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Abstract. – OBJECTIVE: Type 2 diabetes 
mellitus (T2DM) is regarded as a chief risk fac-
tor for(coronavirus disease 2019 (COVID-19) 
owing to dysregulation of the expression of 
angiotensin-converting enzyme 2 (ACE2) and 
chronic low-grade inflammatory disorders. 
Metformin, an insulin-sensitizing agent for 
managing T2DM, has pleiotropic anti-inflam-
matory and oxidant potentials, which may less-
en the risk of diabetic complications. So, we 
aimed to reveal the potential role of metformin 
monotherapy in treating T2DM patients with 
COVID-19. 

PATIENTS AND METHODS: In this prospec-
tive cohort study, 60 hospitalized T2DM patients 
with COVID-19 on metformin plus standard an-
ti-COVID-19 treatments compared to 40 hospital-
ized T2DM patients with COVID-19 on other dia-
betic pharmacotherapy like insulin and sulfony-
lurea, were recruited. Inflammatory and oxida-
tive stress biomarkers and radiological and clin-
ical outcomes were assessed at admission time 
and at the time of discharge. 

RESULTS: The results of this study illustrated 
that metformin treatment in T2DM patients with 
COVID-19 was more effective in reducing inflam-
matory and oxidative stress biomarkers with 
significant amelioration of radiological scores 

and clinical outcomes compared to T2DM pa-
tients with COVID-19 on another diabetic phar-
macotherapy. 

CONCLUSIONS: Our findings highlighted 
that metformin efficiently managed T2DM pa-
tients with COVID-19 by reducing inflammatory 
and oxidative stress with mitigating effects on 
the radiological scores and clinical outcomes.

Key Words:
T2DM, Metformin, SARS-CoV-2.

Introduction

COVID-19 is a worldwide pandemic triggered 
by severe acute respiratory coronavirus type 2 
(SARS-CoV-2)1. Patients having COVID-19 might 
be asymptomatic or have mild flu-like sickness 
in 85% of cases. Nevertheless, 10-15% of the 
instances could suffer from moderate symptoms 
like fever, sore throat, headache, sweating, an-
osmia, dry cough, myalgia, and dyspnea. Severe 
cases (5% of the COVID-19 patients) could have 
severe symptoms, such as dyspnea, severe fever, 
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tachypnea, and signs of hypoxemia owing to the 
progress of acute lung injury (ALI) as well as acute 
respiratory distress syndrome (ARDS)2. It could 
progress to developing a critical case requiring 
admission to the intensive care unit (ICU) and 
mechanical ventilation. Most COVID-19 patients 
recovered with a low mortality rate (2-3%) without 
complications. Nevertheless, hospitalized severely 
COVID-19 patients in the ICU have high mortal-
ity (up to 50%). In addition, if recovered, most 
of them could develop long-term complications 
called post-COVID-19. The underlying reasons 
for this high mortality rate in critically COVID-19 
patients are attributed to the cytokine storm and 
its linked complications, such as ARDS, respira-
tory failure, multi-organ failure (MOF), as well as 
shock3.)

Thousands of SARS-CoV-2 variants are 
grouped into monophyletic groups known as 
clades, which are divided SARS-CoV-2 variants 
into five groups, alpha, beta, gamma, delta, and 
omicron4 (Table I).

A downregulation usually occurs after the 
interaction between SARS-CoV-2 and angioten-
sin-converting enzyme receptor-2 (ACE2) recep-
tors. ACE2 participates in the regulation of the re-
nin-angiotensin system (RAS), and it transforms 
the pro-inflammatory angiotensin II (AngII) to 
the anti-inflammatory Ang1-7. Thus, when ACE2 
is downregulated, a rise in the circulating AngII 
will be induced with a decrease in the Ang1-7. 
Such alterations would augment the discharge of 
the pro-inflammatory cytokines as well as tissue 
injury5. 

Also,(SARS-CoV-2 can attach cluster differen-
tiation 147 (CD147) that is significantly expressed 
in the erythrocytes, endothelial, epithelial, neu-
ronal, and lymphocyte cells. CD147 could induce 
various inflammatory diseases via prompting the 
discharge of the inflammatory cytokines and 
platelet activation6. Likewise, SARS-CoV-2 can 
bind dipeptidyl peptidase 4 (DPP4), but to a 
lower degree than ACE27. DPP4 is central to glu-
cose metabolism by degrading incretins like glu-

cose-dependent insulinotropic polypeptide (GIP) 
and glucagon-like peptide 1(GLP-1). Over-expres-
sion of DPP4 in obesity and type II diabetes mel-
litus (T2DM) is linked with the development of 
hyperglycemia8. Also, DPP4 has a non-enzymatic 
activity, as it activates T cell via the production of 
co-stimulatory signals after binding to adenosine 
deaminase9. Herein, DPP4 is implicated in the 
development of immunoinflammatory disorders. 
Consequently, DPP4 might be a potential connec-
tion between COVID-19 and DM, which could 
explain the vulnerability of diabetic patients to 
the influence of COVID-19. 

The probable risk factors for(COVID-19 are 
linked to many factors, including gender, age, 
and co-morbidities like T2DM10. T2DM is regard-
ed as a metabolic disorder and may present with 
acute and chronic complications like diabetic ke-
toacidosis and chronic renal failure11. It has been 
shown that obesity, gestational diabetes, and lack 
of exercise increase the hazard for the progression 
of T2DM12. T2DM is typically started in the mid-
dle age group, though it may begin at the young 
age group called maturity-onset diabetes of youth 
(MODY)13,14. The pathophysiology of hypergly-
cemia in T2DM is linked to peripheral insulin 
resistance (IR) as well as relative insulin deficien-
cy15. T2DM is regarded as a potential risk factor 
for COVID-19 severity owing to dysregulation of 
ACE2, DPP4, and CD147, as well as chronic low-
grade inflammatory disorders16,17.

T2DM is a mainly preventable disease by reg-
ular exercise and dietary changes with reduced 
body weight in obese patients18. Metformin is 
an insulin-sensitizing compound utilized as a 
first-line for T2DM. Metformin is an oral drug 
absorbed from the small intestine by the plasma 
membrane monoamine transporter (PMAT) that 
is highly expressed in the enterocytes. Its uptake 
is undertaken by the organic cation transport-
er 2 (OCT2) expressed on the brush border of 
enterocytes19. Metformin has a positive charge, 
and it is highly accumulated in cells with a neg-
ative charge, like mitochondria20,21. Metformin 

Table I. SARS-CoV-2 variants.

 Variants  Lineage  Country  Date  Transmission 

Alpha  B.1.1.7 United Kingdome 2020 High
Beta  B.1.351 South Africa 2020 High
Gamma  P.1 Brazil 2020 High
Delta  B.1.617.2 India 2020 High
Omicron  B.1.1.529 Botswana 2021 Low 
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hinders the production of ATP by inhibiting the 
mitochondrial complex I, causing an increase 
in the adenosine monophosphate protein kinase 
(AMPK)22. AMPK decreases gluconeogenesis, 
fat synthesis, and hepatic fat storage, improving 
insulin sensitivity23. In addition, metformin stim-
ulates the utilization of glucose by the microbiota 
in the gut by activating the discharge of the GLP-
1 from L cells in the intestine24. Moreover, met-
formin improves peripheral glucose utilization by 
increasing the expression of glucose transporter 
type 4 (GLUT4) with subsequent improvement of 
insulin sensitivity25. Also, metformin has pleio-
tropic characteristics, including anti-inflamma-
tory and oxidant properties, thus decreasing the 
complications of diabetes26,27.

Recently, it has been shown that metformin 
was efficient against the proliferation of SARS-
CoV-2 as documented in in silico studies28,29. 
Metformin in combination with DPP4 inhibitors 
was also efficient in the control of T2DM patients 
with COVID-19. Therefore, we aimed to elucidate 
the possible role of metformin monotherapy in 
managing T2DM patients with COVID-19.

Patients and Methods 

Study Design 
In this prospective cohort study, 60 hospi-

talized T2DM patients (45 men and 15 women) 
with COVID-19 aged 45-61 years on metformin 
therapy 850 mg twice daily plus standard an-
ti-COVID-19 treatments compared to 40 hospi-
talized T2DM patients (35 men and five wom-
en) with COVID-19 aged 46-63 years on other 
diabetic pharmacotherapy like insulin and sul-
fonylurea were recruited. The study continued 
for 21 days. This study was conducted in the 
Al-Atah Medical Center, a specialized center for 
treating COVID-19, from March to June 2020 in 
Baghdad, Iraq. Furthermore, all methods were 
accomplished in agreement with the applicable 
guidelines and regulations of the Helsinki Dec-
laration30. Written consent was obtained from all 
hospitalized patients or their relatives. This study 
was approved by a scientific jury and the editorial 
board in the College of Medicine, Al-Mustan-
siriyah University, Iraq, Baghdad, according to 
reference No. 34MTR on 20/2/2020. T2DM pa-
tients aged > 40 years on metformin and/or other 
diabetic pharmacotherapy were included in this 
study. Nevertheless, T2DM patients with compli-
cations on metformin in combination with oth-

er anti-diabetic pharmacotherapy were excluded 
from this study. The hospitalized patients were 
prospectively evaluated at hospitalization time, 
during hospitalization time, and at the time of re-
lease for clinical and radiological outcomes. Past 
medical history, demographic data, and clinical 
and radiological outcomes were collected.

Study Outcomes
The main results were the consequence of met-

formin monotherapy in T2DM patients having 
COVID-19 on the inflammatory and oxidative 
stress biomarkers as well as radiological and 
clinical outcomes. The secondary outcomes were 
hospital stay and mortality.

Anthropometric Profile
Body mass index (BMI) was detected as fol-

lows:
BMI = weight (kg)/height (m2)8

Both systolic blood pressure (SBP) and diastol-
ic blood pressure (DBP) of patients and controls 
were detected by an automated digital sphygmo-
manometer at the supine position from the left 
arm repeated twice for more precision values. 
Other pressure indices were estimated indirectly 
as follows:
Mean arterial pressure (MAP) = (SBP+2DBP)/3
Pulse pressure (PP) =SBP-DBP or MAP-DBP

The assessment of the biochemical profile, the 
radiological profile, and clinical outcomes are 
shown in the supplementary file. 

Statistical Analysis
SPSS (IBM, Chicago, IL, USA) was used in 

the current study. The results were presented as 
percentages (%), numbers (n), and mean ± stan-
dard deviation (SD). The ANOVA test revealed 
the statistical difference between more than three 
groups at p-value < 0.05.

Results 

Demographic Features
In Table II, the demographic features showed 

that 100 T2DM male patients with COVID-19 
aged 48.82±5.09 years. The duration of T2DM 
was 4.96±2.53 years, and 60 (60%) T2DM pa-
tients with COVID-19 were on metformin thera-
py compared to 40 (40%) of T2DM patients with 
COVID-19 on other diabetic medicine. Associat-
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ed treatments in T2DM patients with COVID-19 
were statins, fenofibrate, anti-hypertensive med-
ications, anti-platelets, anticoagulants, and mon-
telukast. In-hospital treatments of T2DM patients 
with COVID-19 were oxygen supplements, anti-

viral, prophylactic antibiotics, and other compo-
nents of anti-COVID-19 standard treatments. In 
addition, T2DM patients with COVID-19 were 
related to other comorbidities like hypertension, 
ischemic heart disease (IHD), dyslipidemia, and 
mild asthma.

Clinical Presentations 
T2DM patients with COVID-19 on metformin 

as a single therapy presented with less fever, GIT 
disorders, shock, cardiovascular disorders and 
dysglycemia compared to other treatments for di-
abetes (p<0.05). However, hypoxemia was more 
prevalent in T2DM patients with COVID-19 
on metformin than other diabetic treatments 
(p=0.005). The remaining clinical outcomes had 
no considerable difference (Table III).

Anthropometric, Cardiometabolic and 
Inflammatory Profiles  

Blood pressure profile and BMI were not 
considerably different in T2DM patients with 
COVID-19 on metformin monotherapy (Group I) 
in relation to T2DM patients with COVID-19 on 
other diabetic therapy (Group II) (p>0.05). Gly-
cemic indices except for HbA1c were ameliorated 
at the time of discharge (D) in comparison with 
the admission time (A) in both groups (p<0.05). 
Besides, lipid profiles were ameliorated at the 
time of discharge (D) in relation to the time of 
admission (A) in both groups (p<0.05). Cardiac 
indices AI and CVRI were lessened, while AC 
and CRR were not alleviated at discharge (D) 
compared with the admission time (A) in both 

*Data expressed as mean ± SD.

Table II. Demographic characteristics of the patients.

 Variables  Number* (%)

Number 100
Age (years) 48.82 ± 5.09
Male sex  80 (80%)
Duration of T2DM (years) 4.96 ± 2.53
Diabetic therapy  
Metformin monotherapy 60 (60%)
Other 40 (40%)
Associated treatments  
Statins  42 (42%)
Fenofibrate 39 (39%)
Anti-platelets 23 (23%)
Anticoagulants   4 (4%)
Antihypertensive 52 (52%)
Angiotensin-converting 22 (42.30%)
  enzyme inhibitors 
Angiotensin receptor blockers 20 (38.46%)
Calcium channel blockers 10 (19.23%)
Montelukast   5 (5%)
In-hospital treatments 
Oxygen supplements 89 (89%)
Antiviral drugs 98 (98%)
Prophylactic antibiotics 29 (29%)
Comorbidities  
Hypertension  52 (52%)
Dyslipidemia  81 (81%)
Ischemic heart disease 11 (11%)
Mild asthma  5 (5%)

Table III. Clinical presentations of T2DM patients with COVID-19.

 Features  I (n = 60) II (n = 40) p-value

Fever  49 (81.66) 38 (95.00) 0.007*
Headache 51 (85.00) 36 (90.00) 0.38
Sweating 56 (93.33) 38 (95.00) 0.66
Dry cough 60 (100.00) 40 (100.00) -
Dyspnea  51 (85.00) 39 (97.50) 0.05
Hypoxemia  49 (81.87) 34 (56.67) 0.005*
Anosmia 51 (85.00) 37 (92.50) 0.16
Asthenia 50 (83.33) 38 (95.00) 0.08
Myalgia  41 (68.33) 33 (82.50) 0.11
GIT disorders 23 (38.33) 29 (72.50) 0.0009*
Shock  3 (5.00) 9 (22.50) 0.01*
Cardiovascular disorders 7 (11.67) 11 (27.50) 0.04*
Oxygen requirement  51 (85.00) 40 (100.00) -
Diabetic complications
Diabetic ketoacidosis 7 (11.67) 9 (22.50) 0.14
Hyperglycemia 23 (38.33) 33 (82.50) 0.0001*
Hypoglycemia  1 (1.67) 11 (27.50) 0.0001*
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groups. Regarding the inflammatory biomarker 
levels, CRP was reduced from 23.90±4.66 mg/L 
at the time of A to 9.06±3.72 mg/L at the time 
of D (p<0.0001) in Group I. However, it reduced 
from 25.09±3.61 mg/L to 13.51±3.92 mg/L in 
Group II. The reduction was more in Group I in 
relation to Group II (p=0.04). Likewise, other 
inflammatory biomarkers were also ameliorated 
in both groups, though this difference was more 
in Group I in regard to Group II (p<0.001). These 
changes were also revealed in WBC count, lym-
phocyte %, neutrophils %, and NLR in Group 
I in relation to Group II (p=0.01). CT scan and 

clinical scores were more ameliorated in Group I 
in relation to Group II at the time of D (p=0.01) 
(Table IV).

Oxidative Stress Biomarkers
TOS was higher in Group I at A time of 

16.73±4.72 µmol/L, which reduced to 6.92±2.82 
µmol/L (p=0.004). Nevertheless, TOS was 
reduced insignificantly in Group II from 
18.55±5.41 µmol/L at A time to 16.95±5.71 
µmol/L at D time (p=0.06). The difference in 
TOS was significant at D time in Group I in 
relation to Group II (p=0.006). TAS was low in 

Table IV. Anthropometric, cardiometabolic and inflammatory profile in T2DM patients with COVID-19 on metformin 
monotherapy in relation to other diabetic pharmacotherapy.

                              Group I                              Group II

Parameters A (n = 60) D (n = 57) p A (n = 40) D (n = 31) p

BMI (kg/m2) 29.68 ± 2.91 29.51 ± 2.01 ns 30.38 ± 3.89 30.67 ± 3.11 ns
SBP (mmHg) 133.81 ± 10.93 132.78 ± 11.79 ns 135.21 ± 10.53 133.04 ± 10.73 ns
DBP (mmHg) 79.03 ± 8.05 78.04 ± 8.44 ns 78.99 ± 7.93 77.83 ± 7.51 ns
FBG (mg/dL) 123.61 ± 9.41 120.97 ± 9.51 ns 120.63 ± 8.42 122.94 ± 8.93 ns
FSI (µIU/mL) 19.05 ± 7.66 12.85 ± 4.52 0.0001 24.99 ± 9.01 16.94 ± 6.31 0.0001
HOMA2-IR 2.61 ± 1.05 1.77 ± 1.01 0.01 3.37 ± 1.91 2.33 ± 1.10 0.01
IS (%) 38.3 ± 9.52 56.5 ± 11.41 0.0001 29.7 ± 4.61 43.00 ± 9.27 0.0001
HbA1c (%) 6.93 ± 1.41 6.93 ± 1.45 ns 7.05 ± 2.93 7.05 ± 2.94 ns
TG (mg/dL) 190.78 ± 11.83 147.33 ± 12.41 0.0001 213.63 ± 13.91 154.88 ± 9.31 0.0001
TC (mg/dL) 119.68 ± 9.32 150.27 ± 11.91 0.0001 112.04 ± 7.94 145.94 ± 10.51 0.0001
HDL (mg/dL) 33.94 ± 8.05 40.73 ± 5.47 0.0001 31.61 ± 4.91 36.01 ± 5.91 0.01
non-HDL  85.74 ± 9.73 109.54 ± 10.81 0.0001 81.85 ± 9.31 109.73 ± 10.04 0.0001
VLDL (mg/dL) 38.15 ± 4.11 29.40 ± 9.44 0.0001 42.60 ± 4.02 31.06 ± 3.05 0.0001
LDL (mg/dL) 47.6 ± 6.51 86.9 ± 10.09 0.0001 37.7 ± 6.05 79.00 ± 8.26 0.0001
AC 2.5 ± 1.56 2.68 ± 1.22 ns 2.5 ± 1.02 3.05 ± 1.93 ns
AI 0.39 ± 0.06 0.19 ± 0.01 0.0001 0.47 ± 0.08 0.27 ± 0.04 0.0001
CVRI 5.6 ± 2.54 3.6 ± 1.99 0.01 6.7 ± 3.11 4.30 ± 2.56 0.01
CRR 3.52 ± 1.16# 3.68 ± 1.22 ns 3.5 ± 1.56 4.9 ± 1.41 ns
CRP (mg/L) 23.90 ± 4.66# 9.06 ± 3.72* 0.0001 25.09 ± 3.61 13.51 ± 3.92 0.0001
D-dimer (ng/mL) 314.95 ± 14.04# 172.02 ± 10.99* 0.0001 397.31 ± 19.37 292.88 ± 16.11 0.0001
Ferritin (ng/mL) 314.01 ± 17.11# 211.01 ± 9.91* 0.0001 398.54 ± 19.02 398.54 ± 19.02 0.0001
LDH (U/L) 229.63 ± 11.41# 177.81 ± 10.02* 0.0001 311.84 ± 19.05 217.89 ± 16.55 0.0001
PCT (ng/mL) 0.20 ± 0.04# 0.15 ± 0.01* 0.01 0.23 ± 0.03 0.19 ± 0.08 0.04
SaO2 (%) 92.07  ± 1.16# 98.07  ± 1.99* 0.0001 90.02  ± 1.22 96.04  ± 1.01 0.03
WBC (103/µL) 11.06 ± 3.05 8.91 ± 2.33 0.04 12.17 ± 3.81 9.61 ± 3.95 0.03
Lymphocytes (%) 17.81 ± 3.38 26.17 ± 5.53 0.01 14.03 ± 3.64 22.19 ± 4.21 0.001
Neutrophils (%) 82.73 ± 8.11 73.22 ± 6.03 0.003 85.93 ± 9.81 77.91 ± 8.11 0.005
NLR 4.64 ± 1.71# 2.79 ± 1.99* 0.03 6.12 ± 1.29 3.51 ± 1.78 0.02
CT scan score (%) 50.68 ± 3.92# 4.68 ± 1.92* 0.0001 59.21 ± 3.03 29.33 ± 4.09 0.0001
Clinical score (%) – 1.74 ± 1.03* – – 2.94 ± 1.88 0.0002
Mortality rate (%) – 5.0* – – 22.5 0.0001

Data expressed as mean ± SD, Group I: T2DM patients with COVID-19 on metformin monotherapy, Group II: T2DM patients 
with COVID-19 on other anti-diabetic agents, A: Admission time, D: Discharge time, BMI: Body mass index, SBP: Systolic 
blood pressure, DBP: Diastolic blood pressure, FBG: Fasting blood glucose, FSI: Fasting serum insulin,  HOMA2-IR: a 
homeostatic model for assessment of type 2 IR, IS: Insulin sensitivity, HbA1c: glycated hemoglobin, TG: triglyceride, TC: total 
cholesterol, HDL: high-density lipoprotein, LDL: low-density lipoprotein, VLDL: very low-density lipoprotein, AC: atherogenic 
coefficient, AI:  atherogenic index, CVRI: cardiovascular risk index, CRR: cardiac risk ratio, CRP: C-reactive protein, LDH: 
lactate dehydrogenase, PCT: procalcitonin, NLR: Neutrophil: lymphocyte ratio, ns: not significant, *p < 0.05 compared to the 
values at the time of D. #p < 0.05 compared to the values at the time of A.
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Group I (1,145.86±130.94 µmol/L) and Group II 
(1,123.72±190.03 µmol/L); these were increased 
to 1,246.21±180.55 µmol/L and 1,143.91±190.44 
µmol/L respectively. Therefore, OSI was 
ameliorated from 1.46±0.97 to 0.55 ±0.068 
(p=0.0001) in Group I, while it was reduced 
insignificantly from 1.65±0.81 to 1.48±0.85 
(p=0.07) (Figure 1).

Discussion 

It is observed that patients with T2DM have a 
greater incidence of COVID-19, which could be 
explained by the relatively higher ACE2 expres-
sion in patients having T2DM10,31. In addition, 
the higher expression of ACE2 in the pancreatic 
β cells may augment the risk of acute pancreatic 
injury induced by SARS-CoV-2 with the progres-
sion to a new-onset DM32. The high pro-inflam-
matory cytokines and the extravagant immune re-
sponse could persuade IR. Therefore, API and IR 
may cause new-onset DM in COVID-19 with the 
progression of hyperglycemia and blood glucose 

variability. Emerging data from Chinese studies 
involving 2,209 COVID-19 patients showed that 
11% had T2DM33.

Similarly, a systematic review by Yanga et 
al34 demonstrated that 8% of DM patients had 
COVID-19. Likewise, T2DM COVID-19 patients 
are associated with high severity and mortality35. 
These observations suggest that T2DM patients 
are at high risk for developing COVID-19 se-
verity and mortality compared to the general 
population.

This study revealed that COVID-19 could 
induce more complications due to inflamma-
tory and oxidative stress disorders. However, 
T2DM patients with severe COVID-19 on met-
formin monotherapy develop fewer complica-
tions compared to other diabetic pharmacother-
apy. Demographic characteristics of recruited 
patients showed that most of the patients were 
of male sex and had associated co-morbidities 
like obesity and hypertension that may affect 
the clinical course and final clinical outcomes. 
Male sex is considered a possible risk factor for 
increased severity of COVID-19, as documented 

A B

C

Figure 1. Oxidative stress in T2DM patients with COVID-19: Group I: T2DM patients with COVID-19 on metformin 
monotherapy, Group II: T2DM patients with COVID-19 on other anti-diabetic agents. A, Total oxidant status (TOS) was 
reduced significantly p=0.004 in Group I, while it was decreased insignificantly in Group II p=0.06. B, Total antioxidant 
status (TAS) was markedly increased by p=0.009 in Group I, though it was increased insignificantly by p=0.07 in Group II. C, 
Oxidative stress index (OSI) was reduced significantly p=0.0001 in Group I, though it was reduced insignificantly p=0.07 in 
Group II. A: Admission time, D: Discharge time.
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by longitudinal and retrospective studies36,37. 
Expression of ACE2 and hormonal differences 
in both sexes might be the possible mechanisms 
through which the female sex was more pro-
tected against COVID-19 severity38,39. Studies 

included 8,108 COVID-19 patients, 50% of the 
female sex and 47% of the male sex, illustrated 
that male COVID-19 patients were in greater 
danger of hospitalization, ICU transfer, the re-
quirement of endotracheal intubation and mor-
tality40,41. Besides, both obesity and hypertension 
reduce SARS-CoV-2 clearance with succeeding 
prolonged immune stimulation and overstated 
immune response42. It was revealed that SARS-
CoV-2 infection correlates with reduced choles-
terol, HDL, and LDL43. SARS-CoV-2 exploits 
HDL and HDL receptor scavenger receptor beta 
2 (SR-B2) to facilitate its entry. Hypolipidemia 
is also present in other viral infections; however, 
triglyceride level is augmented in SARS-CoV-2 
infection44,45. Hypolipidemia is mainly associat-
ed with mild-moderate COVID-19 and tends to 
escalate and normalize at the time of recovery46. 
Masana et al44 revealed that high triglyceride 
and low HDL at admission predict COVID-19 
severity and mortality. These outcomes align 
with this study’s results as most COVID-19 
patients with associated dyslipidemia and other 
co-morbidities at the time of admission develop 
COVID-19 severity. 

The recruited T2DM patients with severe 
COVID-19 were on other treatments, includ-
ing statins, fenofibrate, anti-platelets, anticoagu-
lants, ACE1s, ARBs, CCBs, and montelukast that 
may affect COVID-19 clinical course. Therefore, 
these treatments and other confounding factors 
were adjusted to ensure the therapeutic effect of 
metformin on COVID-19 compared to other dia-
betic pharmacotherapy.

At A time, Group I patients had fewer in-
flammatory biomarkers and better SaO2% and 
CT scan scores compared to Group II patients. 
Likewise, patients had fewer inflammatory bio-
markers, better SaO2%, CT scan and clinical 
scores at D time compared to Group II. However, 
oxidative stress biomarkers did not significantly 
differ at A time, but they were more ameliorated 
at D time in Group I patients in relation to Group 
II patients. Remarkably, the mortality rate was 
5% in Group I in relation to 22.5% in Group II. 
These novel findings may explain metformin’s 
pleiotropic anti-inflammatory, antioxidant, and 
pulmoprotective effects against the development 
and progression of COVID-19 severity.

Different clinical studies emphasized the 
protective role of metformin in the control of 
COVID-19. For example, a cohort study com-
prising 31966 T2DM patients with COVID-19 
revealed that metformin treatment decreased the 
hazard of in-hospital stay, ICU admission and 
mortality47,48. A retrospective cohort study per-
formed by Bramante et al49 indicated that met-
formin treatment effectively reduced mortality 
in hospitalized T2DM patients with COVID-19. 
An observational study exposed that metformin 
reduced COVID-19 severity and mortality in 
women with T2DM or obesity50, suggesting a 
gender-specific effect of metformin. A meta-anal-
ysis study involving nine studies with 10233 
COVID-19 patients revealed that COVID-19 pa-
tients administering metformin were associated 
with a low mortality rate in the pooled adjusted 
and non-adjusted models51,52. A meta-analysis in-
volving 17 clinical studies displayed that met-
formin decreased the severity and mortality of 
T2DM patients with COVID-1953. In addition, 
a systematic review and meta-analysis revealed 
that metformin treatment improves clinical out-
comes in mild-moderate COVID-1954,55. 

In T2DM patients, a higher binding affinity of 
SARS-CoV-2 to the overexpressed ACE2, T cell 
dysfunction, and reduction of SARS-CoV-2 clear-
ance augment the susceptibility for the progres-
sion of hyperinflammation as well as cytokine 
storm56,57).

As well, hyperglycemia in T2DM patients in-
creases the expression of the mechanistic target of 
the rapamycin (mTOR) pathway with subsequent 
discharge of the pro-inflammatory cytokines and 
T-cell dysfunction58,59. Interestingly, through ac-
tivating AMPK or inhibiting the mTOR pathway, 
metformin can attenuate the release of pro-in-
flammatory cytokines and COVID-19 severi-
ty56,60. Notably, metformin was initially used as 
an antiviral agent mainly against influenza virus 
infection, and reduction of blood glucose was the 
reported side effect61. Consequently, metformin 
may have probable effects against SARS-CoV-2 
infection. Metformin has been noticed to reduce 
the binding of SARS-CoV-2 to their receptors, 
ACE2, by induction of its phosphorylation. Met-
formin can also reduce the activity of DPP4 and 
CD14762,63. DPP4 and CD147 are engaged with the 
entry and severity of SARS-CoV-2 infection64,65. 
Therefore, inhibition of the expression of DPP4 
and CD147 by metformin may reduce tropism of 
SARS-CoV-2 infection with subsequent attenua-
tion of COVID-19 severity.
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In addition, metformin regulates the immune 
response by stimulating the development of an-
ti-inflammatory regulatory T cells (Treg) and 
alternative macrophages66,67. Furthermore, met-
formin hinders the expression of the different 
inflammatory signaling pathways like NLRP3 
inflammasome, NF-κB which are triggered in 
COVID-1968,69. Likewise, metformin prohibits 
macrophage and neutrophils in hyperoxia-in-
duced ALI. The experimental study confirmed 
that metformin can hinder the release of SARS-
CoV-2 from the endosome by increasing endoso-
mal pH56,70. These annotations support the notion 
that COVID-19 patients on metformin may de-
velop fewer complications during SARS-CoV-2 
infection. 

These results showed that T2DM patients on 
metformin therapy are linked with lower sever-
ity and mortality during SARS-CoV-2 infection. 
The proposed mechanism of metformin against 
COVID-19 is wide).

Notably, metformin has anti-inflammatory 
and antioxidant properties71, which may decrease 
SARS-CoV-2-induced hyperinflammation and 
oxidative stress. Coll et al72 revealed that met-
formin increases the expression and release of 
anti-inflammatory GDF15. Remarkably, growth 
differentiation factor 15 (GDF15) is considered a 
predictive and prognostic biomarker linked with 
COVID-19 severity73,74. Increased expression of 
GDF15 in COVID-19 could compensate for the 
counterbalance of SARS-CoV-2-induced hyper-
inflammation. Therefore, metformin may protect 
against COVID-19 through the GDF15-depen-
dent pathway. Unfortunately, the GDF15 serum 
level was not detected in this study.

Therefore, metformin’s anti-inflammatory and 
antioxidant effects have led to decreasing the 
inflammatory and oxidative biomarkers in this 
study with further improvement of the radiologi-
cal and clinical scores).

Metformin, in the present study, reduced ox-
idative stress burden and decreased COVID-19-
induced oxidative stress, which links with the 
development of hyperinflammation and critical 
complications75. It has been shown that antiox-
idants like vitamin D and flavonoids were effi-
cient in COVID-19 by reducing oxidative stress. 
A cohort study76 illustrated that metformin was 
effective in lessening nitrosative and oxidative 
stress biomarkers in T2DM patients through the 
restoration of antioxidant status76. These find-
ings suggest that metformin might be effective 
in managing COVID-19 via modification of the 

development and progression of oxidative stress.
Furthermore, different preclinical studies ob-

served that metformin could attenuate parquet 
and LPS-induced ALI/ARDS. Tsaknis et al77 ob-
served that metformin decreased ventilator-in-
duced ALI by restoring alveolar capillary perme-
ability in rabbits. Excitingly, metformin improves 
agmatine production from gut microbiota that 
inhibits the production of advanced glycation 
end-products (AGEs)78. Amplified AGEs expres-
sion is related to the severity of COVID-19 in 
elderly T2DM patients. Also, an experimental 
study showed that the administration of agmatine 
can attenuate ALI in rats79. These findings may 
clarify the enhancement effect of metformin on 
the oxygenation percentage in T2DM patients 
having a severe COVID-19 disease.

Moreover, metformin decreased D-dimer se-
rum levels considerably in T2DM patients with 
severe COVID-19 at discharge. Investigation of 
hospitalized T2DM COVID-19 patients revealed 
that using metformin has lower thrombotic com-
plications, as evidenced by low D-dimer serum 
levels80. Also, metformin can attenuate throm-
bosis risk by impeding platelet activation and 
the release of mitochondrial DNA in rats81. Fur-
thermore, metformin and metformin derivatives 
have pro-fibrinolytic properties, thereby limiting 
fibrinolytic failure during thrombotic events. In-
terestingly, metformin can lessen the expression 
of tissue plasminogen activator (tPA) with signifi-
cant inhibition of plasminogen activator inhibitor 
1 (PAI-1)81,82. This could clarify the possible de-
crease of metformin on D-dimer levels in T2DM 
COVID-19 patients.

Conclusions

Metformin was reported to have an inhib-
itory potential against SARS-CoV-2, as doc-
umented in in silico studies. Also, metformin 
combined with DPP4 inhibitors was found to 
be efficient in the control of T2DM patients 
with COVID-19. Thus, this perspective aimed 
to reveal the probable role of metformin in man-
aging T2DM patients with COVID-19. Treat-
ment of T2DM patients with COVID-19 using 
metformin showed a more efficient potential in 
reducing the inflammatory and oxidative stress 
biomarkers with a substantial improvement of 
the radiological scores and clinical outcomes 
compared to T2DM patients with COVID-19 
on other diabetic pharmacotherapy. Therefore, 
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clinical trials and prospective studies are needed 
to endorse the possible mechanistic role of met-
formin treatment against the development and 
progression of COVID-19.
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