic patients [3]. However, whether the

increase in HbA1c level is related to high inflammation,

hypercoagulability, and mortality in COVID-19 patients has

not been reported. We performed a retrospective study to

evaluate the effect of high HbA1c level on mortality and

inflammation in COVID-19 patients with abnormal glucose

metabolism.

2. Materials and methods

2.1. Study participants and their evaluation

During the admission period from February 9–28, 2020, the

HbA1c levels of 136 patients tested positive for COVID-19 in

3 wards of Wuhan Tongji Hospital were determined. Four

patients were excluded from the study because the following

factors affected the HbA1c level: 2 patients were receiving glu-

cocorticoids for kidney transplantation and chronic systemic

lupus erythematosus; 1 was a hemolytic anemia patient; and

1 patient had myelosuppression after leukemia chemother-

apy. After excluding these patients, 132 patients were finally

included. The patients’ baseline demographic characteristics

are given in Table 1. COVID-19 was diagnosed based on the

‘‘The Chinese novel coronavirus pneumonia diagnosis and

treatment plan (trial version seven)” issued by the National

Health Commission of the People’s Republic of China [4]. Dia-

betes was diagnosed based on the 2019 WHO diagnostic crite-

ria for diabetes [5]. The COVID-19 patients were divided into

three groups: A, B, and C. Patients in group A had no diabetes

and their HbA1c level was �6.0; patients in group B had no

diabetes and their HbA1c level was >6.0; patients in group C

were diabetic. There were 41 patients in group A, 44 patients

in group B, and 47 patients in group C. Thirty-one patients

(66.0%) in Group C had a history of type 2 diabetes and 16
Table 1 – Demographics and baseline characteristics of COVID-1

No. (%) Total (

Age, median (IQR), y 66.0 (56.0–72.0
Gender
Male 68 (51.5)
Female 64 (48.5)
Comorbidities
Hypertension 66 (50.0)
Cardiovascular disease 22 (16.7)
Pulmonary disease 9 (6.8)
Cerebrovascular disease 10 (7.6)
Chronic kidney disease 10 (7.6)
Maintenance hemodialysis 7 (5.3)
Thyroid disease 2 (1.5)
Signs and symptoms
Fever 94 (71.2)
Cough 96 (72.7)
Fatigue 39 (29.5)
Shortness of breath 105 (79.5)
Myalgia 28 (21.2)
Diarrhea 11 (8.3)
SaO2 on admission, median (IQR), % 95 (90–97)
Time from onset to admission, median (IQR), d 14 (10.0–17.8)
patients (34.0%) were newly diagnosed with diabetes; patients

with history of diabetes received more than one oral hypo-

glycemic drug before hospital admission (the most common

drug received was metformin followed by acarbose), of which

12 patients (25.5%) were receiving insulin therapy before

admission.

Since this was a retrospective cohort study, the data per-

taining to patient characteristics, medical history, symptoms

and signs, laboratory examination results, blood oxygen satu-

ration (SaO2) at admission, and final clinical outcomes were

collected from an electronic medical record system for analy-

sis. Of all the laboratory examination results, the minimum

blood leukocyte and lymphocyte count values, and the maxi-

mum values of ferritin, CRP, interleukin, tumor necrosis

factor-a (TNF-a), and lactate dehydrogenase (LDH) levels, fib-

rinogen (Fbg), and erythrocyte sedimentation rate (ESR) were

considered in this study. The date of onset of COVID-19 was

considered based on the date of onset of symptoms. All

patients were treated in accordance with the ‘‘The Chinese

novel coronavirus pneumonia diagnosis and treatment plan

(trial version seven)” and were followed up until April 6,

2020. The study was approved by the Ethics Committee of

Peking University People’s Hospital.

3. Statistical analyses

Categorical variables are expressed in terms of frequency and

percentage, and were compared using the Chi-square test.

Continuous variables are expressed as mean ± standard devi-

ation for normal distribution and were compared by perform-

ing analysis of variance. Median and interquartile range (IQR)

were used for skewed distribution. A P-value < 0.05 was con-

sidered statistically significant. All statistical analyses were

performed using SPSS Statistics for Windows, version 24.0

(IBM, USA).
9 patients.

n = 132) A (n = 41) B (n = 44) C (n = 47)

) 64.0 (44.0–73.0) 66.0 (58.0–71.0) 68.0 (61.0–72.0)

18 (43.9) 21 (47.7) 29 (61.7)
23 (56.1) 23 (52.3) 18 (38.3)

18 (44.4) 21 (47.7) 27 (57.4)
7 (17.0) 5 (11.4) 10 (21.3)
3 (7.3) 4 (9.1) 2 (4.3)
2 (4.9) 5 (11.4) 3 (6.4)
7 (17.1) 0 3 (6.4)
4 (9.8) 0 3 (6.4)
1 (2.4) 1 (2.3) 0

26 (63.4) 34 (77.3) 34 (72.3)
31 (75.6) 27 (61.4) 38 (80.9)
11 (26.8) 14 (31.8) 14 (29.8)
32 (78.0) 34 (77.3) 39 (83.0)
6 (14.6) 15 (34.1) 7 (14.9)
3 (7.3) 3 (6.8) 5 (10.6)
96 (93–97.5) 95 (86.25–97) 93 (85–96)
13.0 (8.5–18.5) 15.0 (11–18.75) 13.0 (9–17)
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4. Results

A total of 132 patients tested positive for COVID-19 by under-

going the SARS-CoV-2 RNA test were included in our study.

Themedian age of the patients was 66 years (IQR 56–72 years),

ranging from 24 to 88 years. The number of men was 68, while

the number of women was 64. A total of 88 (66.7%) of the

patients had comorbidities, of which hypertension was the

most common (50.0%), followed by diabetes (35.6%), cardio-

vascular or cerebrovascular disease (24.2%), and chronic kid-

ney disease (7.6%). Seven patients had chronic renal failure

undergoing long-term maintenance hemodialysis and

received intermittent renal replacement therapy (IRRT) at

bedside during hospitalization. The median time from onset

to admission was 14 (IQR 10.0–17.8) days. SaO2 was 95% (IQR

90–97%) without oxygen inhalation at the time of admission,

ranging from 59% to 99% (Table 1).

The median HbA1c level was 6.4 (IQR 5.8–7.2%), and there

were significant differences among the groups with regard to

various parameters including SaO2, serum ferritin, CRP, ESR,

fibrinogen (Fbg), and IL6 levels (P < 0.01, Table 2). A pairwise

comparison within the groups showed that the differences

between groups C and A, and groups B and Awere statistically

significant in terms of ESR, CRP, serum ferritin, Fbg, and IL6

levels (Fig. 1). Correlation analysis revealed that there was a

linear negative correlation between SaO2 and HbA1c, while

there was a linear positive correlation between serum ferritin,

CRP, Fbg, and ESR levels and HbA1c (Fig. 2).

A total of 22 patients died (16.7%) during hospitalization,

including 4 deaths in group A (9.8%), 5 deaths in group B

(11.40%), and 13 deaths in group C (27.7%); All patients under-

went terminal withdrawal of mechanical ventilation. There

was a statistically significant difference between groups A

and C in terms of mortality rate (P = 0.03, Table 3).

5. Discussion

In our study, owing to the presence of acute viral infections,

we did not consider HbA1c as the diagnostic standard for dia-

betes, according to the guidelines [5]. This is the first study to

report that diabetic patients contracting COVID-19 have more

severe inflammation and higher mortality [6], and that

inflammations markers such as serum ferritin level, CRP

level, and ESR in COVID-19 cases and the coagulation factor

Fbg were positively correlated with HbA1c level, while SaO2

was negatively correlated with HbA1c level. Even in patients

with only elevated HbA1c level and no diabetes, the levels

of inflammation markers and Fbg were also significantly

increased (Fig. 1, P < 0.05). However, little is known about

the mechanism concerning the increase in the levels of

inflammation markers and HbA1c level in case of COVID-19

patients. Previous studies have shown that diabetes not only

causes epithelial dysfunction of pulmonary cilia, increased

vascular system permeability, alveolar epithelial damage,

and alveolar collapse but also contributes to abnormal

immune system function [7,8]. Similarly, in severely ill

COVID-19 patients, the lungs, spleen, and lymph node struc-

tures are damaged, and lymphocyte counts are reduced [9].

Both diabetes and COVID-19 may synergistically damage the
T



Fig. 1 – Inflammatory factors in blood and oxygen saturation among the three groups.

Fig. 2 – Correlation analysis of inflammatory factors, blood oxygen saturation, and HbA1c level.

Table 3 – Mortality rate among the three groups of COVID-19 patients.

Total (n = 132) Group A (n = 41) Group B (n = 44) Group C (n = 47) X2 P

Survivors 110 37 39 34 6.39 0.04
Non-survivors 22 4 5 13
Mortality rate 16.7% 9.8% 11.40% 27.7%

Note: Group A vs. B, P = 0.81; Group B vs. C, P = 0.05; Group A vs. C, P = 0.03.
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immune and respiratory systems. Further, diabetic patients

have more comorbidities due to which there is more target

organ damage; this together with COVID-19 leads to a more

severe inflammation, hypercoagulability, an even low oxy-

genation, and eventually higher mortality.

COVID-19 patients with higher HbA1c level may exhibit

relatively higher level of severity, and the infection itself

may also lead to an increase in HbA1c level. Previous studies

have also found that in severe acute respiratory syndrome

(SARS) patients, even those with mild symptoms (who do

not receive glucocorticoid therapy during the course of the

disease), had higher fasting blood glucose levels [10]. In our

study, after excluding treatment with exogenous corticos-

teroids, hemolysis, the HbA1c level of 66.7% (88/132) patients

was still higher than normal (4.0–6.0%), of which 12.1%

(16/132) patients were newly diagnosed with diabetes. For

the new-onset diabetes patients, previously reported studies

along with this study suggest that COVID-19 may cause and

aggravate abnormal glucose metabolism.

The possible mechanisms of COVID-19 causing abnormal

glucose metabolism include islet b cell damage and insulin

resistance. Previous studies have reported that some viruses

can directly cause pancreatic b-cell damage [11,12], and

angiotensin converting enzyme 2 (ACE2) as a SARS-CoV-2

receptor has higher expression in pancreatic endocrine tis-

sues than in exocrine tissues [13]. Autopsy showed that

although a small number of islet cells were degenerated in

pancreatic tissue, while immunohistochemical analysis and

polymerase chain reaction tests did not detect the presence

of SARS-CoV-2 in pancreatic islet cells [9], thus indicating that

there is insufficient evidence regarding SARS-CoV-2-induced

damage of islet cells. Levels of plasminogen activator inhibi-

tor 1, CRP, serum amyloid A, TNF-a, IL-1b, and IL-6 have been

shown to be increased in obese and type 2 diabetic patients.

IL-1b can cause islet b cell dysfunction and apoptosis, and

the levels of these factors can be reduced by lifestyle-related

changes and weight loss, which suggests that inflammatory

markers may be involved in islet b cell damage and insulin

resistance [14]. Inflammatory factors released in response to

SARS-CoV-2 may also be involved in islet b-cell damage and

insulin resistance resulting in abnormal glucose metabolism.

In our study, patients had 14 (IQR 10.0–17.8) days from the

onset of symptoms to admission. Abnormal glucose metabo-

lism for a long period of time may cause an increase in HBV1c

level.

There are some limitations in this study. First, it was a ret-

rospective study, and the bias caused by excluding the 4

patients may have affected the results. Second, due to the

limitation caused by the number of deaths, multivariate

regression analysis could not be performed to determine

whether the increase in HbA1c level was an independent risk

factor for the death of COVID-19 patients. Third, after 3 years

of follow-up of SARS patients, Yang et al. found that the fast-

ing blood glucose, postprandial blood glucose, and insulin

levels of the SARS group and their paired healthy non-SARS

siblings were similar, suggesting that SARS-CoV-related islet

damage and insulin resistance is for a short duration. Simi-

larly, whether the increase in HBA1c level in COVID-19

patients is transient is also uncertain due to the short obser-

vation time; hence, further investigations are required.
In conclusion, HbA1c is associated with inflammation,

hypercoagulability, and low SaO2 in COVID-19 patients, and

the mortality rate is higher in diabetic patients. Performing

the HbA1c test after admission is helpful for assessing inflam-

mation, hypercoagulability, and prognosis.
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