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Background: Coronavirus disease 19 (COVID-19) is regarded as an independent risk
factor for acute ischemic stroke (AIS) due to the induction of endothelial dysfunction,
coagulopathy, cytokine storm, and plaque instability.

Method: In this retrospective cohort study, a total of 42 COVID-19 patients with type 2
diabetes mellitus (T2DM) who presented with AIS within 1 week of displaying COVID-19
symptoms were recruited. According to the current anti-DM pharmacotherapy, patients
were divided into two groups: a Metformin group of T2DM patients with COVID-19 and
AIS on metformin therapy (850 mg, 3 times daily (n = 22), and a Non-metformin group
of T2DM patients with COVID-19 and AIS under another anti-DM pharmacotherapy like
glibenclamide and pioglitazone (n = 20). Anthropometric, biochemical, and radiological
data were evaluated.

Results: Ferritin serum level was lower in metformin-treated patients compared to
non-metformin treated patients (365.93 + 17.41 vs. 475.92 £+ 22.78 ng/mL, p = 0.0001).
CRP, LDH, and D-dimer serum levels were also lowered in metformin-treated patients
compared to non-metformin treated patients (p = 0.0001). In addition, lung CT scan
scores of COVID-19 patients was 30.62 £+ 10.64 for metformin and 36.31 4+ 5.03 for
non-metformin treated patients.

Conclusion: Metformin therapy in T2DM patients was linked to a lower risk of AIS during
COVID-19. Further studies are needed to observe the link between AIS in COVID-19
diabetic patients and metformin therapy.
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INTRODUCTION

Coronavirus disease 19 (COVID-19) is a worldwide pandemic,
caused by the severe acute respiratory syndrome-coronavirus
2 (SARS-CoV-2), that began in December 2019. Among the
multiple mechanisms of virus action, the ability of the spike
protein to bind to angiotensin converting enzyme 2 (ACE2) is
the most prominent one, being around 10 times higher than
the equivalent SARS-CoV (1). The ACE2 receptors involved
in viral entry are highly expressed in different tissues, mainly
in lung pneumocyte type II cells. The interaction between
SARS-CoV-2 and ACE2 leads to a down-regulation of the
protective ACE2 with the induction of hyper-inflammation and
oxidative stress, and subsequent development of acute lung
injury (ALI) and acute respiratory distress syndrome (ARDS)
(2). Also, a reduction of ACE2, which is involved in the
metabolism of angiotensin II (AngllI), leads to vasoconstriction,
hypertension, coagulopathy, and inflammatory reactions that
together increase the risk of acute ischemic stroke (AIS)
(3). Belani et al. (4) found that COVID-19 is regarded as
an independent risk factor for AIS due to the induction
of endothelial dysfunction, coagulopathy, cytokine storm, and
plaque instability. A systemic review and meta-summary by
Tan et al. (5) illustrated that high levels of D-dimer and
inflammatory cytokines with the existence of anti-phospholipid
antibodies seem to be linked to AIS in COVID-19 patients.
On the other hand, the metabolic disturbances associated with
type II diabetes mellitus (T2DM) may raise the risk of AIS
during SARS-CoV-2 infection. This is because both T2DM
and COVID-19 are linked to platelet activation, coagulation
disorders, endothelial dysfunction, and insulin resistance (IR)
that mutually contribute to the pathogenesis of AIS (6, 7). Also,
Lee et al. (8) confirmed that glucose variability is associated
with stroke severity and infarct volume in T2DM and non-DM
patients. COVID-19 progression is accompanied with glucose
variability due to the induction of IR and/or pancreatic injury by
hypercytokinemia (9).

Metformin is a biguanide anti-diabetic agent used as a
first-line drug in T2DM management, with anti-inflammatory
and antioxidant properties (10). As its main actions, metformin
increases ACE2 expression, thereby reducing the deleterious
effect of high Angll in patients with cardiometabolic
disorders and in the experimental model of ALI (11). A
preliminary prospective study by Gao et al. (12) found that
metformin therapy in COVID-19 patients with T2DM led
to a raise in COVID-19 severity through potentiation of
SARS-CoV-2 entry due to ACE2 receptors overexpression.
Likewise, ACE2 receptors improve neuronal functions
and have neuroprotective activity, being down-regulated in
AIS (13).

As a consequence, the rational of the present study was
supported by the fact that the anti-inflammatory and antioxidant
effects of metformin may improve the cardiometabolic profile
in T2DM patients and COVID-19 (14). Thus, this study
was aimed to illustrate the potential and bidirectional effect
of metformin on both AIS and ALI in T2DM patients
with COVID-19.

MATERIALS AND METHODS

Study Design

In this retrospective cohort study, a total of 42 COVID-19
patients with T2DM with ages ranging from 41 to 66 years
(12 females and 30 males) who presented with AIS within 1
week of showing COVID-19 symptoms were recruited from
a single institutional COVID-19 sector and compared to 21
matched healthy controls. All COVID-19 patients with AIS were
diagnosed cooperatively by an internist and neurologist using
a full medical record, physical and neurological examinations,
as well as biochemical and serological investigations. According
to the current anti-diabetic pharmacotherapy, the patients were
divided into two groups: Group I (the Metformin group),
comprising T2DM patients with COVID-19 and AIS on
metformin therapy (850 mg, 3 times daily) (n = 22), and Group
IT (the Non-metformin group), comprising T2DM patients with
COVID-19 and AIS on another anti-diabetic pharmacotherapy
(n =20).

AIS patients were selected according to the diagnostic criteria
of the American Academy of Neurology (15). The diagnosis of
COVID-19 was done according to the COVID-19 diagnostic
criteria reported by Ma et al. (16). All study procedures were done
according to the Helsinki Declaration.

Recruited patients and healthy controls gave informed
consent for their contribution to this study. This study
was done in the Department of Clinical Pharmacology and
Therapeutic and was approved by the Clinical Research and
Ethical Committee Board, College of Medicine, Al-Mustansiryia
University, Iraq, Bagdad, reference number MTR 21/3/2020.

Inclusion and Exclusion Criteria

In this study, inclusion and exclusion criteria were defined
as follows. T2DM patients aged > 40 years who presented
with COVID-19 and AIS with/without metformin therapy
were included in this study. History of cigarette smoking was
considered in the inclusion criteria. On the other hand, patients
with hemorrhagic stroke, T1IDM, thyroid disorders, ischemic
heart disease, valvular heart diseases, acute and chronic liver
disorders, acute and chronic renal disorders, bacterial sepsis,
mental and psychiatric disorders, complicated stroke, connective
tissue disorders, or malignancies were excluded.

Radiological Imaging

Brain computed tomography (CT) scan was done to confirm
the focal neurological injury within 48h from admission of
AIS patients. Also, chest X-ray and lung CT scan investigations
were done to confirm the existence of bilateral ground glass
appearance in suspected COVID-19 patients. Lung CT scan
scoring was done according to Francone et al. (17), where a score
of 0: no lung involvement; score 1: < 5% involvement of lung;
score 2: involvement of 5-25% of lung; score 3: involvement of
26-50% of lung; score 4: involvement of 51-75% of lung; and
score 5: involvement >75% of lung.

Anthropometric Measurements
Body mass index (BMI) was measured by the specific equation:
BMI = Weight (kg)/Height (m?). Systolic and diastolic blood
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FIGURE 1 | Consort-flow chart of the study.

pressure (SBP and DBP) were measured from the left arm at a
supine position using an automated digital sphygmomanometer.
Pulse pressure (PP) and mean arterial pressure (MAP) were
estimated according to the Al-Kuraishy et al. (14) method.

Biochemical Measurements

Following overnight fasting, 10ml of venous blood sample
was drawn for the assessment of inflammatory biomarkers and
glycemic indices. Fasting blood glucose (FBG) and glycated
hemoglobin (HbA1c) were measured by automated colorimetric
assay. A homeostatic model for the assessment of insulin
resistance (HOMA-IR) was used for determination of insulin
resistance (IR). Lipid profile, including total triglyceride (TG),
total cholesterol (TC) and high-density lipoprotein (HDL), were
measured by the ELISA kit method. Other lipid profiles were
measured indirectly by specific equations, including low density
lipoprotein (LDL) by Friedewald formula, atherogenic index (AI)
= log (TG/HDL), very-low-density lipoprotein (VLDL) = TG/5,

atherogenic coefficient (AC) = TC-HDL/HDL, and cardiac risk
ratio (CRR) = TC/HDL (18).

Serum ferritin (NV: 20-250 ng/ml), C-reactive protein (CRP)
(NV: 0-5 mg/L), lactate dehydrogenase (LDH) (NV: 100-
190 U/L), D-dimer (NV: < 230ng/ml), and serum insulin
levels were measured by ELISA kit methods. Each sample was
measured twice and a mean of the values was used to minimize
measurement errors.

Serological Investigations

A polymerase chain reaction anti-COVID-19 test to detect both
immunoglobulin (Ig) M and IgG antibodies was used. The cut-off
value was 0.00-0.04 mIu/ml for both IgM and IgG.

Estimation of Stroke Risk Score
Stroke risk score (SRS) was estimated in AIS patients and healthy
controls according to sheet questionnaires that considered age,
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TABLE 1 | Patients’ demographic characteristics.

Parameters Healthy controls Covid-19/AIS/T2DM p value
patients

n 21 (33.30) 42 (66.67) 0.01

Age (years) 48.08 + 6.51 47.28 £ 6.73 0.65

Male gender 14 (66.67) 30 (71.42) 0.69

Positive family history 3(14.28) 29 (69.04) 0.001

Smoking 5 (23.80) 31 (73.80) 0.001

Co-morbidities

Hypertension 36 (85.71)

IHD 22 (52.38)

Dyslipidemia 31 (73.80)

Previous AIS 11 (26.19)

Duration of T2DM (years) 3.5+ 1.21

Diabetes therapy

Metformin 22 (52.38)

Non-metformin 20 (47.61)

Glibenclamide 15 (75.00)

Pioglitazone 2 (10.00)

SGT2 inhibitors 3(15.00)

Another drug therapy

Aspirin 8 (38.09) 19 (45.23) 0.59

Clopidogril 11 (26.19)

Fenofibrate 6 (14.28)

Statins 9(21.42)

B-blockers 31 (73.80)

CCBs 18 (42.85)

Antivirals 42 (100)

Antibiotics 40 (95.23)

Corticosteroids 20 (47.61)

Oxygen support 19 (45.23)

Enoxaparin

At Covid-19 6 (14.28)

At AIS 31 (73.80)

Data presented as n, %, mean £ SD. IHD, ischemic heart disease; AlS, acute ischemic
stroke; CCB, calcium channel blocker.

BMI, blood pressure, and the presence of cardiometabolic
disturbances according to the American Stroke Association (19).

Statistical Analysis

Data analysis was made by using the Statistical Package for Social
Sciences (SPSS) software (IBM Corp, V. 24; Armonk, NY, USA).
Results were presented as mean =+ standard deviation (SD),
absolute values, and percentage. One-way analysis of variance
(ANOVA) and unpaired ¢ tests were used for the assessment
of differences between groups. Pearson correlation was used for
calculation of the correlations level. The level of significance was
regarded as p value < 0.05.

RESULTS

In the present study, a total of 51 T2DM patients with COVID-
19 and AIS were recruited; nine patients were excluded, three

TABLE 2 | Clinical presentation of T2DM patients with COVID-19 and acute
ischemic stroke.

Clinical findings Metformin Non-metformin p value
(n=22) (n =20)

Unilateral paralysis 18 (81.81) 20 (100) 0.004
Single limb paralysis 5(22.72) 3 (15.00) 0.45
Aphasia 9 (40.90) 8 (40.00) 0.94
Dysartharia 11 (50.00) 11 (55.00) 0.7
Dysphagia 4(18.18) 6 (30.00) 0.31
Delirium 2(9.09) 2(10.00) 0.9
Convulsion 3(13.63) 4 (20.00) 0.53
Visual loss 1(4.54) 2 (10.00) 0.45
Coma 5(22.72) 3(15.00) 0.45
Fever 21 (95.45) 18 (90.00) 0.46
Dyspnea 11 (50.0) 11 (565.00) 0.7
Headache 16 (72.72) 18 (90.00) 0.07
Diarrhea 4(18.18) 3(15.00) 0.74
Sweating 19 (86.36) 17 (85.00) 0.88
Anosmia 14 (63.63) 17 (85.00) 0.05

Data presented as n, %.

due to acute renal failure (ARF), two due to heart failure, and
four due to malignancy. Thus, only 42 patients completed the
study and were compared to 21 healthy controls. As stated above,
patients were divided according to the diabetic pharmacotherapy
into metformin-treated (n = 22), 52.38%, and non-metformin
treated (n = 20), 47.61%, groups. Both groups of patients and
healthy controls were investigated for the effect of metformin on
clinical features and inflammatory and cardiometabolic profiles
of T2DM patients with COVID-19 and AIS (Figure 1).

Regarding patients’ demographic features (Table1), there
were no differences for both age and gender (p > 0.05).
The positive family history for T2DM and AIS, as well
as smoking status, was higher in AIS patients compared
to controls (p = 0.001). Concerning the anti-diabetic
pharmacotherapy, 52.28% of patients were on metformin therapy
and 47.61% were on another diabetic pharmacotherapy, such as
glibenclamide, pioglitazone, or sodium-glucose co-transporter
(SGT?2) inhibitors.

Regarding clinical presentation of T2DM patients with
COVID-109, all patients (n = 42) presented with AIS, 22 (52.38%)
of them were on metformin therapy, and 20 (47.61%) were
on another therapeutic regimen. No clinical signs or symptoms
significantly differed in T2DM patients with COVID-19 and AIS
regarding metformin therapy (p > 0.05) with the exception of
unilateral paralysis, which was higher in non-metformin (100%)
compared to metformin treated patients (100% vs. 81.81%,
p = 0.004) (Table 2).

Concerning the cardiometabolic profile and inflammatory
biomarkers in T2DM patients with COVID-19 and AIS (Table 3),
most parameters were higher in patients compared to controls (p
< 0.001), although no significant differences in BMI and CRR
were stated. In metformin-treated patients, BMI, blood pressure
profile, glycemic indices, hemoglobin, and WBC indices did not
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TABLE 3 | Cardio-metabolic profile and inflammatory biomarkers in T2DM patients with COVID-19 and AlS regarding metformin therapy compared with the controls.

Variables Controls Metformin Non-metformin A B Cc ANOVA
(n=21) (n=22) (n =20)

BMI (kg/m?) 31.68 +3.12 31.99 + 3.71 32.93 +3.92 ns ns ns 0.51
SBP (mmHg) 123.64 + 7.36 144.82 + 9.31 148.89 £+ 9.65 0.0001 0.0001 ns 0.0001
DBP (mmHg) 78.56 + 5.32 87.08 + 6.47 90.61 £ 7.41 0.0001 0.0001 ns 0.0001
PP (mmHg) 45.08 + 3.78 57.74 + 4.92 58.22 + 5.83 0.0001 0.0001 ns 0.0001
MAP (mmHg) 93.59 + 7.41 106.33 + 8.61 110.04 + 8.46 0.0001 0.0001 ns 0.0001
TC (mg/dL) 147.05 + 11.68 186.63 + 9.42 273.52 + 11.81 0.0001 0.0001 0.0001 0.0001
TG (mg/dL) 144.85 + 9.51 212.68 + 13.93 285.42 +17.45 0.0001 0.0001 0.0001 0.0001
VLDL (mg/dL) 28.97 + 3.88 42.53 + 8.56 57.08 +£9.47 0.0001 0.0001 0.0001 0.0001
HDL-c (mg/dL) 55.89 + 4.97 49.22 +6.72 40.81 £8.22 0.0001 0.0001 0.03 0.0001
LDL-c (mg/dL) 62.20 + 7.61 94.90 + 9.52 175.60 + 11.83 0.0001 0.0001 0.0001 0.0001
CRR 2.63 +1.08 3.79 + 2.61 6.70 + 4.82 ns 0.004 0.01 0.0004
Al 0.06 £ 0.002 0.27 £+ 0.01 0.47 £0.02 0.0001 0.0001 0.0001 0.0001
AC 1.63 £ 0.86 2.7 £0.96 5.83+1.85 0.02 0.0001 0.0001 0.0001
FBG (mg/dL) 89.63 + 6.03 144.71 £ 8.91 145.64 £+ 8.22 0.0001 0.0001 ns 0.003
HbA1c (%) 5.3 +0.53 6.7 £2.41 7.4 +£282 0.04 0.01 ns 0.007
Serum insulin (mIU/L) 8.13+2.11 17.52 + 3.81 18.56 £+ 3.25 0.01 0.01 ns 0.003
HOMA-IR 1.63 £ 0.86 6.92 + 2.61 7.04 £+ 3.61 0.003 0.003 ns 0.002
S. Ferritin (ng/mL) 90.51 +10.87 365.93 + 17.41 475.92 £22.78 0.0001 0.0001 0.0001 0.0001
CRP (mg/L) 3.16 + 1.08 43.85 + 6.04 48.54 +£6.13 0.0001 0.0001 0.04 0.0001
LDH (U/L) 133.71 +£9.53 287.92 + 13.84 299.63 + 14.75 0.0001 0.0001 0.0001 0.0001
D-dimer (ng/mL) 21.92 +3.17 285.53 + 14.94 307.84 + 15.82 0.0001 0.0001 0.0001 0.0001
Oxygen saturation (%) 98.99 + 1.11 94.86 + 3.61 94.62 £ 3.79 0.0001 0.0001 ns 0.0001
WBC (10%/pL) 8.30 +2.16 16.63 + 3.85 17.92 £ 3.44 0.0001 0.0001 ns 0.0001
Neutrophil % 66.53 + 4.81 77.42 +8.21 78.66 + 8.11 0.0001 0.0001 ns 0.0001
Lymphocyte % 34.86 + 6.92 16.58 + 5.49 14.87 £+ 4.31 0.0001 0.0001 ns 0.0001
Hb (mg/dL) 13.59 + 1.43 12,53 + 1.22 12.74 +£1.64 0.04 ns ns 0.04
Platelets (10%/uL) 342.69 + 12.94 262.43 +12.49 209.45 + 11.82 0.0001 0.0001 0.0001 0.0001

Data presented as mean + SD. ns, not significant; A, metformin vs. control; B, non-metformin vs. control; C, metformin vs. non-metformin; BMI, body mass index; SBF, systolic blood
pressure; DBF, diastolic blood pressure; PR, Pulse pressure; MAF, mean arterial pressure; TG, total triglyceride; TC, total cholesterol (TC); HDL, high density lipoprotein; LDL, low density
lipoprotein; Al, atherogenic index; VLDL, very low density lipoprotein; Al, atherogenic coefficient; CRR, cardiac risk ratio; FBG, Fasting blood glucose; HbATc, glycated hemoglobin;
HOMA-IR, Homeostatic model for assessment of insulin resistance; LDH, lactate dehydrogenase.

differ from that stated in non-metformin treated patients (p
> 0.05). On the other hand, lipid profile, atherogenic indices,
and inflammatory cytokines were lower in metformin-treated
patients as compared to non-metformin treated patients (p <
0.05). Ferritin serum levels were lower in metformin-treated
when compared to non-metformin treated patients (365.93 =+
17.41 ng/mL vs. 475.92 & 22.78 ng/mL, p = 0.0001). In addition,
the serum CRP levels were lower in metformin-treated when
compared to non-metformin treated patients (p = 0.04). Both
LDH and D-dimer serum levels were lowered in metformin-
treated patients compared to non-metformin treated patients (p
= 0.0001). Platelet count was reduced in non-metformin treated
patients compared to metformin treated patients (p = 0.0001).
In addition, lung CT scan score percentage of COVID-19
patients was 30.62 & 10.64 for metformin-treated patients and
36.31 £ 5.03 for non-metformin treated patients (Figure 2).
Moreover, the neutrophil: lymphocyte ratio (NLR) was higher in
T2DM patients with COVID-19 and AIS compared to controls
(p = 0.0001); however, NLR did not significantly differ between

non-metformin treated and metformin-treated patients (5.2 +
1.2 vs. 4.67 & 1.7, p = 0.06) (Figure 3).

Also, the SRR in T2DM patients with COVID-19 and AIS
was higher in comparison to controls (p = 0.0001), although
was lower in metformin-treated patients (3.42 £ 1.05) when
compared to non-metformin treated patients (7.96 + 1.96) (p =
0.01) (Figure 4). Also, SRR was correlated with the inflammatory
biomarkers in T2DM patients with COVID-19 and AIS in
both metformin-treated and non-metformin treated patients
(P < 0.001) (Table 4).

DISCUSSION

In this study, it was illustrated that SARS-CoV-2 infection in
T2DM patients augments the risk of AIS through the provocation
of underlying cardio-metabolic disturbances, as reported by Zaki
et al. (20). Most recruited patients had a positive family history
of stroke, smoking, hypertension, T2DM, and dyslipidemia that
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FIGURE 2 | Lung CT scan score in T2DM patients with COVID-19 on metformin therapy.
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FIGURE 3 | Neutrophil: lymphocyte ratio (NLR) in T2DM patients with COVID-19 and AIS compared with the controls. *P = 0.0001 compared to metformin and
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FIGURE 4 | Stroke risk ratio (SRR) in T2DM patients with COVID-19 and acute ischemic stroke compared with the controls. *P = 0.0001 compared to metformin and
non-metformin treated patients. #P = 0.01 compared non-metformin treated patients.
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Bl Non-metformin(n=20)

increased the risk of AIS during the development of COVID-
19, as confirmed by Saban-Ruiz et al. (21). Correspondingly,
it has been shown that the risk of AIS during COVID-19 is
approximately 5%, with 65.6% of AIS in COVDI-19 patients
being labeled as cryptogenic stroke. A delay in the diagnostic
investigation of COVID-19 patients may also contribute to the
high rate of cryptogenic stroke (22).

In our retrospective cohort study, the clinical presentation
of the disease started within 1 week after SARS-CoV-2
infection, as reported by Yaghi et al. (23) who stated in
their retrospective cohort study a median of 10 days for AIS
onset following COVID-19. COVID-19-induced-AIS may be
due to a combination of cardio-metabolic disturbances and
COVID-19-related mechanisms, such as hyper-coagulation,
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TABLE 4 | Correlation of inflammatory biomarkers in T2DM patients with
COVID-19 and acute ischemic stroke.

Biomarkers Metformin (n = 22) Non-metformin (n = 20)
r P r P

S. Ferritin (ng/mL) 0.56 0.006 0.77 0.0001

CRP (mg/L) 0.61 0.002 0.84 0.0001

LDH (U/L) 0.58 0.004 0.75 0.0001

D-dimer (ng/mL) 0.91 0.0001 0.96 0.0001

NLR% 0.55 0.005 0.56 0.006

NLR, neutrophil: lymphocyte ratio; LDH, lactate dehydrogenase.

cytokine storm, vasculitis, endothelial dysfunction, and
cardiomyopathy-induced cardiac arrhythmias (24). Notably,
binding of SARS-CoV-2 to the ACE2 receptors, which are
also abundant in the vascular endothelium, may trigger an
inflammatory reaction and lymphocytic endothelitis with
subsequent development of endothelial dysfunction and
overall impairment of microcirculatory function (25). In
addition, the endothelial dysfunction induced by SARS-CoV-
2, along with the underlying T2DM-induced endothelial
dysfunction, leads to cerebral microcirculatory failure
with the development of brain ischemia and AIS (26).
Thereby, the development of AIS in the T2DM patients
of the present study might be due to a the pre-existence
of cardio-metabolic disorders during the development of
COVID-19 pneumonia.

On the other hand, data obtained in this study also
underline the association between COVID-19 and elevation
of inflammatory (CRP and ferritin), coagulation (D-dimer),
and tissue injury biomarkers (LDH), consistent with recent
published studies (27). Indeed, hyperinflammation and cytokine
storm in COVID-19 increase the risk of multi-focal AIS
due to impairment of vasodilator endothelial heparin sulfate,
complement activation, and micro-vascular thrombosis (27). For
example, a recent study comparing AIS alone with COVID-19-
associated AIS showed no differences in cardio-metabolic risk
factors, suggesting a specific mechanism of SARS-CoV-2 action
in the pathogenesis of AIS (28). However, in the present study
most recruited patients had a poor cardio-metabolic profile that
predisposed them for the development of AIS. So, the pure
mechanism of SARS-CoV-2-induced-AIS was not confirmed in
our study due to limitations in the detection of SARS-CoV-2 at
the infarction sites.

Indeed, SARS-CoV-2 binding to the ACE2 receptor in
cardiomyocyte leads to myocardial injury with the induction
of cardiac arrhythmia and increasing risk of thrombo-
embolism-induced AIS (29). Respiratory insufficiency-induced
hypoxemia and cytokine storm in COVID-19 also cause indirect
cardiomyocyte injury (30). However, the echocardiographic
profile and troponin serum levels were not addressed in
this study.

Furthermore, in this study, 14.28 and 73.80% of recruited
patients received enoxaparin at the time of COVID-19 and AIS

diagnosis, respectively. Indeed, a delay in the initiation and the
use of unstandardized enoxaparin therapy may increase both
COVID-19 severity and complications, since enoxaparin therapy
reduces the risk of thrombo-embolism and development of
AIS (31). Also, enoxaparin improves the clinical outcomes of
COVID-19 patients, as it exerts a remarkable anti-inflammatory
and antiviral effect that attenuates COVID-19 coagulation
disorders, which are found in 22-55% of hospitalized patients
(32). In the present study, the high D-dimer serum level in the
recruited patients reflects the underlying COVID-19 induced-
coagulation disorders.

Specifically looking at the core of the present context,
which was to address whether metformin improved clinical
and laboratory findings in COVID-19 patients when compared
with non-metformin treated COVID-19 patients, a lower
percentage of unilateral paralysis in metformin-treated patients
when compared to non-metformin treated patients was shown.
Similar findings were also disclosed by Mima et al. (33), who
showed that metformin therapy in T2DM patients with AIS
reduces both acute neurological deficit and severity. Further,
the findings obtained here illustrate that metformin therapy in
T2DM patients with COVID-19 and AIS was associated with
a better cardiometabolic profile and inflammatory cytokines
levels compared with non-metformin-treated patients, mostly
attributed to their anti-inflammatory effects and ability to
improve the IR. Similarly, Kow and his colleague (34) found
that metformin therapy is associated with a reduction in the
mortality rate in hospitalized COVID-19 patients with T2DM
due to its anti-inflammatory and antiviral effects. Indeed, it
has been stated that the anti-inflammatory effect of metformin
is through the activation of the AMPK pathway that inhibits
the mTOR signaling and NF-kB pathway with subsequent
suppression of IL-6 and TNF-o with the activation of anti-
inflammatory IL-10. These changes triggered by metformin are
also able to attenuate the cytokine production from activated
macrophage and glial cells during severe COVID-19 and AIS-
induced neuroinflammation (35). Zeng et al. (36) confirmed
that metformin has a neuroprotective effect via the inhibition of
apoptosis and oxidative stress in AIS and thus can be viewed as a
promising preventive agent against ischemic-reperfusion in AIS.
However, biomarkers of oxidative stress and cellular activity of
NEF-kB and/or AMPK pathways were not evaluated in the present
study in relation to metformin therapy (37, 38).

Furthermore, the NLR was higher in T2DM patients with
AIS and COVID-19 compared to the healthy controls due to
neutrophil activation and lymphopenia. In fact, both AIS and
COVID-19 are associated with high NLR, with a high NLR in
AIS being linked to poor neurological outcomes and risk of
intra-cerebral hemorrhage (39), while high NLR in COVID-19
patients is regarded as an independent risk factor for COVID-
19 hospitilization and associated with a high mortality rate (40).
Dermirdal et al. (41) also found that metformin reduces NLR in
patients with T2DM. From this, it can be seen that neutrophils
play a fundamental role in the inflammatory responses to
ischemia/reperfusion injury by releasing oxidants, proteases, toll
like receptors (TLRs) activation, and releasing inflammatory
products (42). Despite these findings, metformin therapy in
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the present study was not associated with a reduction of NLR,
probably due to the small sample size or the dosage amount
of metformin not being sufficient to overcome neutrophil
recruitment. Soraya et al. (43) confirmed the dose-dependent
effect of metformin in the reduction of neutrophil activation
and recruitment.

Of note, metformin therapy has been linked to a lower
SRS compared to non-metformin treated patients due to its
neuroprotective effects (39). Metformin pre-treatment with
metformin in T2DM patients has also been associated with
reduced neurological severity during AIS development (44).
The potential neuroprotective effect of metformin in AIS has
also been related to an AMPK dependent-inhibition of the
NFkB pathway, cytokine activation, and associated blood brain
barrier disruption with significant amelioration of neuronal
glucose-oxygen consumption (33). Venna et al. (45) confirmed
that metformin therapy improves post-stroke recovery through
the modulation of AMPK signaling. Nevertheless, post-stroke
outcomes were not addressed in the present study.

Undeniably, the present study illustrated that metformin
therapy was linked to a lower ALI in COVID-19 patients,
as revealed by a recent report (45). However, although Do
et al. (46) revealed an insignificant effect of metformin on the
amelioration of ALI in T2DM patients with COVID-19, Wu
et al. (47) confirmed that metformin therapy may alleviate the
endotoxemia-induced ALI through restoration of lung AMPK
dependent inhibition of mTOR signaling. Thus, metformin
therapy in T2DM patients with COVID-19 and AIS leads to dual
protective effects on both the lung and brain.

On the other hand, metformin has potential antiviral effects
against different viruses through the activation of the AMPK
pathway (47). Recently, different studies have confirmed the
antiviral effect of metformin against SARS-CoV-2 replication
(48). The anti-SARS-CoV-2 activity of metformin is related
to different mechanisms, namely the AMPK activation by
metformin that leads to phosphorylation of the ACE2 receptor at
Ser-680, where the interaction, stabilization, and conformational
changes of ACE2 occur. These changes prolong the half-life of
bound and soluble ACE2 and become less sensitive for SARS-
CoV-2 binding (35). Also, the protective role of metformin
against ALI in COVID-19 patients seems to be related to lung
ACE2 up-regulation, exerting both anti-inflammatory and anti-
apoptotic effects. Additionally, up-regulated ACE2 prevents the
deleterious effect of high Ang II level in COVID-19-induced
pneumonia (49). Dalan (50) found that metformin mitigates
ALI in COVID-19-induced pneumonia through the inhibition
of neutrophil migration and chemotaxis with a mast cell
stabilizing effect.

Therefore, despite the small sample size, this study discloses
for the first time the dual protective effect of metformin
against COVID-19-induced pneumonia, ALI, and AIS
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