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Abstract

Background: The relationship between various blood glucose-lowering treatments for type 2 diabetes mellitus (T2DM) and the

mortality and complication rates of COVID-19 infection holds significant relevance.

Objectives: This retrospective study aimed to investigate the clinical progression of COVID-19 in T2DM patients previously

treated with sitagliptin, metformin, or a combination of both.

Methods: The study reviewed the medical records of T2DM patients with COVID-19 who had received treatment with sitagliptin,

metformin, or both. Participants were selected from those admitted to Naft Hospital in Ahvaz, Iran, from March 2020 to March

2022. Data on mortality and adverse outcomes related to COVID-19 were gathered from the medical records.

Results: The study included 529 diabetic patients treated with metformin (n = 197), sitagliptin (n = 231), or both (n = 101) for a

minimum of three months. The overall mortality rate among diabetic patients was 15.1%, with the metformin group showing the

highest mortality rate at 28.9% (P < 0.0001). Significant differences were observed among the three treatment groups in terms of

the frequency of acute respiratory failure (P < 0.0001), stroke (P = 0.002), pulmonary embolism (P < 0.0001), and the necessity

for ICU admission (P < 0.0001). Nonetheless, the incidence of myocardial infarction did not significantly differ between the

groups.

Conclusions: The findings suggest that sitagliptin use for blood sugar control in T2DM patients may help reduce adverse

outcomes and the risk of death due to COVID-19. Mortality and morbidity rates were found to be higher in patients treated with

metformin compared to those in the other groups.
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1. Background

COVID-19, a respiratory tract infection caused by the

severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2), has become a global pandemic (1). This infection
has led to high rates of adverse outcomes and mortality,

with severe and critical disease occurring in 14% and 5%

of cases, respectively (2). Individuals with chronic

conditions, such as type 2 diabetes mellitus (T2DM), face

a higher risk of mortality from COVID-19 (3, 4), with
studies indicating a mortality rate of 20 - 30% among

those with diabetes who contract the virus (5-7).

Furthermore, hyperglycemia has been identified as a

strong predictor of a poor prognosis in patients with

COVID-19 (8).

Severe complications of COVID-19 commonly include

acute respiratory distress syndrome (ARDS), heart
failure, respiratory failure, acute cardiac injury, and

sepsis (9). Diabetic patients are more likely to

experience severe symptoms and complications from

COVID-19; however, with well-controlled diabetes, the
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risk of acute symptoms is comparable to that of

individuals without diabetes (10).

The primary treatment for T2DM involves

antidiabetic medications such as metformin and

gliclazide, which improve insulin sensitivity, suppress

gluconeogenesis, and enhance glucose absorption in

tissues (11).

Dipeptidyl peptidase-4 (DPP-4) inhibitors,
representing a newer class of antihyperglycemic drugs,

have been recognized for their efficacy and safety.

Sitagliptin, a key DPP-4 inhibitor, has been shown to

inhibit the inflammatory response of the immune

system and decrease serum levels of inflammatory

factors in diabetics (12-15).

The angiotensin-converting enzyme-2 (ACE2) is

utilized by SARS-CoV-2 as a receptor to enter host cells.

Sitagliptin has been observed to block the virus's entry
by activating ACE2 through AMPK signaling, thereby

reducing adverse outcomes (16-18). Additionally,

previous studies have highlighted the role of metformin

in decreasing COVID-19-related mortality (19, 20).

In Iran, where diabetes prevalence is relatively high,

there is an increased rate of mortality and adverse

outcomes from COVID-19 among diabetic individuals (21,

22). Sitagliptin and metformin are widely used

medications for managing T2DM, yet their specific

effects on COVID-19 outcomes in the Iranian population

have not been extensively studied.

2. Objectives

Thus, this research was undertaken to assess the
frequency of mortality and adverse outcomes in T2DM

patients previously treated with sitagliptin, metformin,
or both.

3. Methods

This retrospective study reviewed the medical

records of T2DM patients diagnosed with COVID-19 who

had previously received treatment with sitagliptin,

metformin, or both and were admitted to Naft Hospital

in Ahvaz, Iran, from March 2020 to March 2022. We

included all medical records of diabetic patients

diagnosed with COVID-19 who had a history of using

sitagliptin, metformin, or both for at least three months

(N = 549). Medical records lacking complete

information were excluded (n = 20). Informed consent

was obtained from all patients at the beginning of

hospitalization. The Ethics Committee of Ahvaz

Jundishapur University of Medical Sciences in Ahvaz,

Iran, approved this study (Ref. ID:

IR.AJUMS.REC.1400.534). The flowchart of the study I

displayed in Figure 1.

Figure 1. Flowchart of the study design

Confirmation of COVID-19 infection was based on the

reverse transcription-polymerase chain reaction (RT-

PCR) tests of throat and nasal swab specimens and/or

characteristic chest computed tomography (CT) scan

findings, such as distributed multifocal ground-glass

opacities (GGO) and patchy consolidation in suspected

patients. Data extracted from the medical records

included demographic and primary data (age, sex,

duration of diabetes, underlying diseases), length of

hospital stay, mortality, and adverse outcomes during

hospitalization, including acute respiratory failure,

myocardial infarction, hemorrhagic stroke, pulmonary

embolism, and the need for ICU admission.

Acute respiratory failure was confirmed through

venous blood gas (VBG) tests, arterial blood oxygen

saturation levels, the necessity for intubation, and

myocardial infarction, determined by

electrocardiogram (ECG) results, positive troponin

levels, and cardiac consultations. Pulmonary embolism

diagnoses were confirmed by CT lung angiography and

lung consultations, while hemorrhagic stroke diagnoses

were based on imaging evidence and neurology

consultations. Additionally, hypertension was identified

in patients with blood pressure equal to or exceeding

130/80 mmHg or those on antihypertensive medication.

Dyslipidemia was determined based on serum

triglyceride levels > 200 mg/dL, total cholesterol > 200

mg/dL, low-density lipoprotein (LDL)-cholesterol > 100
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mg/dL, high-density lipoprotein (HDL)-cholesterol < 45

mg/dL in men and < 54 mg/dL in women, or the use of

lipid-lowering drugs.

Quantitative variables were summarized using mean

and standard deviation (SD). The Kolmogorov-Smirnov

test assessed the normal distribution of quantitative

variables. ANOVA was utilized to compare mean

variables, while logistic regression models identified

risk factors associated with mortality and ICU

admission. Qualitative variables were described using

frequency and percentage. The chi-square test was

applied to compare qualitative variables. P-values less

than 0.05 were deemed statistically significant.

Statistical analyses were conducted using SPSS (SPSS Inc.,

Chicago, IL, USA) version 22.

4. Results

In this study, we analyzed 529 medical records of

hospitalized patients. The age range of the patients was
from 24 to 95 years, with a mean and standard deviation

of their age being 64.06 ± 9.4. The cohort comprised 284
men (53.7%) and 245 women (46.3%). The average

duration of type 2 diabetes among the patients was 11.85

± 5.39 years, with a median of 10 years (range 1 - 38 years).

The average length of hospital stay was 5.88 ± 4.27 days,

with a median of 5 days (range 1 - 30 days). Data
extracted from the medical records revealed that the

median glycated hemoglobin (HbA1C) level was 9.2%

(mean ± SD: 8.9 ± 0.6%).

A total of 195 (36.87%) patients were on metformin,

233 (44.04%) on sitagliptin, and 101 (19.09%) were taking

both metformin and sitagliptin. Table 1 shows the basic

characteristics of patients across the three treatment

groups. Compared to the other two groups, patients

only on Metformin had a significantly higher frequency

of underlying diseases such as hypertension and

dyslipidemia, and a longer history of taking other oral

antidiabetic drugs (e.g., gliclazide, repaglinide, and

pioglitazone) (P < 0.0001).

The overall mortality rate among diabetic patients

was 15.1% (80 patients). Additionally, respiratory failure
was observed in 152 (28.8%) patients, myocardial

infarction in 31 (5.9%), pulmonary embolism in 141

(26.7%), the need for ICU admission in 136 (25.7%), and
stroke in 29 patients (5.5%). The frequency of COVID-19-

induced mortality and adverse outcomes among
diabetics in the three treatment groups is presented in

Table 2.

Logistic regression models were utilized to

determine risk factors affecting mortality, the need for

ICU admission, acute respiratory failure, and pulmonary

embolism among the studied patients.

The use of Sitagliptin, alone or in combination with

Metformin, significantly reduced the mortality rate in

diabetic individuals with COVID-19 (P < 0.001), with

Sitagliptin alone showing a more significant reduction

in death rate (P < 0.0001). Additionally, the duration of

diabetes significantly increased the mortality rate.

A history of hypertension (OR = 3.14, 95% CI: 1.48 - 6.66,

P = 0.003) and previous Metformin use (OR = 3.57, 95% CI:

2.02 - 7.57, P < 0.0001) were identified as significant risk
factors for mortality. A history of hypertension was also

a significant risk factor for ICU admission (OR = 3.183,

95% CI: 1.608 - 6.300, P = 0.001) as shown in Table 3.

Sitagliptin was found to reduce the risk of

respiratory failure and pulmonary embolism compared

to Metformin. The combination of metformin and
sitagliptin also effectively reduced side effects compared

to metformin alone, although its effectiveness was less

compared to sitagliptin alone, as detailed in Table 4.

5. Discussion

Based on the findings of this study, the mortality rate

among hospitalized T2DM patients with COVID-19

infection stands at 15.1%. Smati et al. reported a COVID-19-

induced mortality rate of 20.6% in diabetic patients (5).

Bhinder et al. documented a mortality rate of 47%,

possibly due to a smaller sample size (23). De-la-Rosa-

Martinez et al. noted a 34% mortality rate among

diabetic patients infected with COVID-19 (6), while

Gajecki et al. observed a COVID-19-induced mortality rate

of 25% among diabetic patients (7). The discrepancy in

mortality rates across these studies could stem from

differences in sample selection and the period of the
study.

In this study, the mortality and adverse outcomes

were found to be lower among those who had

previously used sitagliptin compared to those who had

taken metformin. Specifically, the mortality rates were

lower in the sitagliptin (6%) and the sitagliptin plus

metformin (10%) groups than in the metformin alone

group (28.8%). Gao et al. determined that life-

threatening complications in hospitalized T2DM

patients with COVID-19 were more common among

metformin users than non-users (7.4% vs. 28.6%, P =

0.004) (24).

A 2021 meta-analysis by Li et al., which reviewed 19

studies, indicated a 34% reduction in mortality and a 27%

decrease in hospitalization rates for COVID-19 patients

who took metformin (25). Kan et al. found that the use

of metformin and sulfonylurea was linked to a lower
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Table 1. Basic Characteristics of Diabetic Patients in Three Groups a

Variables Metformin (n = 195) Sitagliptin (n = 233) Sitagliptin + Metformin (n = 101) P-Value

Age ≥ 65 years 109 (55.9) 121 (51.9) 47 (46.5) 0.306

Gender, male 103 (52.8) 129 (55.4) 52 (51.5) 0.771

Duration of diabetes ≥ 10 years 132 (67.7) 154 (66.1) 64 (63.4) 0.757

History of hypertension 172 (88.2) 111 (47.8) 70 (69.3) < 0.0001

History of dyslipidemia 124 (63.9) 70 (30.2) 58 (58) < 0.0001

Other oral antidiabetic drugs 80 (41) 63 (27) 65 (64.4) < 0.0001

Insulin 16 (8.2) 27 (11.6) 5 (5) 0.132

Length of hospital stay, day 6.59 ± 5.17 5.47 ± 3.39 5.44 ± 4.01 0.014

a Values are expressed as No. (%) or mean ± SD.

Table 2. Comparing Percentage of Mortality and Adverse Outcomes of COVID-19 in the Three Treatment Groups a

Variables Metformin (n = 195) Sitagliptin (n = 233) Sitagliptin + Metformin (n = 101) P-Value

Death 56 (28.8) 14 (6) 10 (10) < 0.0001

Acute respiratory failure 89 (45.6) 35 (15) 28 (28) < 0.0001

Myocardial infarction 15 (7.7) 11 (4.7) 5 (5) 0.390

Stroke 19 (9.7) 4 (1.7) 6 (6) 0.01

Pulmonary embolism 76 (39) 34 (14.6) 31 (30.7) < 0.0001

Need for ICU admission 82 (42.1) 35 (15) 22 (21.8) < 0.0001

a Values are expressed as No. (%).

Table 3. Risk Factors Affecting Mortality and Need for ICU Admission Using Logistic Regression Model

Variables
ICU Admission Mortality

OR 95% CI for OR P-Value OR 95% CI for OR P-Value

Gender (male/female) 0.94 0.62 - 1.43 0.79 0.848 0.50 - 1.41 0.52

Age > 65 years 1.35 0.86 - 2.10 0.18 1.692 0.972 - 2.94 0.063

Duration of diabetes 1.97 1.2 - 3.24 0.007 2.194 1.15 - 4.18 0.017

Hypertension 3.183 1.608 - 6.300 0.001 3.14 1.48 - 6.66 0.003

Dyslipidemia 1.321 0.777 - 2.246 0.303 1.084 0.493 - 2.385 0.840

Drug (sitagliptin/metformin) 0.239 0.15 - 0.38 < 0.0001 0.155 0.083 - 0.291 < 0.0001

Drug (sitagliptin + metformin) 0.393 0.22 - 0.68 0.001 0.280 0.13 - 0.58 0.001

risk of mortality in T2DM patients with COVID-19 (26).

Treatment with metformin in diabetic patients with

COVID-19 was associated with fewer complications, such

as inflammation, renal ischemia, thrombosis, and

shorter hospital stays (20, 25). Samuel et al. highlighted

the specific role of metformin in lowering COVID-19-

associated mortality (19).

Nevertheless, this study's results indicate significant

differences in COVID-19 complications—including acute

respiratory failure, hemorrhagic stroke, pulmonary

embolism, ICU admission, and intubation—across the

three treatment groups. Patients on metformin

experienced the highest frequency of complications and

COVID-19-induced adverse outcomes, while those in the

sitagliptin group had fewer complications. These

outcomes suggest that sitagliptin, associated with lower

mortality, might be effective in managing COVID-19 in

diabetic patients.

Sitagliptin not only lowers blood glucose levels but

also exhibits anti-inflammatory (14, 15) and

immunomodulatory effects (26). Considering the

elevated levels of inflammatory factors in COVID-19 (27,

28), sitagliptin could help mitigate complications and

the disease's severity. It activates AMPK through liver
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Table 4. Risk Factors Affecting Respiratory Failure and Pulmonary Emboli Using Logistic Regression

Variables
Respiratory Failure Pulmonary Emboli

OR 95% CI for OR P-Value OR 95% CI for OR P-Value

Gender (male/female) 1.04 0.69 - 1.56 0.83 0.83 0.56 - 1.25 0.393

Age > 65 years 1.318 0.856 - 2.03 0.210 0.978 0.635 - 1.50 0.920

Duration of diabetes 1.758 1.09 - 2.82 0.019 1.204 0.76 - 1.90 0.426

Drug (sitagliptin/metformin) 0.207 0.130 - 0.329 < 0.0001 0.268 0.169 - 0.427 < 0.0001

Drug (sitagliptin+ metformin) 0.478 0.283 - 0.810 0.006 0.695 0.416 - 1.16 0.165

kinase B1 (LKB1) and inhibits the mammalian target of

rapamycin (mTOR) pathway (29), indirectly reducing

AKT activation and the mTOR signaling cascade. Given

the significant role of the AKT-mTOR phosphoinositide

3-kinase (PI3K) pathway in MERS-CoV infection, the

potential of sitagliptin against SARS-CoV-2 has attracted

scholarly interest (18, 30).

Bardaweel et al. proposed that sitagliptin, whether

used alone or in combination with other medications,

might aid in treating COVID-19 in diabetic patients with

heart disease (18). However, this study did not focus

specifically on diabetics with heart disease. Solerte et

al.'s retrospective study demonstrated that T2DM

patients with COVID-19 treated with sitagliptin had

superior outcomes compared to those on standard

therapy. The sitagliptin group experienced a lower

mortality rate (18%) and a higher rate of clinical

improvement (60%) than the standard treatment group

(37% mortality rate; 38% clinical improvement) (31).

Abbasi et al. highlighted the potential benefits of

sitagliptin in enhancing clinical outcomes in

hospitalized COVID-19 patients (32). Mirani et al.

identified a significant and independent link between

the use of DPP-4 inhibitors and a reduced mortality risk

(33). These studies support the findings of the current

study, suggesting that sitagliptin may yield better

outcomes than standard treatments.

However, Fadini et al. found no evidence to suggest

that DPP-4 inhibitors are linked to hospitalization due

to COVID-19 (34). Nonetheless, the present study

discovered that sitagliptin effectively shortened

hospital stays. Variations among studies might be

attributed to differences in study populations, the

characteristics of the participants, the presence of

underlying diseases, and sample sizes.

While prior research has established the link

between diabetes and an increased incidence and

severity of COVID-19, managing glucose and treating

diabetes have been shown to decrease COVID-19-induced

mortality in diabetics (35). This study indicates that

sitagliptin, as opposed to metformin, is associated with

a reduced frequency of death and COVID-19

complications. Sitagliptin's complex mechanism of

action, including its anti-inflammatory properties, may

contribute to this reduced risk of severe COVID-19.

This study faces several limitations, including

reliance on a retrospective analysis of medical records,

which could introduce biases and data collection

limitations. It also lacked a control group of diabetic

patients not using sitagliptin or metformin,

complicating direct outcome comparisons. Additionally,

the absence of follow-up for survivors might have

offered more insight into long-term effects and

outcomes. To address these limitations and obtain more

precise results, future prospective studies with a control

group and sufficient follow-up are recommended. This

approach will provide more reliable and comprehensive

insights into the benefits of sitagliptin for T2DM

patients with COVID-19.

5.1. Conclusions

Our study concludes that hospitalized T2DM patients

with COVID-19 infection who were using sitagliptin had

a lower mortality rate compared to those using

metformin alone. Furthermore, a higher rate of adverse

outcomes, including acute respiratory failure, stroke,

pulmonary embolism, ICU admission, and intubation,

was observed in the metformin alone group compared

to the other two groups. These findings imply that

sitagliptin usage in patients with type 2 diabetes and

COVID-19 may help mitigate the risk of death and

adverse outcomes.

Acknowledgements

The present manuscript was extracted from a

doctoral dissertation in internal medicine (D-0012) at

the School of Medicine of Ahvaz Jundishapur University

of Medical Sciences, Ahvaz, Iran. We would like to thank

and appreciate the financial support of this university

for doing this research.



Raji H et al.

6 Jundishapur J Chronic Dis Care. 2024; 13(3): e140475.

Footnotes

Authors' Contribution: Conceptualization and design

of the study: HoR, HR, and AM; data collection, analysis

and interpretation: AM and SS; manuscript preparation:

HoR and AM; critical revision of the manuscript for

important intellectual content: HoR, HR, LM, FK, and SS;
statistical analysis: HoR and AM; study supervision: HoR,

HR, and LM.

Conflict of Interests Statement: The authors declare

that there are no conflicts of interest in the present

study.

Data Availability: The dataset presented in the study is

available on request from the corresponding author
during submission or after publication. The data is not

publicly available due to confidentiality.

Ethical Approval: This study was extracted from a

doctoral dissertation reviewed and approved by the

Ethics Committee of the Jundishapur University of

Medical Sciences, Ahvaz, Iran (Ref. ID:

IR.AJUMS.REC.1400.534 ).

Funding/Support: This study was extracted from a

doctoral dissertation in internal medicine (Research

Project Number: D-0012) sponsored by Ahvaz

Jundishapur University of Medical Sciences, Ahvaz, Iran.

Informed Consent: Informed consent was obtained

from all patients at the beginning of hospitalization.

References

1. Wu Z, McGoogan JM. Characteristics of and Important Lessons From

the Coronavirus Disease 2019 (COVID-19) Outbreak in China:

Summary of a Report of 72 314 Cases From the Chinese Center for

Disease Control and Prevention. JAMA. 2020;323(13):1239-42. [PubMed

ID: 32091533]. https://doi.org/10.1001/jama.2020.2648.

2. World Health Organization. Report of the WHO-China joint mission
on coronavirus disease 2019 (COVID-19). 2020. Available from:

https://www.who.int/publications/i/item/report-of-the-who-china-

joint-mission-on-coronavirus-disease-2019-(covid-19).

3. 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. [PubMed ID: 32798472]. [PubMed

Central ID: PMC7426088]. https://doi.org/10.1016/S2213-8587(20)30272-

2.

4. Aggarwal G, Lippi G, Lavie CJ, Henry BM, Sanchis-Gomar F. Diabetes

mellitus association with coronavirus disease 2019 (COVID-19)

severity and mortality: A pooled analysis. J Diabetes. 2020;12(11):851-5.

[PubMed ID: 32677321]. [PubMed Central ID: PMC7404893].

https://doi.org/10.1111/1753-0407.13091.

5. Smati S, Tramunt B, Wargny M, Gourdy P, Hadjadj S, Cariou B. COVID-

19 and Diabetes Outcomes: Rationale for and Updates from the

CORONADO Study. Curr Diab Rep. 2022;22(2):53-63. [PubMed ID:

35171448]. [PubMed Central ID: PMC8853410].

https://doi.org/10.1007/s11892-022-01452-5.

6. De-la-Rosa-Martinez D, Aranda-Audelo M, Martin-Onraet A, Islas-

Munoz B, Perez-Jimenez C, Alatorre-Fernandez P, et al. Clinical

characteristics and outcomes in a cohort of oncologic patients with

COVID-19 during the first year of the pandemic in Mexico. Cancer
Med. 2022;11(8):1827-36. [PubMed ID: 35166033]. [PubMed Central ID:

PMC9041085]. https://doi.org/10.1002/cam4.4582.

7. Gajecki D, Doroszko A, Trocha M, Giniewicz K, Kujawa K, Skarupski M,

et al. Usefulness of the C(2)HEST Score in Predicting the Clinical

Outcomes of COVID-19 in Diabetic and Non-Diabetic Cohorts. J Clin
Med. 2022;11(3). [PubMed ID: 35160324]. [PubMed Central ID:

PMC8836928]. https://doi.org/10.3390/jcm11030873.

8. Liu SP, Zhang Q, Wang W, Zhang M, Liu C, Xiao X, et al. Hyperglycemia

is a strong predictor of poor prognosis in COVID-19. Diabetes Res Clin
Pract. 2020;167:108338. [PubMed ID: 32712122]. [PubMed Central ID:

PMC7377976]. https://doi.org/10.1016/j.diabres.2020.108338.

9. Chen T, Wu D, Chen H, Yan W, Yang D, Chen G, et al. Clinical

characteristics of 113 deceased patients with coronavirus disease

2019: retrospective study. BMJ. 2020;368:m1091. [PubMed ID:

32217556]. [PubMed Central ID: PMC7190011].

https://doi.org/10.1136/bmj.m1091.

10. Del Sole F, Farcomeni A, Loffredo L, Carnevale R, Menichelli D, Vicario

T, et al. Features of severe COVID-19: A systematic review and meta-

analysis. Eur J Clin Invest. 2020;50(10). e13378. [PubMed ID:

32860457]. [PubMed Central ID: PMC7435565].

https://doi.org/10.1111/eci.13378.

11. Memis H, Cakir A, Durmus M, Gok S, Bahcecioglu OF. Is sitagliptin

effective for the treatment of COVID-19? Eur J Hosp Pharm.

2022;29(6). e6. [PubMed ID: 33504509]. [PubMed Central ID:

PMC9614154]. https://doi.org/10.1136/ejhpharm-2021-002702.

12. Hattori S. Ten-year follow-up of sitagliptin treatment in patients with

type 2 diabetes mellitus. Diabetol Metab Syndr. 2021;13(1):117.

[PubMed ID: 34689790]. [PubMed Central ID: PMC8542356].

https://doi.org/10.1186/s13098-021-00735-3.

13. Cornel JH, Bakris GL, Stevens SR, Alvarsson M, Bax WA, Chuang LM, et

al. Effect of Sitagliptin on Kidney Function and Respective

Cardiovascular Outcomes in Type 2 Diabetes: Outcomes From TECOS.

Diabetes Care. 2016;39(12):2304-10. [PubMed ID: 27742728].

https://doi.org/10.2337/dc16-1415.

14. Al-Kuraishy HM, Al-Gareeb AI, Qusty N, Alexiou A, Batiha GE. Impact of

Sitagliptin on Non-diabetic Covid-19 Patients. Curr Mol Pharmacol.

2022;15(4):683-92. [PubMed ID: 34477540].

https://doi.org/10.2174/1874467214666210902115650.

15. Nar H, Schnapp G, Hucke O, Hardman TC, Klein T. Action of

Dipeptidyl Peptidase-4 Inhibitors on SARS-CoV-2 Main Protease.

ChemMedChem. 2021;16(9):1425-6. [PubMed ID: 33348462]. [PubMed

Central ID: PMC8248156]. https://doi.org/10.1002/cmdc.202000921.

16. Beyerstedt S, Casaro EB, Rangel EB. COVID-19: angiotensin-converting

enzyme 2 (ACE2) expression and tissue susceptibility to SARS-CoV-2

infection. Eur J Clin Microbiol Infect Dis. 2021;40(5):905-19. [PubMed

ID: 33389262]. [PubMed Central ID: PMC7778857].

https://doi.org/10.1007/s10096-020-04138-6.

17. Abouelkheir M. Evaluation of Dual Inhibitory Effect of Anagliptin,

Ramipril and Lisinopril on Angiotensin-Converting Enzyme and DPP-

4 Activities. Curr Mol Pharmacol. 2022;15(3):582-8. [PubMed ID:

34077352]. https://doi.org/10.2174/1874467214666210601104117.

18. Bardaweel SK, Hajjo R, Sabbah DA. Sitagliptin: a potential drug for

the treatment of COVID-19? Acta Pharm. 2021;71(2):175-84. [PubMed

ID: 33151168]. https://doi.org/10.2478/acph-2021-0013.

19. Samuel SM, Varghese E, Busselberg D. Therapeutic Potential of

Metformin in COVID-19: Reasoning for Its Protective Role. Trends

https://ethics.research.ac.ir/EthicsProposalViewEn.php?id=235957
http://www.ncbi.nlm.nih.gov/pubmed/32091533
https://doi.org/10.1001/jama.2020.2648
https://www.who.int/publications/i/item/report-of-the-who-china-joint-mission-on-coronavirus-disease-2019-(covid-19)
https://www.who.int/publications/i/item/report-of-the-who-china-joint-mission-on-coronavirus-disease-2019-(covid-19)
http://www.ncbi.nlm.nih.gov/pubmed/32798472
https://www.ncbi.nlm.nih.gov/pmc/PMC7426088
https://doi.org/10.1016/S2213-8587(20)30272-2
https://doi.org/10.1016/S2213-8587(20)30272-2
http://www.ncbi.nlm.nih.gov/pubmed/32677321
https://www.ncbi.nlm.nih.gov/pmc/PMC7404893
https://doi.org/10.1111/1753-0407.13091
http://www.ncbi.nlm.nih.gov/pubmed/35171448
https://www.ncbi.nlm.nih.gov/pmc/PMC8853410
https://doi.org/10.1007/s11892-022-01452-5
http://www.ncbi.nlm.nih.gov/pubmed/35171448
https://www.ncbi.nlm.nih.gov/pmc/PMC8853410
https://doi.org/10.1007/s11892-022-01452-5
http://www.ncbi.nlm.nih.gov/pubmed/35166033
https://www.ncbi.nlm.nih.gov/pmc/PMC9041085
https://doi.org/10.1002/cam4.4582
http://www.ncbi.nlm.nih.gov/pubmed/35160324
https://www.ncbi.nlm.nih.gov/pmc/PMC8836928
https://doi.org/10.3390/jcm11030873
http://www.ncbi.nlm.nih.gov/pubmed/32712122
https://www.ncbi.nlm.nih.gov/pmc/PMC7377976
https://doi.org/10.1016/j.diabres.2020.108338
http://www.ncbi.nlm.nih.gov/pubmed/32217556
https://www.ncbi.nlm.nih.gov/pmc/PMC7190011
https://doi.org/10.1136/bmj.m1091
http://www.ncbi.nlm.nih.gov/pubmed/32860457
https://www.ncbi.nlm.nih.gov/pmc/PMC7435565
https://doi.org/10.1111/eci.13378
http://www.ncbi.nlm.nih.gov/pubmed/33504509
https://www.ncbi.nlm.nih.gov/pmc/PMC9614154
https://doi.org/10.1136/ejhpharm-2021-002702
http://www.ncbi.nlm.nih.gov/pubmed/34689790
https://www.ncbi.nlm.nih.gov/pmc/PMC8542356
https://doi.org/10.1186/s13098-021-00735-3
http://www.ncbi.nlm.nih.gov/pubmed/27742728
https://doi.org/10.2337/dc16-1415
http://www.ncbi.nlm.nih.gov/pubmed/34477540
https://doi.org/10.2174/1874467214666210902115650
http://www.ncbi.nlm.nih.gov/pubmed/33348462
https://www.ncbi.nlm.nih.gov/pmc/PMC8248156
https://doi.org/10.1002/cmdc.202000921
http://www.ncbi.nlm.nih.gov/pubmed/33389262
https://www.ncbi.nlm.nih.gov/pmc/PMC7778857
https://doi.org/10.1007/s10096-020-04138-6
http://www.ncbi.nlm.nih.gov/pubmed/34077352
https://doi.org/10.2174/1874467214666210601104117
http://www.ncbi.nlm.nih.gov/pubmed/33151168
https://doi.org/10.2478/acph-2021-0013


Raji H et al.

Jundishapur J Chronic Dis Care. 2024; 13(3): e140475. 7

Microbiol. 2021;29(10):894-907. [PubMed ID: 33785249]. [PubMed

Central ID: PMC7955932]. https://doi.org/10.1016/j.tim.2021.03.004.

20. Kamyshnyi O, Matskevych V, Lenchuk T, Strilbytska O, Storey K,

Lushchak O. Metformin to decrease COVID-19 severity and mortality:

Molecular mechanisms and therapeutic potential. Biomed
Pharmacother. 2021;144:112230. [PubMed ID: 34628168]. [PubMed

Central ID: PMC8492612]. https://doi.org/10.1016/j.biopha.2021.112230.

21. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, et al.

Global and regional diabetes prevalence estimates for 2019 and

projections for 2030 and 2045: Results from the International

Diabetes Federation Diabetes Atlas, 9(th) edition. Diabetes Res Clin
Pract. 2019;157:107843. [PubMed ID: 31518657].

https://doi.org/10.1016/j.diabres.2019.107843.

22. Mirsoleymani S, Taherifard E, Taherifard E, Taghrir MH, Marzaleh MA,

Peyravi M, et al. Predictors of Mortality Among COVID-19 Patients

With or Without Comorbid Diabetes Mellitus. Acta Med Iran.

2021;59(7):393-9. https://doi.org/10.18502/acta.v59i7.7018.

23. Bhinder OS, Swarnim S, Mantan M, Dabas A, Ahlawat RS. Chronic

Kidney Disease and COVID-19: Outcomes of hospitalised adults from

a tertiary care centre in North India. Med J Armed Forces India.

2022;79(Suppl 1):S68-74. [PubMed ID: 35169379]. [PubMed Central ID:

PMC8830751]. https://doi.org/10.1016/j.mjafi.2021.12.004.

24. Gao Y, Liu T, Zhong W, Liu R, Zhou H, Huang W, et al. Risk of

Metformin in Patients With Type 2 Diabetes With COVID-19: A

Preliminary Retrospective Report. Clin Transl Sci. 2020;13(6):1055-9.

[PubMed ID: 32955785]. [PubMed Central ID: PMC7537216].

https://doi.org/10.1111/cts.12897.

25. Li Y, Yang X, Yan P, Sun T, Zeng Z, Li S. Metformin in Patients With

COVID-19: A Systematic Review and Meta-Analysis. Front Med
(Lausanne). 2021;8:704666. [PubMed ID: 34490296]. [PubMed Central

ID: PMC8416892]. https://doi.org/10.3389/fmed.2021.704666.

26. Kan C, Zhang Y, Han F, Xu Q, Ye T, Hou N, et al. Mortality Risk of

Antidiabetic Agents for Type 2 Diabetes With COVID-19: A Systematic

Review and Meta-Analysis. Front Endocrinol (Lausanne).

2021;12:708494. [PubMed ID: 34603199]. [PubMed Central ID:

PMC8481667]. https://doi.org/10.3389/fendo.2021.708494.

27. Usman A, Bliden KP, Cho A, Walia N, Jerjian C, Singh A, et al.

Metformin use in patients hospitalized with COVID-19: lower

inflammation, oxidative stress, and thrombotic risk markers and

better clinical outcomes. J Thromb Thrombolysis. 2022;53(2):363-71.

[PubMed ID: 35041121]. [PubMed Central ID: PMC8764325].

https://doi.org/10.1007/s11239-022-02631-7.

28. Mohamed RH, Sedky AA, Hamam GG, Elkhateb L, Kamar SA, Adel S, et

al. Sitagliptin's renoprotective effect in a diabetic nephropathy

model in rats: The potential role of PI3K/AKT pathway. Fundam Clin
Pharmacol. 2022;36(2):324-37. [PubMed ID: 34735026].

https://doi.org/10.1111/fcp.12736.

29. Marfella R, Sardu C, D'Onofrio N, Prattichizzo F, Scisciola L, Messina V,

et al. Glycaemic control is associated with SARS-CoV-2 breakthrough

infections in vaccinated patients with type 2 diabetes. Nat Commun.

2022;13(1):2318. [PubMed ID: 35484164]. [PubMed Central ID:

PMC9051134]. https://doi.org/10.1038/s41467-022-30068-2.

30. Carrondo MC. Diabetic women: Inpatient mortality risk before SARS-

CoV-2. Obes Med. 2022;32:100413. [PubMed ID: 35480137]. [PubMed

Central ID: PMC9023087].

https://doi.org/10.1016/j.obmed.2022.100413.

31. Solerte SB, D'Addio F, Trevisan R, Lovati E, Rossi A, Pastore I, et al.

Sitagliptin Treatment at the Time of Hospitalization Was Associated

With Reduced Mortality in Patients With Type 2 Diabetes and COVID-

19: A Multicenter, Case-Control, Retrospective, Observational Study.

Diabetes Care. 2020;43(12):2999-3006. [PubMed ID: 32994187].

[PubMed Central ID: PMC7770266]. https://doi.org/10.2337/dc20-1521.

32. Abbasi F, Adatorwovor R, Davarpanah MA, Mansoori Y, Hajiani M,

Azodi F, et al. A Randomized Trial of Sitagliptin and Spironolactone

With Combination Therapy in Hospitalized Adults With COVID-19. J
Endocr Soc. 2022;6(4):bvac017. [PubMed ID: 35261932]. [PubMed

Central ID: PMC8898039]. https://doi.org/10.1210/jendso/bvac017.

33. Mirani M, Favacchio G, Carrone F, Betella N, Biamonte E, Morenghi E,

et al. Impact of Comorbidities and Glycemia at Admission and

Dipeptidyl Peptidase 4 Inhibitors in Patients With Type 2 Diabetes

With COVID-19: A Case Series From an Academic Hospital in

Lombardy, Italy. Diabetes Care. 2020;43(12):3042-9. [PubMed ID:

33023989]. https://doi.org/10.2337/dc20-1340.

34. Fadini GP, Morieri ML, Longato E, Bonora BM, Pinelli S, Selmin E, et al.

Exposure to dipeptidyl-peptidase-4 inhibitors and COVID-19 among

people with type 2 diabetes: A case-control study. Diabetes Obes
Metab. 2020;22(10):1946-50. [PubMed ID: 32463179]. [PubMed Central

ID: PMC7283835]. https://doi.org/10.1111/dom.14097.

35. Ushigome E, Hamaguchi M, Sudo K, Kitagawa N, Kondo Y, Imai D, et

al. Impact of untreated diabetes and COVID-19-related diabetes on

severe COVID-19. Heliyon. 2022;8(1). e08801. [PubMed ID: 35079646].

[PubMed Central ID: PMC8776352].

https://doi.org/10.1016/j.heliyon.2022.e08801.

http://www.ncbi.nlm.nih.gov/pubmed/33785249
https://www.ncbi.nlm.nih.gov/pmc/PMC7955932
https://doi.org/10.1016/j.tim.2021.03.004
http://www.ncbi.nlm.nih.gov/pubmed/34628168
https://www.ncbi.nlm.nih.gov/pmc/PMC8492612
https://doi.org/10.1016/j.biopha.2021.112230
http://www.ncbi.nlm.nih.gov/pubmed/31518657
https://doi.org/10.1016/j.diabres.2019.107843
https://doi.org/10.18502/acta.v59i7.7018
http://www.ncbi.nlm.nih.gov/pubmed/35169379
https://www.ncbi.nlm.nih.gov/pmc/PMC8830751
https://doi.org/10.1016/j.mjafi.2021.12.004
http://www.ncbi.nlm.nih.gov/pubmed/32955785
https://www.ncbi.nlm.nih.gov/pmc/PMC7537216
https://doi.org/10.1111/cts.12897
http://www.ncbi.nlm.nih.gov/pubmed/34490296
https://www.ncbi.nlm.nih.gov/pmc/PMC8416892
https://doi.org/10.3389/fmed.2021.704666
http://www.ncbi.nlm.nih.gov/pubmed/34603199
https://www.ncbi.nlm.nih.gov/pmc/PMC8481667
https://doi.org/10.3389/fendo.2021.708494
http://www.ncbi.nlm.nih.gov/pubmed/35041121
https://www.ncbi.nlm.nih.gov/pmc/PMC8764325
https://doi.org/10.1007/s11239-022-02631-7
http://www.ncbi.nlm.nih.gov/pubmed/34735026
https://doi.org/10.1111/fcp.12736
http://www.ncbi.nlm.nih.gov/pubmed/35484164
https://www.ncbi.nlm.nih.gov/pmc/PMC9051134
https://doi.org/10.1038/s41467-022-30068-2
http://www.ncbi.nlm.nih.gov/pubmed/35480137
https://www.ncbi.nlm.nih.gov/pmc/PMC9023087
https://doi.org/10.1016/j.obmed.2022.100413
http://www.ncbi.nlm.nih.gov/pubmed/32994187
https://www.ncbi.nlm.nih.gov/pmc/PMC7770266
https://doi.org/10.2337/dc20-1521
http://www.ncbi.nlm.nih.gov/pubmed/35261932
https://www.ncbi.nlm.nih.gov/pmc/PMC8898039
https://doi.org/10.1210/jendso/bvac017
http://www.ncbi.nlm.nih.gov/pubmed/33023989
https://doi.org/10.2337/dc20-1340
http://www.ncbi.nlm.nih.gov/pubmed/32463179
https://www.ncbi.nlm.nih.gov/pmc/PMC7283835
https://doi.org/10.1111/dom.14097
http://www.ncbi.nlm.nih.gov/pubmed/35079646
https://www.ncbi.nlm.nih.gov/pmc/PMC8776352
https://doi.org/10.1016/j.heliyon.2022.e08801

