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Introduction

Coronavirus disease 2019 (COVID-19), caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), was first
diagnosed in Wuhan in December 2019, and continues to be an
ongoing global pandemic. As of 6 August 2020, 18,575,326 patients
were confirmed to have COVID-19 worldwide, according to the
World Health Organization (WHO) [1]. South Korea has been
affected by the COVID-19 outbreak; it had approximately 14,499
confirmed COVID-19 cases as of 6 August 2020, according to the
Korea Centers for Disease Control Prevention (KDCA) [2]. Many

epidemiological studies have shown that several risk factors are
associated with poor prognoses in patients with COVID-19, and
comorbidities such as diabetes mellitus (DM), chronic kidney
disease (CKD) and heart disease are well-known risk factors for
poor prognoses in COVID-19 patients [3].

Although the absolute number of confirmed cases is greater in
the healthy population than in the population with underlying
comorbidities, cumulative studies have elucidated the risk factors
for poor outcomes among COVID-19 patients with specific
comorbidities. DM is an important comorbidity in such patients
as it is associated with a high mortality rate [4], and the association
between DM medication and prognosis has been a major concern
in both COVID-19 and DM patients [5]. In addition to its glucose-
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Aim. – Previous studies have reported inconsistent results regarding the association between

metformin use and clinical outcomes in diabetes mellitus (DM) patients with coronavirus disease

2019 (COVID-19). This study aimed to evaluate the association between metformin use and clinical

outcomes in DM patients with COVID-19.

Methods. – This retrospective study was based on claims data. All diseases, including COVID-19, were

defined using International Classification of Diseases 10th Revision (ICD-10) codes. Patients were divided

into three groups depending on metformin use: CON (those not taking DM medication); N-MFOM (those

taking DM medications other than metformin); and MFOM (those taking metformin for DM). Ultimately,

1865 patients were included; CON, N-MFOM and MFOM groups comprised 1301, 95 and 469 patients,

respectively.

Results. – Kaplan–Meier analyses showed that MFOM patients had poorer survival rates than those in

the CON group, but there were no significant differences in survival rates between MFOM and N-MFOM

groups. Multivariate Cox regression analyses revealed more favourable survival in CON than in N-MFOM

patients, but there was no statistically significant difference in MFOM vs the other groups. Also, there

were no significant differences in rates of use of inotropes, extracorporeal membrane oxygenation,

conventional oxygen therapy, high-flow nasal cannulas or mechanical ventilators, nor in the rates of

acute kidney injury or cardiac events across all study groups.

Conclusion. – No definite association could be found between metformin use and clinical outcomes,

including survival. However, given the disproportionate participant numbers in our groups and small

number of events, further studies are needed to determine whether the use of metformin has favourable

or unfavourable effects in DM patients with COVID-19.
�C 2020 Elsevier Masson SAS. All rights reserved.
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lowering properties, metformin has, for example, anti-inflamma-
tory properties and can reduce the production of reactive oxygen
species [6]. Among DM medications, metformin has been the
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entre of attention in much research, with a few studies focusing
n the association between metformin use and clinical outcomes.
ramante et al. [7] found a favourable association between the use
f metformin and survival in women, while Luo et al. [8] showed
avourable outcomes in metformin users in general. However, two
ther studies found no significant associations between clinical
utcomes and metformin use on multivariate analyses [9,10]. Nev-
rtheless, a meta-analysis of these four studies revealed a
avourable survival rate for COVID-19 and DM patients taking

etformin [6]. Therefore, further epidemiological research into the
ffects of metformin in COVID-19 patients could help to identify
hether there is an association between metformin use and

linical outcomes, as well as help to further determine optimal
reatment strategies for DM patients with COVID-19. Thus, the
resent study aimed to evaluate the association between metfor-
in use and clinical outcomes in DM patients with COVID-19 using

 nationwide, population-based dataset.

ethods

ata source

This retrospective study was based on claims data from the
ealth Insurance Review and Assessment Service (HIRA) of South
orea. The Korean national healthcare system and Medical Aid
rogram cover almost the entire South Korean population. The
IRA, as a government-affiliated organization, includes nearly all
atients’ medical information—from diagnoses and past medical
ecords to procedural data. Therefore, the HIRA was able to identify
ata for patients who underwent COVID-19 testing from 1 February
020 to 15 May 2020 and to merge these data with those patients’
laims data over the last 3 years (from 1 January 2017 to 15 May
020). These merged data became available to researchers after
hey were anonymized and de-identified [11], and the present
etrospective study was conducted using these data. The study was
pproved by the Institutional Review Board (IRB) of Yeungnam
niversity Medical Centre (IRB No: YUMC 2020-07-024), which
aived the need to obtain informed consent. The study was

onducted in accordance with the principles of the Declaration of
elsinki.

tudy population and variables

Of all the participants who underwent COVID-19 testing
n = 234,427), only those who tested positive were included
n = 7590). However, patients aged <18 years (n = 249), those
ithout DM (n = 5410) and those who had type 1 DM (n = 66)
ere excluded. In the remainder, the following baseline characte-

istics were evaluated: age; gender; time of COVID-19 diagnosis;
se of concomitant medications; and comorbidities. In addition,
hey were also assessed according to follow-up duration; death
uring the study period; use of inotropes, conventional oxygen
herapy, high-flow nasal cannula (HFNC), mechanical ventilation
MV) and extracorporeal membrane oxygenation (ECMO); and the
evelopment of acute kidney injury (AKI), cardiac arrest, myocar-
ial infarction (MI) and acute heart failure (AHF).

All diseases, including COVID-19, were defined using the
nternational Classification of Diseases 10th Revision – Clinical

odification (ICD-10-CM) classification system. Patients with

I13, E10.2, E11.2, E13.2, E14.2 or T861. Patients were divided into
three groups according to metformin use: CON (participants not
taking DM medications); N-MFOM (participants taking DM
medications other than metformin); and MFOM (participants
taking metformin for DM). All DM medications prescribed within
1 year of COVID-19 diagnosis were identified and evaluated using
HIRA codes (Table S1; see supplementary materials associated
with this article online). Metformin use was defined as a
medication adherence ratio �80%, as previously described, while
insulin use was defined as any insulin prescribed within 3 months
of COVID-19 diagnosis [12–14].

The presence of comorbidities was evaluated from 1 year prior
to diagnosis of COVID-19 and was defined by codes used by Quan
et al. [15,16]. In addition, the Charlson Comorbidity Index (CCI)
score was also calculated. During follow-up, all clinical outcomes
(except death) were defined using either the Electronic Data
Interchange system or ICD codes from HIRA, which were as
follows: M0040 for conventional oxygen therapy; M0046 for
HFNC; M5850 or M5857–M5860 for MV; O1901–O1904 for ECMO;
O7031–O7035 or O7051–O7055 for dialysis; I10, M5873–M5877
or M5880 for cardiac arrest; I21, I22, I252, M655x–M657x,
OA631x–OA639x, OB631x–OB639x, OA641x, OA642x, OA647x,
O0161x–O0171x or O1641x–O1647x for MI; and I110, I130, I132,
I255, I420, I425, I428, I429, I43 or I50 for AHF. Inotrope use was
defined as the use of norepinephrine, epinephrine, vasopressin,
dopamine or dobutamine after diagnosis of COVID-19. Patients
undergoing dialysis after COVID-19 diagnosis were considered to
have AKI.

Statistical analyses

Data were analyzed using SAS Enterprise Guide version 7.1 (SAS
Institute, Cary, NC, USA). Categorical variables are presented as
numbers (n) and percentages (%), while continuous variables are
presented as means � standard deviation (SD). Pearson’s x2 test or
Fisher’s exact test was used to analyze categorical variables. For
continuous variables, means were compared using one-way analysis
of variance (ANOVA) followed by Bonferroni post-hoc comparison.
Survival estimates were calculated using Kaplan–Meier curve and
Cox regression analyses. P values for comparison of survival curves
were determined by log-rank test. Multivariate Cox regression
analyses were adjusted for age, gender, CCI score and hypertension.
In addition, logistic regression analyses were performed to evaluate
independent variables for clinical outcomes. P < 0.05 was considered
statistically significant.

Results

Clinical characteristics of participants

Ultimately, 1865 patients were included in our study. The CON,
N-MFOM and MFOM groups consisted of 1301 (69.8%), 95 (5.1%)
and 469 (25.1%) patients, respectively (Table 1). The CON group
included the largest number of male patients, and patients in this
group were also younger than those in the other two groups. The
N-MFOM group had the highest CCI scores and proportions of
patients with MI, congestive heart failure, cerebrovascular disease,
dementia, mild liver disease, CKD and hypertension. Moreover, 0,
44 (46.3%) and 232 (49.5%) patients were using insulin in the CON,
OVID-19 were classified based on the following ICD diagnostic
odes: B342, B972, Z208, Z290, U18, U181, Z038, Z115, U071 or
072. Patients were considered to have DM if diagnosed with
odes E10, E11, E12, E13 or E14 within 1 year prior to COVID-19
iagnosis. Type 1 DM was defined by code E10, and CKD was
efined by codes N18, N19, N25.0, Z49.0-2, Z94.0, Z99.2, N16.5, I12,
2

N-MFOM and MFOM groups, respectively (P < 0.001). However,
there were no significant differences in the use of thiazolidine-
dione, sodium–glucose co-transporter type-2 (SGLT2) inhibitors,
glucagon-like peptide (GLP)-1 receptor agonists and renin–
angiotensin–aldosterone system (RAAS) blockers between the N-
MFOM and MFOM groups, whereas the use of dipeptidyl peptidase
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(DPP)-4 inhibitors was significantly higher in the N-MFOM than in
the MFOM group.

Survival analyses

In total, 83 (6.4%), 16 (16.8%) and 51 (10.9%) patients died
during follow-up in the CON, N-MFOM and MFOM groups,

respectively (P < 0.001). Kaplan–Meier curves showed that the
best survival was in the CON group and the poorest was in the N-
MFOM group (P < 0.001 for trend; P < 0.001 for CON vs N-MFOM
groups; P = 0.003 for CON vs MFOM groups; P = 0.577 for MFOM vs

N-MFOM groups; Fig. 1). Univariate Cox regression analyses
found that patients in the CON group had the highest survival rates
(Table 2). Multivariate Cox regression analyses further revealed
that patients in the CON group had better survival rates than those
in the N-MFOM group, whereas there were no significant
differences in survival rates between the N-MFOM and MFOM
groups. In addition, the hazard ratio (HR) for use of DPP-4
inhibitors was 0.78 [95% confidence interval (CI): 0.48–1.27;
P = 0.315] on univariate Cox regression analysis.

The numbers of patients aged <65 and �65 years in the CON, N-
MFOM and MFOM groups were 827 and 474, 44 and 51, and
232 and 237, respectively. The numbers of male patients in the
CON, N-MFOM and MFOM groups were 813 (62.5%), 40 (42.1%) and
243 (51.8%), respectively. The numbers of CKD patients in the CON,
N-MFOM and MFOM groups were 192 (14.8%), 45 (47.4%) and 138
(29.4%), respectively. Multivariate Cox regression analyses accord-
ing to subgroups by age, gender and presence of CKD showed that
patients without CKD in the CON group had better survival rates
than those in the N-MFOM and MFOM groups (Fig. 2). In addition,
elderly patients in the CON group had better survival rates than
those in the N-MFOM group.

Differences in clinical outcomes by group

Table 1
Baseline characteristics of the participants.

CON (n = 1301) N-MFOM (n = 95) MFOM (n = 469) P*

Gender (male) 813 (62.5) 40 (42.1) 243 (51.8) <0.001

Age (years) 59.2 � 16.5 67.4 � 12.1a 64.8 � 11.4a <0.001

Current diabetic drugs (n) – 1.4 � 0.6a 1.6 � 0.7a,b <0.001

Charlson Comorbidity Index score 4.8 � 2.6 7.0 � 3.4a 5.7 � 2.8a,b <0.001

Follow-up duration (days) 22.8 � 14.3 23.3 � 15.7 24.0 � 14.6 0.282

Myocardial infarction 80 (6.1) 13 (13.7) 34 (7.2) 0.017

Congestive heart failure 204 (15.7) 27 (28.4) 86 (18.3) 0.004

Peripheral vascular disease 378 (29.1) 41 (43.2) 159 (33.9) 0.005

Cerebrovascular disease 274 (21.1) 34 (35.8) 143 (30.5) <0.001

Dementia 226 (17.4) 27 (28.4) 97 (20.7) 0.014

Chronic pulmonary disease 789 (60.6) 57 (60) 264 (56.3) 0.256

Connective tissue disease 198 (15.2) 13 (13.7) 62 (13.2) 0.556

Peptic ulcer disease 631 (48.5) 50 (52.6) 226 (48.2) 0.721

Mild liver disease 907 (69.7) 76 (80) 353 (75.3) 0.013

Hemiplegia 71 (5.5) 6 (6.3) 19 (4.1) 0.433

Chronic kidney disease 192 (14.8) 45 (47.4) 138 (29.4) <0.001

Any malignancy 205 (15.8) 17 (17.9) 61 (13.0) 0.272

Moderate-to-severe liver disease 15 (1.2) 0 (0) 2 (0.4) 0.231

Metastatic tumour 20 (1.5) 3 (3.2) 7 (1.5) 0.467

Acquired immunodeficiency syndrome 6 (0.5) 0 (0) 0 (0) 0.271

Hypertension 692 (53.2) 78 (82.1) 346 (73.8) <0.001

Concomitant medications:

Thiazolidinedione – 12 (12.6) 38 (8.1) 0.157

DPP-4 inhibitor – 74 (77.9) 303 (64.6) 0.012

SGLT2 inhibitor – 4 (4.2) 30 (6.4) 0.635

GLP-1 receptor agonist – 0 1 (0.2) 1.000

RAAS blocker – 46 (48.4) 228 (48.6) 0.973

Data are expressed as n (%) for categorical variables, means � standard deviation for continuous variables; * by one-way analysis of variance followed by Bonferroni post-hoc test

for continuous variables, and Pearson’s x2 test or Fisher’s exact test for categorical variables, for concomitant medication use in N-MFOM (patients taking diabetic medications other

than metformin) vs MFOM (patients taking metformin) groups; a P < 0.05 vs CON (patients not taking diabetic drugs) group, b P < 0.05 vs N-MFOM group; DPP-4, dipeptidyl

peptidase-4; SGLT2, sodium–glucose cotransporter type 2; GLP-1, glucagon-like peptide-1; RAAS, renin–angiotensin–aldosterone system.
Fig. 1. Kaplan–Meier survival curves according to antidiabetic medication use. In

these survival graphs of the CON (blue; patients not taking diabetic drugs), N-

MFOM (red; patients taking diabetic medications other than metformin) and MFOM

(green; patients taking metformin) groups, circles indicate censored points. The 20-

day survival rates were 94.8%, 84.9% and 91.9% in the CON, N-MFOM and MFOM

groups, respectively (P < 0.001), and 40-day survival rates were 90.1%, 76.0% and

82.8%, respectively (P < 0.001).

3

In total, 9 (0.7%), 3 (3.3%) and 8 (1.7%) patients developed AKI in
the CON, N-MFOM and MFOM groups, respectively (P = 0.021;
Table 3). Rates of conventional oxygen therapy and MV use were
highest in the N-MFOM group. However, there were no significant
differences in rates of inotrope use, ECMO use, cardiac arrest, MI
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nd AHF among the study groups. Also, multivariate logistic
egression analyses failed to show any significant differences in
hese variables across our study groups (Table S2; see supplemen-
ary materials associated with this article online).

iscussion

than in the N-MFOM group, and there was no statistically
significant difference between the MFOM (participants taking
metformin for DM) group and the other groups. In addition, there
were no significant differences in rates of inotrope use, conven-
tional oxygen therapy use, HFNC use, MV use, ECMO use, AKI,
cardiac arrest, MI and AHF across the three study groups.

Previous human and experimental studies of infectious and

able 2
ox regression analysis of survival rates according to variables.

Univariate Multivariate

HR (95% CI) P HR (95% CI) P

Age (per 1-year increase) 1.09 (1.08–1.11) <0.001 1.09 (1.07–1.11) < 0.001

Gender (ref: female) 1.65 (1.20–2.27) 0.002 1.87 (1.35–2.59) < 0.001

CCI score (per 1-point increase) 1.22 (1.17–1.28) <0.001 1.09 (1.03–1.15) 0.003

Hypertension 4.80 (2.90–7.96) <0.001 1.55 (0.90–2.65) 0.111

Insulin use 1.78 (1.29–2.46) <0.001 – –

Groups:

N-MFOM (ref: CON) 2.60 (1.52–4.43) <0.001 1.79 (1.04–3.10) 0.036

MFOM (ref: CON) 1.62 (1.14–2.30) 0.007 1.38 (0.97–1.97) 0.076

MFOM (ref: N-MFOM) 0.62 (0.36–1.10) 0.100 0.77 (0.44–1.35) 0.052

ata are expressed as hazard ratio (HR) (95% confidence interval, CI); multivariate analysis adjusted for age, gender, Charlson Comorbidity Index (CCI) score, hypertension and

roup according to metformin use; ref: reference; CON, patients not taking diabetic drugs; MFOM, patients taking metformin; N-MFOM, patients taking diabetic medications

ther than metformin.

ig. 2. Forest plots of the association between metformin use and survival according to age, gender (sex) and presence of chronic kidney disease (CKD): (A) CON (patients not

aking diabetic drugs) vs MFOM (patients taking metformin); (B) N-MFOM (patients taking diabetic medications other than metformin) vs MFOM; and (C) CON vs N-MFOM.

ultivariate analyses of age and presence of CKD subgroups were adjusted for age, gender, Charlson Comorbidity Index (CCI) scores and hypertension. Multivariate analyses

r gender subgroups were adjusted for age, CCI score and hypertension. HR, hazard ratio; CI, confidence interval.
In our study, DM patients in the N-MFOM (participants taking
M medications other than metformin) group had a greater
revalence of comorbidities than those in the other two groups.
ultivariate Cox regression analyses revealed more favourable

urvival in the CON (participants not taking DM medication) group
4

chronic diseases, such as bacterial infections, tuberculosis and
inflammatory disorders, had shown more favourable outcomes in
patients treated with metformin than in those who were not [17–
22]. This led many researchers to assume there would be a positive
association between metformin use and clinical outcomes in DM
patients with COVID-19. Indeed, in a large retrospective study by
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Bramante et al. [7] in the US, women taking metformin had better
survival rates than those not taking metformin. Such gender-
specific findings may be related to differences in mast cell
activation and in expression of angiotensin-converting enzyme
2 (ACE2). On the other hand, a French multicentre study evaluating
various factors of poor clinical outcomes found no association
between metformin use and death or composite outcomes,
including MV and death within 7 days of admission [9], while
two Chinese studies showed different results for the association
between metformin use and clinical outcomes in DM patients with
COVID-19 [8,10]. Thus, although a meta-analysis involving four
previous studies showed favourable outcomes in patients taking
metformin, further investigations are still needed to determine the
effects of metformin in DM patients with COVID-19 [6].

In the present study, patients were divided into three groups
according to DM medication use. Clinical outcomes were different
between the CON and N-MFOM groups. DM patients in the CON
group had the best outcomes, which might be explained by their
capacity to maintain blood glucose levels without the need for
medication, and differences in age. The N-MFOM group included
those who could maintain blood glucose levels with DM
medications other than metformin. However, clinical practice
guidelines in both the US and South Korea recommend that
metformin be the preferred initial pharmacological agent for DM
and, once initiated, that it be maintained as long as it is tolerated
[23,24]. Therefore, patients in the N-MFOM group were not using
metformin as maintenance therapy, and it may have been
withdrawn due to adverse side-effects or other contraindications
(comorbidities such as CKD or heart problems). Thus, patients in
the CON group would be expected to have the best clinical
outcomes, whereas those in the N-MFOM would be expected to
have the worst clinical outcomes.

Indeed, in our study, patients in the CON and N-MFOM groups
had the best and worst survival rates, respectively, although the
statistical significance was weak owing to being statistically
underpowered due to a limited cohort. In addition, rates of
inotrope use, conventional oxygen therapy use, MV use, ECMO use,
AKI, cardiac arrest and MI were higher in the N-MFOM group than
in the MFOM group by univariate analysis, although statistical
significance was not reached. An important problem that may arise
when comparing metformin non-users with users involves
inherent differences in their underlying comorbidities. Favourable
outcomes in metformin users may be due to their having fewer
comorbidities than metformin non-users. Unfortunately, our study
did not include patients’ laboratory findings or accurate past

Furthermore, the younger age of patients in the CON group
could have been associated with better outcomes compared with
the other groups’ outcomes. Age is one of the most important
prognostic factors in COVID-19 and could be a confounding factor
in our study. For that reason, multivariate and subgroup analyses
were performed to attenuate the impact of age: the results showed
similar trends as for univariate analyses.

In our study, the trend of Kaplan–Meier curves showed the best
survival in the CON group and poorest survival in the N-MFOM
group (P < 0.001 for trend), although the survival rate difference
between the MFOM and N-MFOM groups was not statistically
significant (P = 0.577). However, Cox regression analyses also
showed that the CON group had better survival than the two other
groups on univariate analysis, whereas it had better survival than
only the N-MFOM group on multivariate analysis. In contrast, there
were no significant differences in survival between the N-MFOM
and MFOM groups on either univariate or multivariate analyses,
although the trend was towards best survival in the CON group and
poorest survival in the N-MFOM group. Such differences in the
results of univariate and multivariate analyses, and discrepancies
between trends and statistical significance, could be related to our
study’s low statistical power owing to the disproportionate patient
numbers in the three groups and small number of clinical
outcomes such as death.

Our study also evaluated the concomitant use of thiazolidine-
dione, DPP-4 inhibitors, SGLT2 inhibitors, GLP-1 receptor agonists
and RAAS blockers, which could have associations with the
prognosis of DM patients with COVID-19. However, there were no
significant differences in the use of these medications (except for
DPP-4 inhibitors) between the N-MFOM and MFOM groups, nor
was there any significant difference in survival according to use of
DPP-4 inhibitors. This suggests that the concomitant medications,
antidiabetic drugs and RAAS blockers had no influence on patients’
survival.

This study has several limitations. First, it was based on health
insurance claims data using procedural and diagnostic codes from
HIRA instead of laboratory and clinical data. The possibility of over-
or undercoding in the dataset may therefore have led to
discrepancies between the relevant codes and the actual disease.
Second, other than the insurance data, our study did not consider
the biological/physiological effects of metformin, such as serum
glucose levels, inflammatory markers and body mass index. Third,
metformin use might have been underestimated by setting an
adherence ratio �80% to definitively identify its effects. Also, some
patients in the CON and N-MFOM groups may have been

Table 3
Patients’ clinical outcomes according to metformin subgroups.

CON N-MFOM MFOM P

Acute kidney injury 9 (0.7) 3 (3.3) 8 (1.7) 0.021

Inotrope use 73 (5.6) 9 (9.5) 39 (8.3) 0.060

Conventional oxygen therapy 302 (23.2) 36 (37.9) 136 (29.0) <0.001

High-flow nasal cannula 69 (5.3) 5 (5.3) 40 (8.5) 0.041

Mechanical ventilation 47 (3.6) 7 (7.4) 31 (6.6) 0.012

Extracorporeal membrane oxygenation 6 (0.5) 2 (2.1) 5 (1.1) 0.096

Cardiac arrest 3 (0.2) 1 (1.1) 3 (0.6) 0.250

Myocardial infarction 3 (0.2) 1 (1.1) 2 (0.4) 0.354

Acute heart failure 5 (0.4) 0 0 0.337

Data are expressed as n (%); CON, patients not taking diabetic drugs; N-MFOM, patients taking diabetic medications other than metformin; MFOM, patients taking metformin.
medical histories based on medical charts. Therefore, blood
glucose levels were not compared among our three groups, and
there was no evaluation of the prescription/changes of antidiabetic
drugs for reasons of metformin non-use despite recommendations
for metformin as initial therapy or no prescription of medication
despite the presence of DM.
5

prescribed metformin, but may have taken it irregularly, and
categorizing them in the MFOM group could be associated with yet
another bias. Fourth, the number of clinical events was small: in
our cohort, the total mortality rate was only 8%, and the number of
outcomes was also limited, including AKI, inotrope use, HFNC use,
MV use, ECMO use, cardiac arrest, MI and AHF. An insufficient
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umber of events would tend towards statistical non-significance
nd statistical errors, whereas large sample sizes, including more
linical events, would help to better identify the association
etween metformin use and clinical outcomes in DM patients with
OVID-19. Fifth, the number of patients in our N-MFOM group was
onsiderably smaller than in the other groups. For type 2 DM
atients, the guidelines in both the US and South Korea
ecommend metformin as the first-line therapy [23,24]: in South
orea, metformin prescriptions constitute 80.4% of the total
ntidiabetic prescriptions [25] and, in the US, metformin is the
ost commonly used antidiabetic drug [26]. Our study enrolled

dult patients with type 2 DM diagnosed with COVID-19. Larger
umbers of patients taking metformin are an inherent limitation of
ur study, considering that this was a limited cohort and that
etformin is a first-line therapy, whereas the relatively small

umber of patients not taking metformin could be associated with
tatistical non-significance and being statistically underpowered.
ixth, our study used claims data with no laboratory findings and
id not evaluate whether patients had proper glycaemic control.
et, glucose control at admission or during COVID-19 may be more

mportant than the class of antidiabetic drug use per se. Further
tudies with large sample sizes and including assessments of
erum glucose levels are now needed to assess the impact of
ntidiabetic drugs regardless of glucose control. Moreover, studies
hat can overcome the statistically underpowered results of our
tudy and, thus, lead to statistical significance for similar analyses,
re also required.

onclusion

Our study failed to show any clear association between
etformin use and clinical outcomes, including survival, in

OVID-19 patients. However, in light of the disproportionate
atient numbers in our study groups and limited number of events,

urther studies are now needed to determine whether the use of
etformin may have favourable or unfavourable effects in DM

atients with COVID-19.
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