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Introduction
Novel coronavirus infection was first reported in 
December 2019 in China, which led to a global viral 
pandemic. Some of the patients with COVID-19 develop 
ARDS characterized by ground glass changes on imaging 
and pro-inflammatory cytokine storm.1-3 

Epidemiological findings demonstrate several risk 

factors related to poor prognoses in patients with 
COVID-19. Known risk factors are obesity, hypertension, 
diabetes mellitus (DM), chronic kidney disease (CKD), 
and cardiovascular disease.4

Besides lowering blood glucose, metformin has recently 
been shown to have a wide range of therapeutic effects.5 
For instance, metformin has a therapeutic impact on viral 
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Short Communication

Abstract
Purpose: The aim of the study is to evaluate the effect of metformin in complication improvement 
of hospitalized patients with COVID-19.
Methods: This was a randomized clinical trial that involved 189 patients with confirmed 
COVID-19 infection. Patients in the intervention group received metformin-500 mg twice daily. 
Patients who received metformin before admission were excluded from the control group. 
Patients who were discharged before taking at least 2000 mg of metformin were excluded from 
the study. Primary outcomes were vital signs, need for ICU admission, need for intubation, and 
mortality.
Results: Data showed that patients with diabetes with previous metformin in their regimen had 
lower percentages of ICU admission and death in comparison with patients without diabetes 
(11.3% vs. 26.1% (P = 0.014) and 4.9% vs. 23.9% (P ≤ 0.001), respectively). Admission time 
characteristics were the same for both groups except for diabetes and hyperlipidemia, which 
were significantly different between the two groups. Observations of naproxen consumption 
on endpoints, duration of hospitalization, and the levels of spO2 did not show any significant 
differences between the intervention and the control group. The adjusted OR for intubation in 
the intervention group versus the control group was 0.21 [95% CI, 0.04-0.99 (P = 0.047)].
Conclusion: In this trial, metformin consumption had no effect on mortality and ICU admission 
rates in non-diabetic patients. However, metformin improved COVID-19 complications 
in diabetic patients who had been receiving metformin prior to COVID-19 infection, and it 
significantly lowered the intubation rates.
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and bacterial infections such as M. tuberculosis and L. 
pneumophila.6,7 Moreover, metformin lowers mortality 
rates in patients with sepsis.8 Furthermore, metformin 
can reduce the levels of certain inflammatory cytokines, 
including TNFα, which is related to pathways that are 
potential targets for pharmacotherapy in COVID-19.9

We hypothesized that metformin would improve 
the outcome of hospitalized patients with COVID-19. 
However, Rajeshkumar et al reported fatal toxicity in mice 
after consuming a combination of hydroxychloroquine 
and metformin.10 In this study, we assessed all reported 
side effects of this combination in humans, as well as the 
role of metformin in COVID-19 patients.

Materials and Methods
Study design
In this randomized clinical trial, 189 patients (85 in 
metformin and 104 in control groups) who had laboratory 
or clinically-confirmed SARS-CoV-2 infection were 
included. Patients were recruited from COVID-19 wards 
of Imam Reza hospital in Tabriz, Iran, between March 20 
and April 5, 2020. Patients who were directly admitted to 
the ICU were omitted. Patients who received metformin 
before admission were excluded from the control 
group. Demographic information, laboratory data, and 
inflammatory markers were recorded for all patients. 
Clinical symptoms such as vital signs, O2 saturation, fever, 
cough, and QT intervals were recorded for all patients. 

Computed tomographic (CT scan) images were recorded 
and considered in combination with clinical symptoms 
and PCR tests for COVID-19 diagnosis. Pregnant women, 
patients with type I diabetes, ketoacidosis, severe kidney 
failure (GFR < 30 ml/min), severe respiratory failure, 
retinopathy, G6PD deficiency, and children were excluded 
from the study. Furthermore, patients who were already 
taking metformin were excluded from the control group.

Intervention
patients who were randomly (block randomization) 
selected for the intervention group received metformin, 
500 mg twice daily. To assess the long-term effect of 
metformin, patients who had metformin in their drug 
regimen prior to COVID-19 infection were excluded from 
the control group but not from the intervention group. All 
patients received metformin during hospitalization in the 
intervention group. Patients who were discharged before 
taking at least 2000 mg of metformin were excluded from 
the study. 

All patients in both groups received local practice 
protocol for COVID-19. Patients in the control group did 
not receive any extra medication.

The local practice protocol for COVID-19 between 
March 20 and April 5, 2020, was hydroxychloroquine, 
ribavirin, and a combination of lopinavir-ritonavir. 

Metformin was well tolerated, and no patient reported 
any specific side effects during administration.

Follow up
Vital signs, need for ICU admission, need for intubation, 
and death rates were assessed during the hospitalization 
period as primary outcomes for all patients. In the 
intervention group, QT-interval prolongation was 
measured to monitor the drug interaction between 
hydroxychloroquine and metformin. 

Statistical analysis
Data were described as number (%) for categorical 
variables and mean (SD) or median (interquartile range) 
for continuous variables for each group. Normality 
assumption for continuous variables was checked visually 
and analytically by using a Q-Q plot and Shapiro-Wilk test. 
Two-tailed hypothesis tests were set to test the equality of 
the two groups at a significance level of 5%. 

Chi-square and Fisher’s exact tests were performed for 
the between-group comparisons of categorical variables. 
Furthermore, an independent t-test was used for the 
between-group comparison of continuous variables.

In addition, we used a generalized linear model with 
identity, logit, and log link functions to assess the effect 
of the intervention on the continuous, count, and binary 
outcomes, respectively, adjusted for diabetes, HLP, and 
naproxen as confounders. SPSS version 26 was used for 
data analysis. 

Results and Discussion
Four hundred patients were assessed for eligibility for 
the study, of whom 210 patients were eligible and were 
randomized to the intervention or control group. Twenty-
one out of 210 patients withdrew from the study. Finally, 
104 patients in the control group and 85 patients in the 
intervention group completed the study (Figure 1). 

Baseline characteristics of participants are presented 
in Table 1. Based on the results, coughing was the most 
common symptom among patients in both groups (76.5% 
in the intervention group and 77.9% in the control group).

Comorbidities and medication-related information were 
also assessed. The number of patients with established 
diabetes and hyperlipidemia was not same between two 
groups (P = 0.001 and p = 0.02, respectively). Furthermore, 
the history of administered drugs before and during their 
admission was compared between the two groups. The 
intervention group has a significantly more frequent 
history of glibenclamide and atorvastatin usage in their 
drug history (P < 0.05) and a higher incidence of naproxen 
administration, and a lower incidence of IV antibiotics 
administration during their admission (P < 0.05). No 
significant difference was found in baseline values of 
imaging data (type, location, and percent of involvement) 
between the two groups. Diabetic patients who had 
been receiving metformin prior to COVID-19 infection 
had a lower need for ICU admission and mortality rate 
compared to non-diabetic patients (11.3% vs. 26.1% 
(P = 0.014) and 4.9% vs. 23.9% (P ≤ 0.001), respectively). 
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Table 1. Demographic and clinical characteristics of the patients

Characteristics Intervention (n = 85) Control (n = 104) P value

Demographic

Age (y) 55.75 ± 17.99 59.00 ± 15.98 0.190

Gender-male (%) 42 (49.4%) 61 (58.7%) 0.204

BMI 28.79 ± 5.27 28.25 ± 4.64 0.509

Smoking 2 (3.2%) 4 (4.9%) 0.599

Opioids 1 (1.6%) 1 (1.2%) 0.849

Confirm PCR Positive 54 (63.5%) 62 (60.2%) 0.640

Vital sign

SPO2 89.92 ± 5.24 89.31 ± 4.69 0.401

Respiratory rate 23.46 ± 10.55 23.51 ± 10.01 0.971

Pulse rate 87.34 ± 16.90 88.33 ± 14.91 0.670

SBP 120.46 ± 14.67 122.03 ± 14.11 0.456

DBP 77.15 ± 11.40 77.25 ± 7.72 0.946

Temperature 37.28 ± 0.71 37.29 ± 0.69 0.984

Laboratory findings

WBC 6111.76 ± 252.68 6553.4 ± 369.82 0.350

Neutrophil 75.02 ± 13.62 77.78 ± 9.15 0.122

Lymphocyte 22.75 ± 12.73 20.00 ± 8.73 0.085

Hemoglobin 13.32 ± 1.72 13.20 ± 1.85 0.649

Platelet 354.50 ± 13.01 281.23 ± 104.69 0.674

Creatinine 1.02 ± 0.01 2.42 ± 0.02 0.355

AST 35.38 ± 2.63 56.87 ± 10.32 0.158

ALT 27.46 ± 5.98 135.93 ± 33.65 0.359

LDH 538.70 ± 19.46 596.45 ± 28.55 0.131

CPK 151.44 ± 27.33 195.88 ± 16.18 0.123

Sodium 136.40 ± 3.40 135.57 ± 3.00 0.078

Potassium 4.11 ± 0.47 4.33 ± 3.47 0.564

Magnesium 1.97 ± 0.29 1.94 ± 0.34 0.490

PT 13.58 ± 1.62 14.07 ± 1.64 0.057

PTT 34.87 ± 7.52 34.68 ± 10.12 0.890

INR 1.04 ± 0.11 1.06 ± 0.10 0.293

Inflammatory markers
ESR 39.8 ± 25.49 42.70 ± 25.82 0.341

CRP (Ordinal) 1.83 ± 1.13 2.00 ± 2.09 0.511

Symptoms

Fever 44 (51.8%) 53 (51.0%) 0.912

Cough 65 (76.5%) 81 (77.9%) 0.818

Dyspnea 50 (58.8%) 73 (70.2%) 0.103

Myalgia 51 (60.0%) 49 (47.1%) 0.078

Diarrhea 7 (8.2%) 12 (11.5%) 0.453

Abdominal pain 7 (8.2%) 3 (2.9%) 0.102

Headache 14 (16.5%) 14 (13.5%) 0.562

Nausea 21 (24.7%) 18 (17.3%) 0.235

Loss of appetite 15 (17.6%) 11 (10.6%) 0.160

Weakness 21 (24.7%) 26 (25%) 0.963

Shivering 16 (18.8%) 19 (18.3%) 0.922

Sensory complication

Taste 27 (43.5%) 34 (43.0%) 0.952

Smell 28 (45.2%) 39 (49.4%) 0.620

Hearing 1 (1.7%) 10 (12.8%) 0.016

BMI: Body Mass Index (kg/m2); PCR: polymerase chain reaction; SPO2: oxygen saturation; SBP: systolic blood pressure(mg/dL); DBP: diastolic blood pressure 
(mg/dL); WBC: white blood cell; ALT: alanine aminotransferase (units/L); AST: aspartate aminotransferase (units/L); LDH: lactate dehydrogenase; CPK: creatine 
phosphokinase.

https://www.mountsinai.org/health-library/tests/creatine-phosphokinase-test
https://www.mountsinai.org/health-library/tests/creatine-phosphokinase-test
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Figure 1. Screening, randomization, and follow up of study participants

Besides, the need for intubation was higher in 
diabetic patients compared to non-diabetic patients 
(19.4% vs. 4.2%, P = 0.001). Modified marginal means 
of hospitalization time and spO2 level were recorded to 
reflect the impact of substantial differences in baseline 
values of diabetes, hyperlipidemia, and the amount of 
naproxen as an administered drug during hospitalization 
on the trial’s endpoints (Table 2). 

Accordingly, no significant difference was observed in 
these parameters between the two groups. In the control 
group and the intervention group, the adjusted OR for 
intubation was 0.21 [95% CI, 0.04-0.99 (P = 0.047)]. after 
adjusting for diabetes, hyperlipidemia, and the amount of 
naproxen as an administered drug during hospitalization 
(Table 3). No significant difference was noted in QT-
interval prolongation as a serious Drug-Drug interaction 
between groups at baseline (P = 0.92) and at discharge 
(P = 0.40). 

According to these results, metformin was significantly 
effective in reducing the need for invasive mechanical 
ventilation. However, metformin did not reduce the 
need for ICU admission, mortality rate, or length of 
hospital stay.

Some observational studies have revealed that previous 
metformin use in diabetic patients is associated with a 
significantly reduced COVID-19 mortality. The latest 
meta-analysis of these studies was conducted by Kow and 
Hasan, which reported an overall significantly decreased 
mortality (OR = 0.62, [95% CI: 0.43–0.89]).11

In an analysis by Bramante et al. on electronic health 
records (EHR) of 9,555 obese patients (BMI > 25 kg/m2), 
it was revealed that COVID-19 mortality was significantly 
lower in patients who had a history of previous metformin 
use (OR 0.32 [95% CI: 0.15- 0.66, P = 0.002]).12

Regarding the results of previous observational studies 
with a large sample and our study, it can be concluded 
that the history of prior metformin use with an indication 
(diabetes or obesity) has a more tangible benefit in 
preventing COVID-19 complications.

In the most prominent recent cohort study analyzing 
data from 27,493 patients with diabetes registered in 
the South Korean National Health Insurance Service 
(NHIS) database, as in our study, no significant reduction 

Table 2. Comparison of adjusted marginal means of hospitalization duration 
and the level of spO2

Variable Intervention Control P value

Hospitalization duration 5.70 (0.27) 6.00 (0.25) 0.52

SPO2 at discharge 90.54 (0.77) 91.75 (0.69) 0.13

SPO2: oxygen saturation

Table 3. The Adjusted OR for intubation, fate, and intubation in the control 
group versus the intervention group

Variable OR 95% CI for OR P value

ICU admission 0.37 (.13,1.09) 0.073

Fate 0.26 (.06,1.06) 0.060

Intubation 0.21 (.04, .99) 0.048

ICU: intensive care unit.
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in COVID-19 mortality was observed with metformin 
use. However, previous use of metformin was associated 
with a 12% lower incidence of COVID-19 in patients 
with diabetes, and metformin demonstrated a preventive 
effect.13 The limitation of observational studies is that 
they do not have accurate information about patients’ 
compliance and whether metformin is continued or 
stopped during hospitalization. In line with our study, a 
lower risk of ARDS (adjusted OR = 0.18 [95% CI: 0.05-
0.62; P = 0.0070]) was shown in diabetic patients who 
received metformin during hospitalization.14

In this study, we decided to run a subgroup analysis which 
revealed that previous use of metformin in diabetics was 
associated with a significant reduction in ICU admission 
rate and mortality compared to non-diabetics with no 
previous metformin use. Of course, Diabetes itself is a 
known risk factor for worsening COVID-19.15,16 Therefore, 
this finding is not related to the effects of metabolic 
characteristics related to diabetes and is associated with 
other less prominent effects of metformin; Potentially, the 
immunomodulatory effects may reduce the severity of the 
inflammatory response in infection in diabetic patients. 
It is necessary to take metformin for a long time to see 
its positive impact. This indicates that metformin can be 
used as a prophylaxis against the occurrence of severe 
complications of COVID-19. Further investigations are 
required to evaluate metformin’s role as a prophylactic 
agent for COVID-19 among the non-diabetic population.

In diabetic population, the CORONADO (coronavirus 
SARS-CoV-2 and diabetes outcomes) multicenter study 
in France, which investigated the predictors of hospital 
discharge and 28-day mortality in diabetic patients, 
showed that younger age, routine use of metformin, and 
prolonged pre-hospital symptoms were accompanied with 
decreased mortality rates. Age-adjusted OR (95% CI) for 
metformin use as a favorable prognostic factor of discharge 
within 28 days was 1.46 (1.25, 1.71) (P value < 0.001).17

They also conducted another study as an interim 
analysis on 2449 patients (of whom 1469 were already 
taking metformin, 953 were not), which reported that 
previous metformin use was associated with a significant 
reduction in 7- and 28-day mortality.18

Safety endpoints
In our trial, the claim of fatal toxicity of HCQ in combination 
with metformin was not substantiated. Further studies 
with the approved seven-day hydroxychloroquine dose 
are required to confirm this finding. No cases of QT 
prolongation (more than 60 ms change in QT interval or 
QTc ≥ 500 ms) were encountered in the study. However, 
this might be related to the low accumulation dose of 
hydroxychloroquine (400 mg) in our patients. 

According to our national protocol, one of the conditions 
for referring patients to the hospital is an oxygen 
saturation level of below 90% and the need for respiratory 
support. Therefore, most of the patients’ symptoms were 

respiratory, and the average level of oxygen saturation was 
less than 90%. Admission requirements in the COVID-19 
ward include a definitive diagnosis based on a positive RT-
PCR test or clinical suspicion plus positive findings on a 
CT scan of the lungs. Interestingly, the false-negative rate 
in the initial RT-PCR test in the present study was about 
40%, which in the latest review study averaged 13% and up 
to 54%, false-negative PCR has been reported.19 Another 
study was conducted at the same treatment center – 
Imam Reza hospital – on CT scan findings of COVID-19 
patients. The specificity of this method was reported to 
be higher than in previous studies (OR = 77, [95% CI: 
73–81]). Results, similar to ours, predominantly revealed 
ground-glass opacities or peripheral consolidations.20 

Conclusion
In conclusion, metformin has an effect on the course 
and the prognosis of COVID-19. Therefore, performing 
a well-designed trial to evaluate its clinical effects on 
COVID-19 was valuable. Although our clinical trial failed 
to demonstrate metformin’s benefit on mortality and rate 
of ICU admission, it was effective in reducing the need for 
mechanical ventilation significantly among hospitalized 
COVID-19 patients. However, metformin improves 
related complications in patients with diabetes who had 
been receiving metformin prior to COVID-19 infection.

Limitations 
Because of COVID-19 restrictions in the first few 
months of the pandemic, the randomization had some 
technical problems and was not performed thoroughly. 
Patients receiving metformin prior to the study were not 
matched for metformin dose and duration. Diabetes and 
hyperlipidemia were not distributed the same in both 
groups. Another limitation of our study was the short 
follow-up period.

Acknowledgments
We would like to acknowledge all healthcare professionals of 
Imam Reza hospital for collaborating with this research during the 
COVID-19 outbreak.

Authors’ Contribution
Conceptualization: Alireza Garjani, Nasrin Maleki Dizaji.
Data curation: Elnaz Shaseb, Saba Ghaffary, Mohammad Kazem 
Tarzamni.
Formal analysis: Parvin Sarbakhsh, Rojin Moradi.
Funding acquisition: Mohammad Hossein Somi.
Investigation: Parya Valizadeh, Fateme Javan Ali Azar, Sana 
Hamedani, Shahabeddin Hatefi.
Methodology: Elnaz Shaseb, Saba Ghaffary, Alireza Garjani, Nasrin 
Maleki Dizaji, Somaieh Soltani, Ali Taghizadieh.
Project administration: Elnaz Shaseb, Saba Ghaffary, Alireza 
Garjani, Nasrin Maleki Dizaji, Somaieh Soltani.
Resources: Masood Faghihdinevari, Mojtaba Varshochi, Behrooz 
Naghily, Zhinous Bayatmakoo, Parviz Saleh, Sepehr Taghizadeh, 
Mehdi Haghdoost, Hamid Owaysi, Fatemeh Ravanbakhsh 
Ghavghani, Fateme Javan Ali Azar, Saeid Shabestari khiabani, 
Ardavan Ghazanchaei.
Supervision: Elnaz Shaseb, Saba Ghaffary.



Shaseb et al

Advanced Pharmaceutical Bulletin, 2023, Volume 13, Issue 3626

Validation: Elnaz Shaseb, Saba Ghaffary, Alireza Garjani, Nasrin 
Maleki Dizaji, Somaieh Soltani.
Visualization: Mohammad Kazem Tarzamni, Somaieh Soltani.
Writing–original draft: Elnaz Zoghi, Parya Valizadeh.
Writing–review & editing: Elnaz Shaseb, Saba Ghaffary.

Competing Interests
The authors declare no financial or non-financial conflict 
of interests.

Ethical Approval
Full informed consent was obtained from the participants. The 
study was conducted under the Research Ethics Committee (REC) 
of Tabriz University of Medical sciences guidelines of good clinical 
practice under the authorization of the Ministry of Health and 
Medical Education and the Helsinki Declaration. The presented 
data are part of the preliminary results of a clinical trial that is 
registered with the Iranian Registry of Clinical Trials, number 
IRCT20160310026998N10 and the ethics code of IR.TBZMED.
REC.1398.1309. 

Funding 
We also appreciate the partial financial support of the current 
research by Tabriz University of Medical Sciences under grant 
numbers 65209 and 65208.

References
1. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical 

features of patients infected with 2019 novel coronavirus 
in Wuhan, China. Lancet 2020;395(10223):497-506. doi: 
10.1016/s0140-6736(20)30183-5

2. Li G, Fan Y, Lai Y, Han T, Li Z, Zhou P, et al. Coronavirus 
infections and immune responses. J Med Virol 2020;92(4):424-
32. doi: 10.1002/jmv.25685

3. Channappanavar R, Perlman S. Pathogenic human coronavirus 
infections: causes and consequences of cytokine storm and 
immunopathology. Semin Immunopathol 2017;39(5):529-39. 
doi: 10.1007/s00281-017-0629-x

4. Tian W, Jiang W, Yao J, Nicholson CJ, Li RH, Sigurslid HH, 
et al. Predictors of mortality in hospitalized COVID-19 
patients: a systematic review and meta-analysis. J Med Virol 
2020;92(10):1875-83. doi: 10.1002/jmv.26050

5. El-Arabey AA, Abdalla M, Ali Eltayb W. Metformin: ongoing 
journey with superdrug revolution. Adv Pharm Bull 
2019;9(1):1-4. doi: 10.15171/apb.2019.001

6. Tseng CH. Metformin decreases risk of tuberculosis infection 
in type 2 diabetes patients. J Clin Med 2018;7(9):264. doi: 
10.3390/jcm7090264

7. Kajiwara C, Kusaka Y, Kimura S, Yamaguchi T, Nanjo Y, Ishii 
Y, et al. Metformin mediates protection against Legionella 
pneumonia through activation of AMPK and mitochondrial 
reactive oxygen species. J Immunol 2018;200(2):623-31. doi: 
10.4049/jimmunol.1700474

8. Liang H, Ding X, Li L, Wang T, Kan Q, Wang L, et al. 
Association of preadmission metformin use and mortality in 
patients with sepsis and diabetes mellitus: a systematic review 
and meta-analysis of cohort studies. Crit Care 2019;23(1):50. 

doi: 10.1186/s13054-019-2346-4
9. Ferrara F, Santilli P, D’Aiuto V, Vitiello A. Clinical pharmacology 

aspects in patients treated with TNF inhibitors during SARS-
Cov-2 pandemic. Adv Pharm Bull 2021;11(3):393-4. doi: 
10.34172/apb.2021.045

10. Rajeshkumar NV, Yabuuchi S, Pai SG, Maitra A, Hidalgo M, 
Dang CV. Fatal toxicity of chloroquine or hydroxychloroquine 
with metformin in mice. bioRxiv [Preprint]. April 
4, 2020. Available from: https://www.biorxiv.org/
content/10.1101/2020.03.31.018556v1.

11. Kow CS, Hasan SS. Mortality risk with preadmission metformin 
use in patients with COVID-19 and diabetes: a meta-analysis. 
J Med Virol 2021;93(2):695-7. doi: 10.1002/jmv.26498

12. Bramante CT, Buse J, Tamaritz L, Palacio A, Cohen K, Vojta 
D, et al. Outpatient metformin use is associated with reduced 
severity of COVID-19 disease in adults with overweight 
or obesity. J Med Virol 2021;93(7):4273-9. doi: 10.1002/
jmv.26873

13. Oh TK, Song IA. Metformin use and risk of COVID-19 among 
patients with type II diabetes mellitus: an NHIS-COVID-19 
database cohort study. Acta Diabetol 2021;58(6):771-8. doi: 
10.1007/s00592-020-01666-7

14. Jiang N, Chen Z, Liu L, Yin X, Yang H, Tan X, et al. Association 
of metformin with mortality or ARDS in patients with 
COVID-19 and type 2 diabetes: a retrospective cohort study. 
Diabetes Res Clin Pract 2021;173:108619. doi: 10.1016/j.
diabres.2020.108619

15. Barron E, Bakhai C, Kar P, Weaver A, Bradley D, Ismail H, et 
al. Associations of type 1 and type 2 diabetes with COVID-19-
related mortality in England: a whole-population study. Lancet 
Diabetes Endocrinol 2020;8(10):813-22. doi: 10.1016/s2213-
8587(20)30272-2

16. Fadini GP, Morieri ML, Longato E, Avogaro A. Prevalence and 
impact of diabetes among people infected with SARS-CoV-2. 
J Endocrinol Invest 2020;43(6):867-9. doi: 10.1007/s40618-
020-01236-2

17. Wargny M, Potier L, Gourdy P, Pichelin M, Amadou C, 
Benhamou PY, et al. Predictors of hospital discharge and 
mortality in patients with diabetes and COVID-19: updated 
results from the nationwide CORONADO study. Diabetologia 
2021;64(4):778-94. doi: 10.1007/s00125-020-05351-w

18. Lalau JD, Al-Salameh A, Hadjadj S, Goronflot T, Wiernsperger 
N, Pichelin M, et al. Metformin use is associated with a 
reduced risk of mortality in patients with diabetes hospitalised 
for COVID-19. Diabetes Metab 2021;47(5):101216. doi: 
10.1016/j.diabet.2020.101216

19. Gupta-Wright A, Macleod CK, Barrett J, Filson SA, Corrah 
T, Parris V, et al. False-negative RT-PCR for COVID-19 and 
a diagnostic risk score: a retrospective cohort study among 
patients admitted to hospital. BMJ Open 2021;11(2):e047110. 
doi: 10.1136/bmjopen-2020-047110

20. Salehi-Pourmehr H, Pourfathi H, Tarzamni MK, Ghojazadeh 
M, Naghili B, Zarrintan A, et al. Diagnostic value of chest CT 
in Iranian patients with suspected COVID-19. Caspian J Intern 
Med 2020;11(Suppl 1):527-30. doi: 10.22088/cjim.11.0.527

https://doi.org/10.1016/s0140-6736(20)30183-5
https://doi.org/10.1002/jmv.25685
https://doi.org/10.1007/s00281-017-0629-x
https://doi.org/10.1002/jmv.26050
https://doi.org/10.15171/apb.2019.001
https://doi.org/10.3390/jcm7090264
https://doi.org/10.4049/jimmunol.1700474
https://doi.org/10.1186/s13054-019-2346-4
https://doi.org/10.34172/apb.2021.045
https://www.biorxiv.org/content/10.1101/2020.03.31.018556v1
https://www.biorxiv.org/content/10.1101/2020.03.31.018556v1
https://doi.org/10.1002/jmv.26498
https://doi.org/10.1002/jmv.26873
https://doi.org/10.1002/jmv.26873
https://doi.org/10.1007/s00592-020-01666-7
https://doi.org/10.1016/j.diabres.2020.108619
https://doi.org/10.1016/j.diabres.2020.108619
https://doi.org/10.1016/s2213-8587(20)30272-2
https://doi.org/10.1016/s2213-8587(20)30272-2
https://doi.org/10.1007/s40618-020-01236-2
https://doi.org/10.1007/s40618-020-01236-2
https://doi.org/10.1007/s00125-020-05351-w
https://doi.org/10.1016/j.diabet.2020.101216
https://doi.org/10.1136/bmjopen-2020-047110
https://doi.org/10.22088/cjim.11.0.527

