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Abstract

Diabetes mellitus (DM) is associated with a greater risk of COVID-19 and an increased mortality when the disease is con-
tracted. Metformin use in patients with DM is associated with less COVID-19-related mortality, but the underlying mecha-
nism behind this association remains unclear. Our aim was to explore the effects of metformin on markers of inflammation,
oxidative stress, and hypercoagulability, and on clinical outcomes. Patients with DM on metformin (n =34) and metformin
naive (n=41), and patients without DM (n="73) were enrolled within 48 h of hospital admission for COVID-19. Patients on
metformin compared to naive patients had a lower white blood cell count (p=0.02), d-dimer (p=0.04), urinary 11-dehydro
thromboxane B, (p=0.01) and urinary liver-type fatty acid binding protein (p=0.03) levels and had lower sequential organ
failure assessment score (p = 0.002), and intubation rate (p=0.03), fewer hospitalized days (p=0.13), lower in-hospital
mortality (p=0.12) and lower mortality plus nonfatal thrombotic event occurrences (p=0.10). Patients on metformin had
similar clinical outcomes compared to patients without DM. In a multiple regression analysis, metformin use was associated
with less days in hospital and lower intubation rate. In conclusion, metformin treatment in COVID-19 patients with DM was
associated with lower markers of inflammation, renal ischemia, and thrombosis, and fewer hospitalized days and intubation
requirement. Further focused studies are required to support these findings.
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including mortality [6]. Therefore, in addition to the stand-
ard-of-care treatment, rigorous control of blood glucose is
an important treatment strategy in patients with COVID-19
and DM. Among glucose lowering agents, metformin is the
most widely used. It is a well-studied, widely available, inex-
pensive agent with limited side effects. Significantly lower
in-hospital mortality has been reported in meta-analyses and
retrospective studies of patients with COVID-19 treated with
metformin [7, 8]. In a recent population-based study of 2.85
million patients with COVID-19 and type 2 DM from the
United Kingdom, metformin was the most widely used agent
and was associated with a 23% reduction in in-hospital mor-
tality (adjusted HR 0.77, 95% CI 0.73-0.81), whereas insulin
therapy was associated with a 42% increase in in-hospital
mortality (adjusted HR 1.42, 95% CI 1.35-1.49) compared
to no recorded prescription of glucose lowering drugs [9].
In another study of an elderly minority population with
COVID-19 from the United States of America (n=11,390),
metformin treatment was associated with lower rates of hos-
pitalization and death and less disease severity [10].

In addition to glucose lowering effects, in vitro and ani-
mal model experiments have demonstrated anti-inflamma-
tory and immunomodulatory effects of metformin [11-13].
Thus far, minimal data is available regarding the relation
between metformin treatment, laboratory biomarkers,
and their association to clinical outcomes in patients with
COVID-19. Therefore, our aim was to study biomarkers
of COVID-19, inflammation, hypercoagulability, renal
ischemia and oxidative stress and in-hospital clinical out-
comes in COVID-19 patients with DM treated with and
without metformin and in patients without DM.

Research design and methods

This report is a sub-analysis of the evaluation of hemosta-
sis in hospitalized COVID-19 patients (TARGET-COVID)
study (URL: https://www.clinicaltrials.gov; Unique identifier:
NCT04493307). The study was performed in accordance with
standard ethical principles and approved by the local institu-
tional review board. Patients were eligible for enrollment into
the study if they were 18 years of age or older, had a new diag-
nosis of COVID-19 infection and were being admitted to hos-
pital on either in-patient acute care or critical care service. All
participants of the study were selected for this sub-analysis
for one of the three arms including patients without diabetes
mellitus, patients with diabetes mellitus on metformin and
patient with diabetes mellitus not on metformin. All patients
provided written consent. We enrolled hospitalized patients
within 48 h of hospitalization between April, 2020 and Feb-
ruary, 2021 who were diagnosed with COVID-19 by reverse
transcription-polymerase chain reaction assay. Diabetes mel-
litus was defined as patients on oral hypoglycemic agents/
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insulin or hemoglobin Alc level of > 6.5% [14]. Seventy-three
patients without DM, thirty-four patients with DM on met-
formin therapy at the time of hospital admission and forty-one
patients with DM who were metformin naive were enrolled.

Sample collection

Laboratory assessments were conducted within 48 h of hos-
pital admission. Venous blood was collected into Vacutainer
tubes (Becton-Dickinson, Franklin Lakes, NJ, USA) con-
taining 3.2% trisodium citrate for the thromboelastography
(TEG)-6 s assay.

Thromboelastography

The TEG-6 s is a microfluidic automated cartridge-based
assay that can be used at the bedside [15]. The citrated
multi-channel assay measures platelet—fibrin clot strength
or maximum amplitude (P-FCS or MA), reaction time (R,
a measure of the enzymatic phase of coagulation), kinetics
(K, a measure of the time to reach 20 mm of clot strength
from R), angle (o, reflective of the velocity of clot strength
generation), FCS (a measure of fibrin clot strength measured
in the presence of tissue factor and a glycoprotein IIb/IIla
inhibitor to isolate the contribution of fibrinogen during clot
generation) and functional fibrinogen levels (FLEV, a meas-
urement extrapolated from the FCS) [15].

Standard COVID-19 biomarkers

Standard COVID-19 biomarkers were analyzed in the central
pathology laboratory at the Sinai Hospital of Baltimore. C-reac-
tive protein (CRP) and ferritin were measured using Siemens
Advia Chemistry XPT systems (Siemens Medical Solutions
USA, Inc. Malvern, PA, USA). Procalcitonin was measured
using Abbott ARCHITECT B.R.A.H.M.S PCT assay (Abbott,
Abbott Parks, IL, USA). Complete blood cell analysis was
performed using Sysmex XN-1000™ Hematology Analyzer
(Sysmex America Inc, Lincolnshire, IL, USA). Coagulation
parameters were measured using STA Compact Max Analyzer
(Diagnostica Stago, Inc., Parsippany, NJ, USA).

Urinary biomarkers

Urinary 11-dehydro-thromboxane B, (ul1-dh-TxB,) levels
were determined using an enzyme-linked immune assay and
microalbumin levels were determined using the Dimension
clinical chemistry system and processed by Inflammatory
Markers Laboratory (Wichita, KS) [16]. Urinary 8-hydroxy-
2'-deoxyguanosine (8-OHdG) levels were measured by
enzyme-linked immune assay at CEDx Labs (Nashua, NH,
USA) and liver-type fatty acid binding protein (L-FABP)
levels were determined using a rapid, point-of-care lateral
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flow immunoassay (Timewell Medical, Tokyo, Japan) whose
results were quantified using a CHR-631 Rapid Test Reader
(Kaiwood Technology Co., Ltd., Tainan City, Taiwan) [17,
18].

Sequential organ failure assessment

The SOFA score is based on PaO,, FiO,, presence or absence
of mechanical ventilation, platelet number, Glasgow coma
scale, bilirubin, mean arterial pressure or administration of
vasoactive agents, and creatinine. (https://www.mdcalc.com/
sequential-organ-failure-assessment-sofa-score). Patients
were categorized as SOFA score > 3 and < 3 for comparison
of standard and thromboelastography makers. SOFA score is
used to indicate the severity of organ dysfunction and poor
clinical outcomes in patients with COVID-19 [19].

Clinical events
In-hospital events including all-cause death, pulmonary
thromboembolism, type 1 myocardial infarction (MI),

ischemic stroke, days in hospital and intubation requirement
were collected.

Table 1 Demographics

Statistical analysis

Continuous values were shown as mean + SD for normally
distributed data and mean and confidence interval for not
normally distributed data. The Shapiro-Wilk test was used
to determine the normality of data and the student T test
was used to compare the groups. Categorical variables were
shown as counts and percentages. The chi-squared test was
used to determine whether there was a significant differ-
ence in frequencies between groups and outcomes. Multiple
regression analysis was performed to identify independent
variables such as glucose, body mass index (BMI), DM, age,
creatinine, use of metformin, steroids, aspirin and insulin
associated with duration of hospitalization, death and rate of
mechanical ventilation (intubation). p < 0.05 was considered
a significant difference between groups. (MedCalc Software
Ltd, Ostend, Belgium).

Results

The majority of patients were African American (African
Americans with DM ~70%, without DM 59%). Compared to
the DM group, the group without DM had less hypertension
and hyperlipidemia. DM patients not on metformin com-
pared to patients on metformin had a higher frequency of

DM NoDM (n=73) p value
Metformin (n=34) No Met- Metformin vs. Metformin  No metformin
formin no metformin ~ vs.no DM  vs. No DM
(n=41)
Age (years) 60+18 67+14 55+19 0.06 0.20 0.0006
Male, n (%) 20 (59) 20 (49) 48 (66) 0.39 0.49 0.08
Race, n (%)
African American 24 (71) 30 (73) 43 (59) 0.85 0.23 0.14
Hispanic 5(15) 5(12) 8 (11) 0.71 0.56 0.87
Caucasian 4 (12) 4 (10) 22 (30) 0.78 0.04 0.02
Asian 1(3) 2(5) 0(0) 0.67 0.14 0.055
Body mass index (kg/m?) 35.1+11.6 32.1+8.0 34.1+11.8 0.19 0.68 0.34
Co-morbidities
Hypertension, n (%) 28 (82) 37 (90) 43 (60) 0.32 0.02 0.0008
Hyperlipidaemia, n (%) 17 (50) 25 (61) 24 (33) 0.34 0.09 0.004
Obesity, n (%) 21 (64) 19 (46) 40 (56) 0.12 0.44 0.31
Cardiovascular disease, n (%) 10 (29) 12 (29) 10 (14) 1.00 0.07 0.053
Respiratory disease, n (%) 721 14 (34) 19 (26) 0.22 0.58 0.37
Neurological disease/mental illness 6 (18) 12 (29) 19 (26) 0.27 0.37 0.73
Renal disease, n (%) 2 (6) 12 (29) 6(8) 0.01 0.71 0.003
Liver disease, n (%) 2(6) 4(10) 2(3) 0.53 0.46 0.12
Cancer, n (%) 1(3) 3(7) 6(8) 0.44 0.33 0.85
Sequential organ failure assessment score 2.0+ 1.5 4.2+3.7 3.0+3.0 0.002 0.07 0.06
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Table 2 Medications

DM NoDM (n=73) pvalue
Metformin (n=34)  No met- Metformin vs.  Metformin ~ No metformin
formin no metformin vs. no DM vs. No DM
(n=41)

Antiviral medications, n (%)

Remdesivir 10 (29) 12 (29) 21 (29) 1.00 1.00 1.00

Hydroxychloroquine 2 (6) 4 (10) 5(7) 0.53 0.85 0.57

Convalescent plasma 8 (24) 16 (39) 21 (29) 0.17 0.59 0.28
Antithrombotic medications, n (%)

None 309 4 (10) 7 (10) 0.88 0.87 1.00

Enoxaparin prophylaxis 18 (53) 13 (32) 40 (55) 0.07 0.85 0.02

Heparin prophylaxis 7(21) 9(22) 13 (18) 0.92 0.71 0.61

Therapeutic anticoagulation 4(12) 11(27) 9(12) 0.11 1.00 0.04

Direct oral anticoagulant 2 (6) 4 (10) 4.(5) 0.53 0.83 0.31
Aspirin 14 (41) 14 (34) 16 (22) 0.54 0.04 0.16
Antibiotic medications, n (%)

Ceftriaxone 15 (44) 16 (39) 37 (51) 0.66 0.50 0.22

Azithromycin 16 (47) 12 (29) 36 (49) 0.11 0.85 0.04

Vancomycin 6 (18) 6 (15) 7 (10) 0.73 0.25 0.43
Steroids 25 (74) 30 (73) 48 (66) 0.92 0.41 0.44
Statins 13 (38) 21 (51) 18 (25) 0.26 0.17 0.005
Proton pump inhibitors/H, blockers 10 (29) 22 (54) 24 (33) 0.03 0.68 0.03

Therapeutic anticoagulation = full dose heparin administration

Direct oral anticoagulant = apixaban

Table 3 Laboratory measurements

DM No DM (n=73) p-value
Metformin (n=34 No Metformin Metformin vs. Metformin No metformin
(n=41) no metformin vs. no DM vs. No DM

Creatinine (mg/dL) 1.1+0.8 1.9+3.6 1.1+1.8 0.21 1.00 0.12
Glucose (mg/dL) 198 £82 190 +85 121 +62 0.68 <0.0001 <0.0001
Aspartate transaminase (u/L) 49 +31 64 +62 64 +88 0.20 0.34 1.00
Alanine transaminase (u/L) 49+61 61+68 55463 0.43 0.64 0.64
Alkaline phosphatase (u/L) 98 +88 93+49 71+£26 0.76 0.02 0.002
Lactate dehydrogenase (U/L) 382+108 439+229 445 +357 0.19 0.32 0.92
Prothrombin time (secs) 14.6+3.3 14.0+3.1 149+2.8 0.42 0.63 0.12
Total bilirubin (mg/dL) 0.56+0.21 0.65+0.64 0.61+0.38 0.44 0.48 0.68
Albumin (g/dL) 3.7+£0.7 3.6+0.7 3.9+0.5 0.54 0.09 0.009
Platelet (x 1000/mm?) 262+85 287+ 154 257+128 0.40 0.84 0.27
White blood cells (K/mm?) 8.6+3.8 10.7+3.8 8.4+5.0 0.02 0.84 0.012
Haematocrit (%) 37+6 377 38+6 1.00 0.42 0.42
Neutrophil/leukocyte ratio 9.3+10.7 10.7+£9.2 83+7.4 0.54 0.58 0.13
Hemoglobin (g/dL) 11.9+2.1 11723 12123 0.70 0.67 0.37
HaemoglobinAlc 8.7+2.3 85+1.9 5.8+0.8 0.68 <0.001 <0.001

@ Springer



Metformin use in patients hospitalized with COVID-19: lower inflammation, oxidative stress,... 367

Table 4 Thromboelastography measurements and standard biomarkers of COVID-19

DM

No DM (n=73) p value

Metformin (n=34) No metformin (n=41)

Metformin No metformin
vs.no DM vs. No DM

Metformin vs.
no metformin

Thromboelastography measurements

Reaction time (minutes) 6.3+2.1 5.6+1.6
Fibrin clot strength (mm) 435+114 43.1+124
Functional Fibrinogen level (mg/ 791 +206 802+215
dL)
Platelet—fibrin clot strength (mm)  68.6+4.9 69.6+4.1
Clot lysis (%) 0.4+0.5 0.5+0.9
Standard markers

D-dimer (mg/L, FEU) 1.8+2.1 3.6+4.5
C-reactive protein (mg/L) 115+100 86+ 89
Ferritin (ng/mL) 672+491 788 +575
Procalcitonin (ng/mL) 0.7+2.1 32+12.0
Creatinine (mg/dL) 1.1+0.8 1.9+3.6

6.4+1.9 0.11 0.81 0.02
372+13.1 0.89 0.02 0.02
674 +226 0.82 0.01 0.004
66.1+6.3 0.34 0.04 0.002

09+13 0.57 0.03 0.08

22+34 0.04 0.53 0.06

99+76 0.19 0.36 0.41
988 +1984 0.36 0.36 0.53

1.3+42 0.23 0.43 0.22

1.1+1.8 0.21 1.00 0.12

renal disease (p=0.01) and a higher SOFA score (p=0.002)
(Table 1).

There were no significant differences in medications
between DM patients on metformin and metformin naive
patients, except proton pump inhibitor/H, blocker use was
higher in patients on metformin (p=0.03) (Table 2). Among
laboratory measurements, white blood cell counts were
higher in DM patients not on metformin treatment compared
to patients on metformin (p=0.02) (Table 3).

Thromboelastography

There were no significant differences between thromboe-
lastography indices in DM patients on and not on met-
formin (Table 4). Patients without DM compared to patients
with DM had lower levels of platelet—fibrin clot strength
(p £0.04), functional fibrinogen (p <0.01) and fibrin clot
strength (p <0.02), whereas reaction time was shorter in DM
patients not on metformin compared to patients without DM
(p=0.02).

Standard COVID-19 biomarkers

There were no significant differences in C-reactive pro-
tein, ferritin, procalcitonin and creatinine between the three
groups. D-dimer levels were lower in DM patients on met-
formin compared to metformin naive patients (p=0.04)
and were similar between DM patients on metformin and
patients without DM (Table 4).

Urinary biomarkers

Compared to DM patients on metformin, urinary L-FABP
levels were higher in metformin naive patients (p=0.03)
and patients without DM (p=0.03) (Fig. 1a). U11-dh-TxB,
levels were higher in metformin naive patients compared
to DM patients on metformin (p=0.01) (Fig. 1b). 8-OHdG
levels were numerically lower in DM patients on metformin
compared to patients not on metformin and patients without
DM (Fig. 1c).

Clinical outcomes

Compared to metformin naive patients, patients on met-
formin had a lower rate of intubation (p=0.03) and fewer
days in hospital (p=0.13), lower in-hospital mortality
(p=0.12) and lower in-hospital mortality plus nonfatal
thrombotic event occurrences (p=0.10) (Table 5).

Multiple regression analysis revealed that days in hospital
was positively associated with DM (Odds Ratio(OR) [95%
confidence interval 9.5 [3.5 to 15.4] p<0.01) and negatively
associated with metformin use (OR [95% CI] — 7.4[— 1.7 to
13.1], (p<0.01)); death was associated with age OR [95%
CI] 0.005(0.002 to 0.008], p<0.010; intubation rate was
associated with metformin use (OR [95% CI] — 0.2[— 0.04
to — 0.36], p=0.01) (Fig. 2).

Discussion
To the best of our knowledge, this observational study is the

first to explore the relationship between the known biomark-
ers associated with inflammation associated with COVID-19
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Fig.1 Urinary biomarkers. a Urinary L-fatty acid binding protein. b Urinary 11-dehydro-thromboxane B,. ¢ Urinary 8-hydroxy-2'-
deoxyguanosine

Table 5 Clinical outcomes

DM NoDM (n=73) p value

Metformin (n=34) No Metformin (n=41) Metformin vs. Metformin  No metformin
no metformin ~ vs.no DM vs. No DM

Days in hospital 11.6+144 17.5+19.7 8.7+4.8 0.13 0.12 0.001
Intubation required (%) 5.8 244 15 0.03 0.17 0.21
In-hospital mortality (%) 8.8 22 11 0.12 0.12 0.12
In-hospital mortality plus 11.7 26.8 15.1 0.10 0.64 0.13
nonfatal thrombotic events
(%)

Non-fatal thrombotic events include type 1 myocardial infarction, ischemic stroke, pulmonary embolism
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Fig.2 Multiple regression analysis demonstrating factors associate with days in hospital, death, and intubation rate

infection and clinical outcomes in COVID-19 patients with
DM treated with and without metformin. In our study, met-
formin treatment was associated with (a) significantly lower
d-dimer, urinary L-FABP, and urinary 11-dh-TxB, levels,
(b) less disease severity with fewer days in hospital, and a
(c) lower rate of intubation, in-hospital death and a com-
posite of in-hospital death plus nonfatal thrombotic event
occurrences.

SARS-CoV-1 virus can bind to the pancreatic islet ACE2
receptor causing acute islet cell damage and new onset DM
[20]. The presence of preexisting or new onset DM further
worsens the outcomes of COVID-19, since both diseases
are associated with hypercoagulability, inflammation, oxida-
tive stress, elevated platelet reactivity, resistance to fibrinol-
ysis, and endothelial dysfunction. It has been shown that
COVID-19 patients with DM had nearly two times more
death and disease severity compared to patients without DM
[21]. Similarly, an association between hyperglycemia and
increased COVID-19 related mortality has been reported
in patients with type 2 DM [22, 23]. Therefore, glucose-
lowering agents are a major treatment strategy in addition
to standard COVID-19 medications in patients with DM.
Metformin therapy is currently being compared to placebo
in COVID-19 patients in the ongoing METCOVID trial
(NCT04510194).

The significant mortality benefit associated with met-
formin may be due to its noncanonical effects in addition
to its glucose lowering effect. Metformin has been shown
to have complex mechanism of action, which in part exerts

anti-viral and anti-inflammatory affects [10, 24]. In the
canonical pathway, metformin blocks complex-1 of the res-
piratory chain in mitochondria in hepatocytes, suppresses
adenosine triphosphate (ATP) production, and increases
cytoplasmic adenosine monophosphate (AMP)-ATP ratio
leading to the activation of AMP-activated protein kinase
(AMPK). The AMPK phosphorylates the acetyl-CoA car-
boxylase that enhances insulin sensitivity and peripheral
uptake of glucose and glucose consumption [25]. Met-
formin treatment has been shown to be associated with a
42% decrease in DM-related death and a 36% decrease in
all cause death [26]. With respect to noncanonical path-
ways, in vitro studies of endothelial cells have shown that
metformin enhances nitric oxide production by activat-
ing the AMPK pathway and inhibits the activation of the
NF-xB pathway and generation of inflammatory cytokines
[27]. Thus, metformin appears to reduce the inflamma-
tory response through inhibition of the NF-xB pathway in
patients with COVID-19. However, thus far, evidence for
metformin-induced attenuation of inflammatory response
or tissue damage as indicated by laboratory measures and
its link to clinical outcomes in patients with COVID-19 is
limited. A randomized study demonstrated that metformin
is associated with reduced levels of inflammatory markers
including tumor necrosis factor a (TNFa), interleukin-6 (IL-
6) and monocyte chemoattractant protein-1 (MCP-1) [28].
In a retrospective study, metformin treated patients with
COVID-19 had decreased level of IL-6, but its relation to
clinical outcomes were not reported [29].
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In the current study, our data suggest that metformin
therapy is associated with a significant decrease in D-dimer
levels in patients with COVID-19 and DM. An association
between high D-dimer levels and poor COVID-19 prognosis
and elevated mortality is well established. However, we were
not able to show the same relation with thromboelastography
measurements and other standard biomarkers of COVID-
19. The latter may be due to the lower number of patients
enrolled in this observational study. The SOFA score, an
indicator of the severity of illness was significantly lower
in DM patients treated with metformin prior to hospitaliza-
tion. The percentage of patients with renal disease were sig-
nificantly lower in DM patients treated with metformin and
were similar in COVID-19 patients without DM. This may
be mainly due to metformin being contraindicated in patients
with renal insufficiency. There were no other significant
differences in demographics and co-morbidities amongst
patients with DM treated with and without metformin.

L-FABP, a carrier protein involved in the intracellular
transport of free fatty acids, is expressed in the proximal
renal tubules and is excreted in urine following tubular dam-
age [30, 31]. It has been reported that urinary L-FABP levels
increase before serum creatinine in patients with acute kid-
ney injury and may predict the severity of COVID-19 at an
early stage [32]. Ul11-dh TxB, is a marker of platelet activa-
tion and whole-body inflammation. Thromboxane A, biosyn-
thesis is contributed by platelets, leukocytes, and endothelial
cell sources [33]. The independent relation of ul1-dh TxB,
to adverse outcomes in patients with cardiovascular disease
and diabetes treated with aspirin has been demonstrated in
major clinical trials [34-36]. Urinary 8-OHdG is one of the
most widely studied biomarker of oxidative stress-induced
deoxyribonucleic acid damage [37]. It has been shown to
be associated with cardiovascular disease and endothelial
dysfunction in patients with diabetes [37—40]. In our study,
urinary L-FABP and 11-dh-TxB, were significantly lower in
metformin-treated patients and we also observed lower lev-
els of 8-OHdG in metformin-treated patients. Finally, met-
formin treatment in COVID-19 patients was independently
associated with a lower rate of intubation requirement and
shorter hospital stay. Most of our findings resonate findings
from other observational retrospective studies highlighting
improved COVID-19 disease outcomes in patients on met-
formin [7, 10, 24, 28, 29, 41—44]. The main limitation of this
study is the limited number of patients enrolled affecting
the power to detect differences between groups. Hence, the
findings from this observational sub-analysis are hypothesis
generating and these effects of metformin should be explored
in future translational research studies.

In conclusion, metformin therapy in patients with
COVID-19 and DM was associated with lower D-dimer,
L-FABP and 11-dh-TxB, levels, and lower rate of intuba-
tion. Shorter hospital stay, and non-significantly lower rates

@ Springer

of in-hospital death and in-hospital death plus thrombotic
event occurrences were also notable. In a multiple regression
analysis, metformin use was associated with a lower rate of
intubation requirement, and shorter hospital stay.
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