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Purpose: The pandemic of coronavirus disease 2019 (COVID-19) has highlighted the intricate relationship between underlying
conditions and death. We designed this study to determine whether metformin therapy for type 2 diabetes mellitus (T2D) is associated
with low in-hospital mortality in patients hospitalized for COVID-19.

Materials and Methods: This was a retrospective study including patients with COVID-19 and T2D in Wuhan, from February 4th to
April 11th, 2020. Patients were divided into two groups according to metformin exposure. The hazard ratio (HR) of COVID-19-related
mortality and invasive mechanical ventilation was estimated using Cox regression.

Results: There were 571 T2D patients among the 4330 confirmed COVID-19 patients. Of those patients, 241 received metformin
therapy. The in-hospital mortality and invasive mechanical ventilation of metformin group was lower than non-metformin group. In the
multivariate model, metformin use was linked to a decreased in-hospital mortality and invasive mechanical ventilation when compared
with that of the control group (HR: 0.376 [95% CI 0.154-0.922]; P = 0.033).

Conclusion: Our study indicated that metformin therapy was associated with decreased death risk in COVID-19 patients with T2D.
Keywords: COVID-19, diabetes mellitus, metformin, mortality

Introduction

Coronavirus disease 2019 (COVID-19) was brought on by the severe acute respiratory syndrome coronavirus 2 (SARS-
COV-2) infection, which has never before spread on such a massive worldwide scale. Type 2 diabetes (T2D) has been
proven to be one of the most significant and frequent risk factors for COVID-19 mortality in numerous observational
studies around the world,' which significantly raises the risk of death and adverse complications in people with COVID-
19.%2 Besides, diabetes increases the risk of acute respiratory distress syndrome and artificial ventilation in intensive care
units and almost double the mortality rate.*> Pharmacological treatment of T2D now includes several new medications
that compete with previous oral antidiabetic drugs. Nevertheless, metformin continues to be the first-line anti-diabetic
medication for the treatment of hyperglycemia in patients with T2D.® As a first-line hypoglycemic therapy with good
safety profile, a broad spectrum of clinical benefits and low cost, it is extensively used around the world, including in
developing countries.” The potent immunomodulatory and anti-inflammatory properties of metformin imply that they
might be useful against coronaviral infections.® In fact, observational studies have shown that metformin significantly
improves immune cell activity and the generation of pro-inflammatory cytokines in individuals with viral and bacterial
pneumonia.®’

Studies have shown that molecular mechanism of metformin intervention in SARS-COV2 pathogenesis in humans: it
increases the stability of membrane angiotensin-converting enzyme 2 (ACE2) in respiratory system epithelial cells,
through 5°-AMP-activated protein kinase (AMPK) signaling and subsequently reduces the rate of SARS-COV2
infection.'® In addition, metformin lessens the activity of dipeptidyl peptidase-4 (DPP4, another receptor for viruses)
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and decreases the adhesion of SARS-COV2 on T cells. Along the way, the modulatory effects of metformin on ACE2
and DPP4 could modulate the immune response to SARS-COV2 and control the inflammatory processes.® Thus, it is
hypothesized that the immunomodulatory properties of metformin and the management of blood glucose levels may have
a beneficial effect on patient prognosis.® On March 6, 2023, a joint study from institutions including the University of
Minnesota and Johns Hopkins University was published on the preprints with The Lancet. This multicenter, four-blind,
parallel-group randomized Phase III clinical trial (COVID-OUT) showed that metformin can reduce the risk of long
COVID by 42% when given early in COVID-19 infection, and it can further reduce the incidence of long COVID by
63% if given within four days of the onset of symptoms."'

The large-scale vaccine inoculation has established an effective immune barrier. But considering the symbiotic
possibility of the COVID-19, and the sizeable population of people with COVID-19 and pre-existing T2D who could
be treated by metformin, information on the clinical impact of its usage in the context of COVID-19 would have
significant and immediate implications. Our aims of this study were to evaluate the association of metformin with clinical
outcomes in COVID-19 patients with T2D.

Materials and Methods

Study Design

This was a retrospective cohort study of T2D patients confirmed COVID-19 between February 4th to April 11th, 2020,
who admitted to Taikang Tongji and Huoshenshan hospital in Wuhan city, China. The two hospitals are general hospitals
that focused on the treatment of COVID-19 patients. The WHO interim recommendations and the Clinical Guideline for
COVID-19 Diagnosis and Treatment Protocol released by the National Health Commission of China were followed in
the diagnosis of COVID-19. The management of COVID-19 patients with T2D was in accordance with the guidelines
recommended by the Chinese Diabetes Society (Diabetes Branch of Chinese Medical Association, 2020).'? What’s more,
this study was approved by the Ethics Committee of Army Medical center of Army Medical Center of People’s
Liberation Army (2021(154)). Written consent was waived because the data were anonymous and retrospective; the
study involved no more than minimal risk; and the waiver would not adversely affect the rights and welfare of the
participants. All clinical investigations were carried out in conformity with the principles outlined in the Helsinki
Declaration.

Inclusion and Exclusion Criteria

We used the following inclusion and exclusion criteria to identify the study cohort. Inclusion criteria included 1) 18 years
of age or older; 2) a diagnosis of COVID-19 and admission to both hospitals between February 4th to April 11th, 2020;
and 3) a diagnosis of diabetes and/or a history of diabetes. Exclusion criteria included pregnancy, type 1 diabetes, acute
heart failure, greater than stage 4 renal insufficiency, acute liver failure, missing all or almost all data on laboratory and
clinical characteristics and patients who were not on antidiabetic medications during hospitalization. Due to the
emergency nature of the patient’s income and lack of HbAlc, we diagnosed diabetic patients by questioning those
previously diagnosed with diabetes and random blood glucose levels. A confirmed COVID-19 case was defined by RT-
PCR results of SARS-CoV-2 virus nucleic acid testing in respiratory specimens. Confirmed patients were divided into
four categories: mild form, moderate form, severe form, and critical form, according to the Novel Coronavirus
Pneumonia Diagnosis and Treatment plan (8th).

Patient Assessment and Data Collection

The clinical characteristics (age, gender and height, weight), clinical symptoms (fever, cough, and dyspnea), comorbid-
ities (hypertension, diabetes and coronary heart disease [CHD]), antidiabetic therapies during hospitalization, non-
antidiabetic therapies (traditional Chinese medicine, antiviral drugs and glucocorticoids), and clinical outcomes were
extracted from the electronic medical system. Laboratory data on the routine blood test, blood glucose, creatine kinase-
myocardial band (CK-MB), alanine aminotransferase (ALT), lactic dehydrogenase (LDH), and blood urea nitrogen
(BUN) were collected from the laboratory information system. Chest severity was determined by CT of the lungs. The
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laboratory data in this study were collected when patients with COVID-19 were admitted. In order to prevent the
potential of identifying specific patients, personnel information on patients was anonymous, and each patient was given
a unique ID. The above data are extracted from standardized electronic medical records, and the data are carefully
reviewed and validated by a group of knowledgeable doctors meticulously analyze, confirm, and double-check the
information to assure correctness.

Definition of Clinical Endpoint

The primary endpoint was a composite endpoint of in-hospital mortality and invasive mechanical ventilation. The
secondary endpoints were the occurrence of acute cardiac events, severe respiratory failure, acute respiratory distress
syndrome (ARDS), and secondary infection. Acute cardiac events are defined as all cardiac conditions, including major
adverse cardiovascular events (MACE), major adverse cardiac and cerebrovascular events (MACCE), acute exacerbation
of heart failure, cardiac arrest, malignant arrhythmia, heart attack, acute exacerbation of heart failure, and cardiac arrest.
Severe respiratory failure (Brescia-COVID > 3, defined by the necessity of high frequency nasal ventilation, CPAP, non-
invasive ventilation, mechanical ventilation, or mortality due to respiratory failure),'* ICU admission, or death. ARDS
was defined according to the WHO interim guideline “Clinical management of severe acute respiratory infections in the

setting of suspected novel coronavirus (2019-nCoV) infection”.'*

Cox Regression Analysis

The risk of primary and secondary endpoints were calculated using the Cox proportional regression model comparing the
metformin group versus the non-metformin group. Metformin exposure status was defined daily during follow-up based
on medication history until the emergence of outcomes (in-hospital mortality and invasive mechanical ventilation, acute
cardiac events, respiratory failure, ARDS, acute kidney injury, and secondary infection). In the Cox analysis, individuals
discharged from the hospital were considered “0 risk” for two main reasons but data were not reviewed. First, patients
with COVID-19 were discharged only if they had significant resolution of symptoms due to two consecutive negative
viral PCRs. Second, individuals discharged from the hospital are quarantined for an additional 2 weeks. Therefore,
individuals who are discharged from the hospital are unlikely to die from COVID-19, and information about their
survival can still be obtained after being discharged.'® The association of the treatment and clinical outcomes was
assessed by multivariate Cox regression analysis before and after propensity score matching between the metformin
group and the non-metformin group. We performed a multivariate Cox regression model adjusted for these baseline.
These potential confounding variables included in the multivariate Cox regression model included age, sex, CHD,
COPD, blood glucose, insulin, Acarbose. Adjusted hazard ratios (95% confidence intervals) were calculated for mortality
using Cox models.

Statistical Analysis

Data were presented as the median and interquartile range (IQR) for continuous variables and frequency rates and
percentage (%) for categorical variables. Student’s t-tests (normally distributed) or Mann—Whitney U-test (nonnormally
distributed) were used for comparison of continuous variables between 2 groups, and y*-test or Fisher’s exact test were
used to analyze the comparison of categorical variables. Survival curves was described by the Kaplan-Meier method and
compared with the Log rank test. p < 0.05 was considered statistically significant. Statistical analyses were performed
using SPSS (IBM Corp, Armonk, NY, USA) version 23.0.

Results

Demographics and Characteristics of Study Cohort

A total of 571 (13.2%) consecutive patients with T2D from a cohort of 4330 hospitalized patients with confirmed COVID-19
from Taikang Tongji and Huoshenshan hospital, Wuhan, China, were included in this study. Among of the 571 confirmed
patients, 306 patients (53.6%) were male (Table 1). The median age was 65 (IQR 57-72) years. Among those patients, 241
subjects (42.2%) treated with metformin or metformin plus other anti-diabetic drugs (referred to as the metformin group) and
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Table | Baseline Demographics and Clinical Characteristics in COVID-19 Patients with T2D Stratified by Metformin

All Patients (n=571) Metformin (n=241) Non-Metformin (n=330) P

Age, years 65.0(57.0-72.0) 63.0(56.0-70.0) 66.0(60.0-73.0) <0.001
Gender, male (%) 306(53.6) 129(53.5) 177(53.6) NS
Respiratory rate, breaths/min 20.0(19.0-21.0) 20.0(18.0-20.0) 20.0(19.0-22.0) 0.002
Systolic blood pressure, mmHg 134.0(123.0-145.0) 135.0(122.0-144.8) 134.0(124.0-145.0) 0.831
Diastolic blood pressure, mmHg | 80.0(74.0-88.0) 81.0(74.0-89.8) 80.0(75.0-88.0) 0.169
Severity categories (n,%) 0.018
Mild 357(62.5%) 158(65.6%) 199(60.3%)

Moderate 4(0.7%) 3(1.2%) 1(0.3%)

Severe 174(30.5%) 73(30.3%) 101(30.6%)

Critical 36(6.3%) 7(2.9%) 29(8.8%)

Symptoms onset to admission, n (%)

Fever 379(66.4%) 158 (65.6%) 221 (67.0%) 0.788
Snot 15(2.6%) 9(3.7%) 6(1.8%) 0.189
Sore throat 25(4.4%) 12(5.0%) 13(3.9%) 0.680
Cough 369(64.9%) 159(66.0%) 210(63.6%) 0.595
Expectoration 80(14.0%) 40(16.6%) 40(12.1%) 0.143
Dyspnea 77(13.5%) 32(13.3%) 45(13.6%) NS

Chest tension 113(19.8%) 54(22.4%) 59(17.9%) 0.202
Chest pain 10(1.8%) 6(2.5%) 4(1.2%) 0.409
Palpitation 16(2.8%) 5(2.1%) 11(3.3%) 0.448
Edema 3(0.5%) 1(0.4%) 2(0.6%) NS

Stomachache 9(1.6%) 5(2.1%) 4(1.2%) 0.504
Diarrhea 32(5.6%) 14(5.8%) 18(5.8%) NS

Fatigue 285(49.9%) 121(50.2%) 164(49.7%) 0.933

Comorbidities on admission, n (%)

Hypertension 347(60.8%) 148(62.7%) 199(61.0%) 0.725
Coronary heart disease 74(13.0%) 22(9.1%) 52(15.8%) 0.023
Heart failure 6(1.1%) 1(0.4%) 5(1.5%) 0.391
Arrhythmia 6(1.1%) 2(0.8%) 4(1.2%) 0.979
Cardiomyopathy 8(1.4%) 3(1.2%) 5(1.5%) NS

Cerebrovascular disease 51(8.9%) 16(6.6%) 35(10.6%) 0.105
COPD 6(1.1%) 3(1.2%) 3(0.9%) NS

Chronic kidney disease 26(4.6%) 6(2.5%) 20(6.1%) 0.065
Chronic liver disease 17(3.0%) 10(4.1%) 7(2.1%) 0.212

Notes: Data were n (%) or median (IQR). P values were calculated by Mann—Whitney U-test for non-normally distributed continuous variables and Fisher’s
exact test or y? test for categorical variables. P < 0.05 was considered significant between metformin group vs non-metformin group.

Abbreviations: T2D, type 2 diabetes; COVID-19, coronavirus disease 2019; COPD, chronic obstructive pulmonary disease; IQR, interquartile range; NS, not
significant.

330 (57.8%) individuals treated with anti-diabetic drugs other than metformin (referred to as the non-metformin group). The
baseline characteristics of the two groups are described in Table 1. The median age was 63 (IQR, 56-70) and 66 (IQR, 60—
73) years in the metformin and the non-metformin groups, respectively. At hospital admission, the distribution of severity
category was: 62.5% mild, 0.7% moderate, 30.5% severe, and 6.3% critical COVID-19 patients. No significant differences in
major symptoms at baseline were found between the two groups either (Table 1). The most common symptoms were cough,
fever and malaise, similar to a general fever. There were no significant differences between the two groups in other
underlying diseases, including hypertension (62.7% versus 61.0%, p = 0.725), cerebrovascular disease (6.6% versus
10.6%, p = 0.105) and chronic kidney disease (4.6% versus 2.5%, p = 0.065). But the non-metformin group had a higher
rate of coronary heart disease (15.8% versus 9.1%, p = 0.023).
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Laboratory Indices

The baseline laboratory test results of all patients and the propensity score-matched subpopulations in the two groups

were shown in Table 2. Major lab examinations results and chest computed tomography (CT) scan were similar or

marginally different between the two groups. After propensity score matching, comparing the metformin group to the

non-metformin group, the baseline characteristics for the matched subpopulations of patients were comparable (almost all

p > 0.05). The levels of lymphocyte, monocyte, basophil count in the metformin group were higher than those in the non-

metformin group. There was no difference in the overall WBC count. Meanwhile, the level of RBC in the metformin
group (4.12x10'%/L, IQR, 3.77x10'%/L—4.48x10'%/L) was higher than that in the non-metformin group (3.92x10'%/L,
IQR, 3.53x10'%/L—4.32x10"%/L) (p < 0.001). What’s more, the level of hemoglobin in the metformin group (126.00 g/L,
IQR, 114.00-135.00 g/L) was higher than that in the non-metformin group (119.00 g/L, IQR, 106.00-131.00 g/L) (p <
0.001). On admission, the median fasting blood glucose level in the metformin group (7.96 mmol/L, IQR, 6.05-11.76

Table 2 Laboratory Parameters of COVID-19 Patients with T2D in the Metformin and Non-Metformin Groups

All Patients (n=571) Metformin (n=241) Non-Metformin (n=330) P
Whole blood test, median (IQR)
White blood cells, x10°/L 6.09(4.94-7.50) 6.00(5.00-7.43) 6.20(4.90-7.50) 0.961
Neutrophils, x10%/L 3.80(2.90-5.25) 3.64(2.91-4.94) 3.92(2.89-5.33) 0.216
Lymphocytes, x 10%/L 1.49(1.05-1.97) 1.53(1.16-2.05) 1.38(0.99-1.92) 0.010
Monocytes, x10°/L 0.48(0.37-0.61) 0.49(0.40-0.62) 0.47(0.35-0.60) 0.021
Eosinophils, x10°/L 0.12(0.06-0.20) 0.12(0.07-0.19) 0.11(0.05-0.21) 0.635
Basophils, x10°/L 0.03(0.01-0.04) 0.03(0.02-0.04) 0.02(0.01-0.04) 0.001
Red blood cells, x10'%/L 4.00(3.61-4.41) 4.12(3.77-4.48) 3.92(3.534.32) <0.001
Hemoglobin, g/L 121.00(109.00-133.00) 126.00(114.00-135.00) 119.00(106.00-131.00) <0.001
Platelet, x109/L 217.00(174.00-266.00) 216.00(178.00-263.00) 217.00(171.00-268.00) 0.822
Symptom onset to admission, median (IQR)
k, mmol/L 4.24(3.94-4.55) 4.26(3.97-4.58) 4.20(3.914.53) 0.146
Na, mmol/L 140.50(138.28-142.19) 139.70(137.30-141.40) 140.90(138.90-142.90) <0.001
Cl, mmol/L 104.80(101.80—-106.90) 103.60(100.78-106.10) 105.50(102.53-107.50) <0.001
Ca2, mmol/L 2.17(2.09-2.27) 2.20(2.14-2.29) 2.15(2.06-2.25) <0.001
BUN, mmol/L 5.05(4.03-6.64) 5.02(4.03-6.26) 5.12(4.02-6.83) 0.540
CRE, pmol/L 62.50(51.64-75.00) 58.62(49.34-72.40) 65.25(54.05-76.91) <0.001
UA, pmol/L 260.00(206.52—-320.85) 261.00(210.50-319.00) 259.00(203.00-326.00) 0.802
Blood glucose, mmol/L 7.38(5.69-9.97) 7.96(6.05-11.76) 7.14(5.31-9.14) <0.001
TP g/L 65.59(61.26-69.41) 66.34(62.46—69.67) 64.75(60.22-69.12) 0.008
Albumin, g/L 37.20(33.8040.17) 37.99(35.0040.70) 36.50(32.87-39.84) 0.001
TBIL, pmol/L 10.28(7.66—13.00) 10.29(7.95-12.80) 10.00(7.40—13.04) 0.461
DBIL, umol/L 3.00(2.10-4.40) 2.90(2.10-4.10) 3.00(2.13-4.60) 0.534
ALT, U/L 20.11(13.70-31.58) 19.80(13.91-30.15) 20.80(13.50-33.20) 0.820
v-GGT, U/L 27.30(18.50—44.50) 27.38(18.57-45.10) 27.30(18.42-43.43) 0.778
ALP, U/L 72.10(61.55-91.28) 72.10(59.43-88.75) 72.15(62.70-93.02) 0.300
LDH, U/L 178.85(155.60-225.87) 167.50(148.70-210.88) 184.00(158.20-239.30) 0.002
aHBDH, U/L 135.70(116.20-173.25) 128.47(112.08-155.75) 141.60(120.63—-185.60) 0.001
CK-MB, U/L 8.80(6.90-12.10) 8.70(6.88-11.90) 8.91(7.20-12.63) 0.159
Chest CT on Admission, n (%) 0.240
Unilateral lesion, n (%) 28(4.9%) 15(6.9%) 13(4.4%)
Bilateral lesion, n (%) 483(84.6%) 201(93.1%) 282(95.6%)

Notes: Data were n (%) or median (IQR). P values were calculated by Mann—Whitney U-test for non-normally distributed continuous variables and j* test for

categorical variables. P < 0.05 was considered significant between metformin group vs non-metformin group.

Abbreviations: BUN, blood urea nitrogen; UA, uric acid; TP, total protein; TBIL, total bilirubin; DBIL, direct bilirubin; ALT, alanine aminotransferase; y-GGT, y-
gamma-glutamyl-transferase; ALP, alkaline phosphatase; LDH, lactate dehydrogenase; aHBDH, a-hydroxybutyrate dehydrogenase; CK-MB, creatine kinase-myocardial

band; CT, computed tomography.
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mmol/L) was higher than that in the non-metformin group (7.14 mmol/L IQR, 5.31-9.14 mmol/L) (p < 0.001). The
absolute values of the median and IQR for laboratory test were shown in Table 2.

Drug Therapy

According to the Clinical Guidelines for the Diagnosis and Treatment of COVID-19 published by the National Health
Council of China (National Health Council of the People’s Republic of China, 2020), all patients received standard
treatment for COVID-19 symptoms. Among subjects receiving glucose-lowering medications, in addition to metformin
(42.2% of all glucose-lowering medication users), acarbose was prescribed most frequently (45.2% of all glucose-
lowering medication users), followed by insulin (30.5% of all glucose-lowering medication users) (Table 3), and finally
gliclazide (10.2% of all glucose-lowering medication users). (10.2% of all glucose-lowering drug users). In addition, as
shown in Table 3, there were significant differences between the metformin group and the non-metformin group for
certain treatments, including the type of antidiabetic drug (68.9% versus 27.9% for acarbose, p < 0.001; 36.9% versus
25.8% for insulin, p < 0.001; Gliclazide (17.0% vs 5.2%, p < 0.001), and Calcium antagonists treatment (48.1% vs
35.6%, p < 0.05). There were no differences between the metformin and non-metformin groups in the application of
herbal treatments (p = 0.700), antiviral treatments (p = 0.384), antibiotics (p = 0.190) and glucocorticoids (p = 0.725).

Clinical Outcomes
Among the entire cohort of 571 patients with COVID-19 and T2D, a total of 39 patients met the primary outcome,
including 8 out of 241 in the metformin group (3.3%) and 31 out of 343 in the non-metformin group (9.4%). Comparing

Table 3 Treatment and Clinical Outcome in T2DM Patients Between the Metformin and Non-Metformin

Groups

All Patients Metformin Non-Metformin | P

(n=571) (n=241) (n=330)
In-hospital medication
Traditional Chinese medicine, n (%) 477(83.5%) 200(83.0%) 277(84.2%) 0.700
Arbidol hydrochloride capsules, n (%) 270(47.3%) 120(49.8%) 178(53.9%) 0.327
Antivirals, n (%) 284(49.7%) 125(51.9%) 159(48.2%) 0.384
Antibiotic, n (%) 248(43.4%) 97(40.2%) 151(45.8%) 0.190
Satins, n (%) 103(18.0%) 41(17.0%) 62(18.8%) 0.586
Thiazine diuretics, n (%) 70(12.3%) 25(10.4%) 45(13.6%) 0.240
B-blocker, n (%) 111(19.4%) 50(20.7%) 61(18.5%) 0.500
Calcium antagonists, n (%) 233(40.8%) 116(48.1%) 117(35.6%) 0.003
ACEI/ARB, n (%) 52(9.1%) 27(11.2%) 25(7.6%) 0.143
Cardiotonic drug, n (%) 29(5.1%) 9(3.7%) 20(6.1%) 0.211
Vasodilator, n (%) 48(8.4%) 17(7.1%) 31(9.4%) 0.327
Human serum albumin, n (%) 70(12.3%) 22(9.1%) 48(14.5%) 0.051
Human immunoglobulin, n (%) 34(6.0%) 13(5.4%) 21(6.4%) 0.629
Insulin, n (%) 174(30.5%) 89(36.9%) 85(25.8%) 0.004
Acarbose, n (%) 258(45.2%) 166(68.9%) 92(27.9%) <0.001
Gliclazide, n (%) 58(10.2%) 41(17.0%) 17(5.2%) <0.001
Hormone, n (%) 71(12.4%) 30(17.8%) 41(19.2%) 0.725
Clinical outcome
Hospitalization n time (days) 15(9-22) 16(10-23) 14(8-22) 0.012
In-hospital mortality and invasive 39(6.8%) 8(3.3%) 31(9.4%) 0.004
mechanical ventilation, n (%)

Notes: P values were shown as y? test for categorical variables t. Data were presented as medians and interquartile range (Q1-Q3). P <
0.05 was considered significant between metformin group vs non-metformin group.
Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker. Data were n (%) or median (IQR).
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Figure | Kaplan-Meier Survival Curves for patients with COVID-19 and T2D with and without Metformin treatment.

to the individuals without metformin use, the individuals with metformin therapy had a lower in-hospital mortality and
invasive mechanical ventilation rate than those without metformin treatment (p = 0.004). However, for discharged
patients, median hospitalization time/ hospital stay durations (in-hospital days) was significantly longer for the metfor-
min-treated patients than the non-metformin-treated patients (16 days versus 14 days, p = 0.012). The Kaplan-Meier
survival analysis showed a significantly higher survival rate in patients with T2D treated with metformin compared with
patients with T2D without metformin treatment (log-rank, p = 0.006) (Figure 1).

Using a Cox model accounting for metformin as a time-varying exposure and with adjustment for baseline differences
(including age, sex, hypertension, COPD, blood glucose), metformin treatment was associated with lower mortality
(aHR:0.376[95% CI 0.154-0.922]; p =0.033) compared to non-metformin users (Table 4). Furthermore, metformin
treatment group showed a lower incidences of acute cardiac events (aHR:0.216[95% CI 0.078-0.595]; p =0.003) and
severe respiratory failure (aHR:0.189[95% CI 0.063-0.561]; p =0.003) compared with non-metformin-treated patients.

Discussion

In this retrospective cohort study, we evaluated the association between metformin treatment and adverse clinical
outcomes in patients with COVID-19 and T2D. Our results suggest that metformin reduces in-hospital mortality and
invasive mechanical ventilation.

It is worth noting that patients with COVID-19 had underlying health conditions.'> Diabetes was found to be a major
risk factor for severe acute respiratory syndrome (SARS) and adverse clinical outcome in patients with COVID-19.'®
Because of deficiencies in innate immunity that affect phagocytosis, neutrophil chemotaxis, and cell-mediated immunity,
people with all forms of diabetes are generally more susceptible to infection. However, the high prevalence of diabetes in
serious cases of COVID-19 may reflect the higher prevalence of T2D in older people. Additionally, diabetes in older age

Table 4 Hazard Ratios for Primary and Secondary Outcomes Between Individuals in the
Metformin and the Non-Metformin Groups

Adjusted* HR (95% CI) | P

Primary outcomes

In-hospital mortality and invasive mechanical ventilation | 0.376(0.154-0.922) 0.033
Secondary outcomes

Acute cardiac events 0.216(0.078-0.595) 0.003

Severe respiratory failure 0.189(0.063-0.561) 0.003

ARDS 0.199(0.039-1.026) 0.054

Secondary infection 0.281(0.070-1.132) 0.074

Notes: The p values were calculated based on mixed-effect Cox proportional hazard model. *Adjusted for age, sex,
hypertension, COPD, blood glucose.
Abbreviations: HR, hazard ratio; Cl, confidence interval.
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is associated with cardiovascular disease, which by itself may assist to explain the association with fatal outcomes of
COVID-19.">'7 Those COVID-19 patients with poorly controlled blood glucose had a higher risk of severity and
mortality when compared with patients with well-controlled blood glucose.

It is obvious that blood glucose management is very important for the prognosis of COVID-19 patients.'? Metformin
therapy has been correlated to a decreased death rate among DM patients, according to some cohort studies.'® 2’
However, there still have some studies did not confirm such an association between metformin therapy and hospital
mortality among type 2 diabetes.?'** For the virus to attach to this cellular receptor, the ACE2 must be glycosylated,
a process that can be triggered by hyperglycemia.”® According to previous studies, diabetic mice had higher levels of
glycosylated ACE2 protein expression in lung tissue than non-diabetic controls.* Metformin, which is the most widely
used hypoglycemic medication, stimulates AMPK, which phosphorylates the ACE2 protein on its Ser-680 residue and
increases ACE2 stability by preventing its ubiquitination and proteasomal destruction.”> Additionally, several prior
papers advised against taking metformin plus SGLT-2 inhibitors due to the increased risk of lactic acidosis associated
with metformin or moderate hyperglycemic diabetic ketoacidosis associated with SGLT-2 inhibitors.” As a result, the
relationship between COVID-19 risk and metformin use in people with type 2 diabetes is still debatable and needs more
research. Although metformin may be beneficial as monotherapy or in combination with other medications, randomized
trials with multiple drug combinations need to be conducted before definitive conclusions can be drawn. At present, the
COVID-OUT study led by Assistant Professor Carolyn Bramante from the University of Minnesota Medical School has
been preprinted and is still undergoing peer review. If officially published, it would become one of the most influential
results for the treatment of post-COVID-19 symptoms to date. However, further validation of the research findings and
identification of the most suitable population for metformin therapy before wider clinical application are still crucial.'!
Our study population was an early case during the COVID-19 outbreak in China. After adjusting for some relevant
clinical factors that may contribute to disease severity, mortality was significantly lower in patients with COVID-19 and
T2D treated with metformin than in those not treated with metformin.

Our study has some limitations. First, due to the emergency nature of the COVID-19 pandemic, some important data,
such as body mass index (BMI), smoking, and drinking history, were not included in the analysis. Among these missing
data, BMI had a relatively high proportion of missing values which may lead to uncertainty association between
metformin use and reduced risk of in-hospital mortality. Second, the relatively small sample size and clinical center
size were the main limitation of the study, which might affect the accuracy of our findings and prevented a more detailed
analysis. Third, the outcomes of this study may have been affected by combination of metformin and other antidiabetic
medications, which we did not consider. Fourth, we did not assess some important information reflecting the severity of
DM, such as the duration of diabetes and HbA lc levels; therefore, the results of this study may have been influenced by
the proper glycemic control of patients with type 2 diabetes. Fifth, the study population included only hospitalized
subjects, and hospitalization or nonhospitalization may have influenced the association between metformin use and
hospital mortality. Therefore, caution is advised when extrapolating these results to the broader population with COVID-
19-related problems in a non-hospital situation. The findings of this study should be regarded cautiously in light of its
limitations, and additional prospective, sizable population-based cohort studies are required in order to support these
conclusions.

Conclusion

In brief, our study suggests that metformin treatment reduces the risk of death and poor prognosis in COVID-19 patients
with type 2 diabetes mellitus. There is no clear indication to alter the prescription of glucose-lowering medications in
patients with type 2 diabetes in the context of the COVID-19 pandemic. Due to the nature of such retrospective studies,
these results should be interpreted with caution. Therefore, more studies are needed.

Abbreviations

T2D, type 2 diabetes mellitus; COVID-19, coronavirus disease 2019; HR, hazard ratio; SARA-COV-2, severe acute
respiratory syndrome coronavirus 2; ACE2, angiotensin-converting enzyme 2; AMPK, 5’-AMP-activated protein kinase;
DPP4, dipeptidyl peptidase-4; CK-MB, creatine kinase-myocardial band; ALT, alanine aminotransferase; LDH, lactic
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dehydrogenase; BUN, blood urea nitrogen; ARDS, acute respiratory distress syndrome; MACE, major adverse cardio-
vascular events; MACCE, major adverse cardiac and cerebrovascular events; IQR, interquartile range; CT, computed
tomography; SARS, severe acute respiratory syndrome; BMI, body mass index.
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