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with the virus from mild upper respiratory symptoms 
to severe respiratory distress, respiratory failure, and 
death.[3] Most of these viruses are benign pathogens, but 
some deadly members of this family had discovered in 
the past which caused serious mortality and morbidities 
in human beings.[4] These viruses have some superficial 
proteins called spikes that allow them to attach to cellular 
receptors and enter the cell for multiplication afterward. 
Angiotensin convertase enzyme 2 receptor (ACE2R) 
is one of the well‑known cellular receptors used by 

INTRODUCTION

COVID‑19 is a disease currently known as the 
coronavirus causing respiratory distress syndrome 
2 (SARS‑CoV‑2).[1] The virus was first discovered in 
Wuhan, China, and soon led to an epidemic around the 
world.[2] The incubation period of the disease is reported 
to be between 2 and 14 days. So far, a wide range of 
clinical symptoms have been seen in people infected 
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SARS‑CoV‑2 for attachment.[5] The distribution of these 
communicating receptors in the different body organs 
determines the resulting disease’s clinical presentation. 
ACE2R, for instance, has considerable expression in alveolar 
cells, and it is well known that COVID‑19 causes serious 
lower respiratory tract presentations.[6]

Dipeptidyl peptidase‑4 (DPP‑4) which is also known as 
CD‑26 is one of the cellular receptors of interest for MERS 
coronavirus.[7‑9] This receptor is also expressed considerably 
in alveoli, and this expression could explain the respiratory 
consequences of MERS disease. SARS‑CoV‑2’s Spike 
protein in S1 section potentially could form an attachment 
with DPP‑4 protein, and this attachment could play an 
important role in the pathophysiology of COVID‑19. 
DPP‑4 is expressed in myeloid lineage, myocardium, 
endothelium, respiratory tract, thymocytes, and many 
other tissues.[10,11]

DPP‑4 inhibitors are a class of prescription medicines 
that are used to control high blood sugar in adults 
with type 2 diabetes mellitus (DM‑II). Sitagliptin is a 
well‑known member of this pharmacological family.[12‑14] 
These agents control the patient’s blood glucose level 
via decreasing the breakdown of glucagon‑like peptide 
1 (GLP‑1) in the periphery. This increased lifetime 
of GLP‑1, in turn, stimulates insulin secretion and 
suppresses the secretion of glucagon. This process 
ultimately causes blood glucose control in the healthy 
range for DM‑II patients.[15,16]

In a study reported by Kifle et al. in 2021, it was stated 
that DPP‑4 inhibitors could have a potential therapeutic 
effect in COVID‑19 infection. It was suggested that more 
data should be provided in this regard.[17] Furthermore, 
in a meta‑analysis published in 2021, it was suggested 
that DPP‑4 inhibitors may improve the mortality of 
coronavirus disease, however, the low sample size and 
the unknown types of DPP‑4is in the included studies 
were the limitations of meta‑analysis. They suggested that 
more clinical studies need to be performed to confirm the 
relationship between the use of DPP‑4is and the outcomes 
of COVID‑19.[18] Whether DPP‑4 inhibitors may affect the 
activity of COVID‑19 and have beneficial effects may need 
more evidence to demonstrate.[19]

People with diabetes are more likely to have serious 
complications from COVID‑19 and have more severe 
symptoms and complications when infected with any 
virus.[20,21] Considering the importance and prevalence of 
COVID‑19 infection and possible preventive roles of DPP‑4 
inhibition, we aimed to assess the roles of DPP‑4 inhibitors 
in prognosis of COVID‑19 infection in patients with DM‑II 
in a retrospective cohort study.

MATERIALS AND METHODS

This was a retrospective cohort study that was performed 
in 2020–2021 in military medical centers affiliated to AJA 
University of Medical Sciences in Tehran. The current study 
was conducted on patients with DM‑II who were admitted 
in medical centers with COVID‑19 infection. The study 
protocol was approved by the Research Committee of AJA 
University of Medical Sciences, and the Ethics Committee 
has confirmed it (ethics code: IR.AJAUMS.REC.1399.200).

The inclusion criteria were age over 18 years, previously 
diagnosed DM‑II for more than 5 years, hospitalization 
due to COVID‑19 in either intensive care unit (ICU) or 
general ward from February 2020 until November 2020, 
and signing the written informed consent to participate 
in this study. Diagnosis of COVID‑19 was performed via 
positive polymerase chain reaction (PCR) test, clinical 
presentations, and low‑dose high‑resolution computed 
tomography scan findings related to the infection. The 
exclusion criteria were incomplete medical documents, 
possible infections with other respiratory, and patient’s 
will to exit the study.

Patients were recruited based on the inclusion criteria. 
We collected demographic data of patients including age, 
gender. Other collected data were drug history, usage of 
DPP 4 inhibitors, duration of DPP 4 inhibitor usage, clinical 
presentations at the time of the first visit, blood oxygen 
saturation (O2 Sat), and temperature in the first visit. All 
data were extracted from the medical record of patients. 
Laboratory data of each patient at the time of admission 
were also requested. If any of the patients’ clinical data 
was missed, the authors called patients and completed the 
data, and in the case of no response, patients’ data were 
excluded from the study. Patients were divided into two 
groups: user of DPP‑4 inhibitors (for more than 1 year) 
and not user of DPP‑4 inhibitors, and different variables 
including demographic, clinical manifestations, lab data, 
and outcomes were compared between two groups.

The obtained data were entered into the Statistical 
Package for the Social Sciences (SPSS) (version 24, SPSS 
Inc., Chicago, IL, USA). Quantitative data were reported 
as mean ± standard deviation and qualitative data as 
frequency distribution (percentage). Independent t‑test and 
Chi‑square test were used to analyze the data. P < 0.05 was 
considered a significance threshold.

RESULTS

In the present study, we evaluated data of 1233 patients with 
COVID‑19 infection who were referred to our medical center 
during the study period. Among them, 220 patients with 
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DM‑II were included in the study. The study population 
consisted of 133 males (60.5%) and 87 females (39.5%) 
with a mean age of 66.13 ± 12.3 years. Primary analysis of 
patients’ data indicated that 129 patients (58.6%) had no 
past medical diseases and the most common past medical 
diseases in other patients were cardiovascular (23.6%), 
renal (5%), and pulmonary (4.1%) diseases, respectively. 
One hundred and fifty‑two patients (69.1%) had positive 
PCR results for COVID‑19. The average symptom duration 
was 7.81 days.

Evaluation of initial vital signs and distribution of 
gastrointestinal symptoms and dyspnea at the admission 
time showed no significant differences between two 
groups of patients treated with DPP‑4 inhibitors and other 
cases (P > 0.05) [Table 1].

One hundred and ninety‑one patients (86.8%) required 
oxygen (O2) therapy, 12 patients (5.5%) required noninvasive 
ventilation (NIV), and 38 patients (17.3%) required 
endotracheal intubation during hospitalization.

Evaluation of antidiabetic treatments indicated that 
146 patients (66.4%) consumed metformin that was the 
most common drug in patients. Forty‑four patients (20%) 
consumed DPP‑4 inhibitors (sitagliptin and linagliptin). We 
evaluated the prognosis of all cases. Based on our findings, 
174 patients (79.1%) were eventually discharged from the 
hospital and 46 patients (20.9%) died. One hundred and 
eighty‑one cases (82.2%) were admitted in the general 
ward, in which 164 (74.5%) of them stayed there until 
their discharge from the hospital and 17 patients (7.7%) 
were transferred to ICU because of clinical deterioration. 
Thirty‑nine patients (17.7%) also were hospitalized in the 
ICU ward directly after admission. We also compared 
laboratory data at the time of admission between patients 

with DPP‑4 inhibitors use and others. Based on the results 
presented in Table 2, we observed no significant differences 
between the two groups regarding the laboratory findings 
at admission time (P > 0.05).

Comparison of different data between patients who consumed 
DPP‑4 inhibitors and other cases showed that the patients 
who were previously treated with DPP‑4 inhibitors had 
significantly lower hospitalization duration (6.57 ± 2.3 vs. 
8.03 ± 4.4, respectively, P = 0.01) [Figure 1].

Our data also demonstrated that  patients who 
were treated with DPP‑4 inhibitors required less O2 
therapies (76.7% vs. 88.6%, P = 0.046). There were no 
significant differences between the two groups of 
patients regarding survival rates (P = 0.55). These data 
are summarized in Table 3.

Table 1: Comparison of initial vital signs and clinical 
manifestations of patients at the admission time
Variable Mean±SD

DPP‑4 
inhibitor users

Non‑DPP‑4 
inhibitor users

P

Heart rate (beats/min) 87.23±17.49 87.31±16.25 0.08
Respiratory rate (min) 18.77±2.22 19.52±4.58 0.75
Oral body temperature (°C) 37.08±0.71 37.61±4.66 0.97
Capillary oxygen saturation 89.11±7.53 86.77±9.11 0.12
Gastrointestinal symptoms, 
n (%)

6 (14) 30 (19) 0.69

Dyspnea, n (%) 33 (76.7) 122 (77.2) 0.97
DPP‑4=Dipeptidyl peptidase‑4; SD=Standard deviation

Table 2: Comparison of laboratory data between patients 
at the admission time
Variable Mean±SD

DPP‑4 
inhibitor users

Non‑DPP‑4 
inhibitor users

P

White blood cell (cells/m3) 7.78±4.06 7.86±4.46 0.43
Lymphocytes (cells/L) 1327.46±578.02 1380.68±913.60 0.10
Platelet (109/L) 226.60±80.80 207.53±88.73 0.20
Creatinine (mg/dL) 1.33±0.88 1.43±0.65 0.39
ALT (IU/L) 38.28±51.72 48.74±136.15 0.65
AST (IU/L) 52.55±54.56 60.74±128.07 0.71
ESR (mm/h) 51.08±32.83 50.80±26.42 0.96
ALT=Alanine aminotransferase; ESR=Erythrocyte sedimentation rate; SD=Standard 
deviation; DPP‑4=Dipeptidyl peptidase‑4; AST=Aspartate aminotransferase

Table 3: Comparison of hospitalization duration, O2 
therapy requirement, and survival rates between 
dipeptidyl peptidase‑4 inhibitor users and other patients
Variable DPP‑4 

inhibitor users
Non‑DPP‑4 

inhibitor users
P

Hospitalization duration 
(days), mean±SD

6.57±2.3 8.03±4.4 0.01

Oxygen therapy, n (%) 33 (76.7) 140 (88.6) 0.04

Survival rate, n (%) 35 (81.4) 122 (77.2) 0.55
DPP‑4 = Dipeptidyl peptidase‑4; SD = Standard deviation

Figure 1: Comparison of hospitalization duration between dipeptidyl peptidase‑4 
inhibitor users and other cases
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We have also assessed several factors including age, sex, 
body mass index, past medical history, and metformin/
DPP‑4 use of the patients for survival risk assessment. The 
resulting data are presented in Table 4. Metformin usage 
significantly increased patients’ chance of survival (odds 
ratio [OR] = 11.96, P = 0.018) while DPP‑4 inhibitor usage 
showed no statistically significant impact on survival. Older 
patients were in increased risk for mortality because of 
COVID‑19 (OR = 1.13, P = 0.004). Other comparisons showed 
no statistically significant difference.

DISCUSSION

In the present study, we evaluated data of patients 
with DM‑II who were hospitalized due to COVID‑19. 
Based on the findings of our study, patients who were 
previously treated with DPP‑4 inhibitors for DM‑II 
had significantly lower hospitalization duration and 
requiring O2 therapies. However, no changes in patients’ 
survival rates were observed. By assessing different risk 
factors for patients’ survival rates, we demonstrated that 
metformin usage was associated with increased survival 
rates while higher age was associated with decreased 
survival rates.

Among COVID‑19 patients, patients with chronic 
underlying disease are at an increased risk for presenting 
severe and life‑threatening complications after SARS‑CoV‑2 
infection.[22] Type II diabetes mellitus is one of the most 
prevalent noncommunicable diseases worldwide which 
harms patients’ health status. Studies suggest that patients 
with diabetes are in increased danger for involving in severe 
COVID‑19 complications.[23,24]

There have been previous studies that assess the prognosis 
of COVID‑19 infection in patients with DM‑II. In 2020, a 
study was conducted by Lakhani et al. that assessed the data 
of 13 patients with COVID‑19 and acute respiratory distress 
syndrome. Based on the findings of this study, patients 
who were previously treated with DPP‑4 inhibitors had 
significantly lower hospitalization duration.[25,26] Du et al. 
also conducted a study on the roles of DPP‑4 inhibitors 

in COVID‑19 infection. It was mentioned that DPP‑4 is 
a ubiquitous glycoprotein which could act both as a cell 
membrane‑bound protein and a soluble enzymatic protein 
after cleavage and release into the circulation. It was reported 
that DPP‑4 inhibitors could alter the prognosis of DM 
patients with COVID‑19 infection and their requirements 
for O2 therapies through its effects on cardiovascular 
system.[27,28] These results were in line with the findings 
of our study that demonstrated significantly reduced 
hospitalization duration and O2 therapy requirement in 
patients treated with DPP‑4 inhibitors.

Another study was reported by Noh et al. in 2021. This 
cohort study assessed data of 586 patients with DM‑II and 
COVID‑19 infection. Based on the findings of this study, the 
usage of DPP‑4 inhibitors was not associated with changes 
in the survival of patients, but decreased hospitalization 
duration was observed among them.[29] Similar results were 
demonstrated in the current study.

Another finding of our study was that our participants 
showed COVID‑19 clinical symptoms for 7.81 days. 
Based on the literature and clinical observations, different 
symptoms of COVID‑19 differ in presentation duration. 
We considered the overall hesitance of COVID‑19 as our 
clinical course duration which was reported to be 7.81 days 
on average. Based on prior researches, some COVID‑19 
symptoms like dyspnea can last for months in some 
patients.[30,31]

We observed that most of the participants did not need 
respiratory support by extra O2 therapy or intubation/NIV. 
Respiratory support in the case of patients’ needs is a key 
part of COVID‑19 patients’ hospital management.[32] Low 
oxygen saturation of COVID‑19 patients and respiratory 
failure is one of the most important causes of death among 
these patients.[33] We should note that all participants who 
needed respiratory support received proper management. 
We demonstrated that cardiovascular disease was the 
most frequent medical illness found in the participants. 
Junior Rika Matangila et al. reported hypertension and 
diabetes as the most frequent underlying disease of 
hospitalized COVID‑19 patients.[34] In a local study by 
Nasser Malekpour Alamdari et al. in Iran, several chronic 
diseases including diabetes were found to be more 
inpatient that died due to COVID‑19.[35] It is evident that 
the accumulative effect of several diseases in patients 
could be worth his/her health status and leads the patient 
to more severe outcomes.

The mentioned data were consistent with the findings 
of our study. Another important finding of our study 
was reduced risks of mortality in patients consuming 
metformin. Similar data have been reported earlier.[36,37] 

Table 4: Risk assessment for patients’ survival
Variable P Adjusted OR 95% CI for EXP (B)

Lower Upper
Age 0.004 1.13 1.04 1.23
Gender (female) 0.72 0.74 0.15 3.75
BMI 0.37 0.93 0.81 1.08
PMH 0.67 0.71 0.15 3.40
HTN 0.50 1.83 0.30 10.87
DPP‑4 use 0.76 0.76 0.13 4.41
Metformin 0.01 11.96 1.54 92.88
BMI=Body mass index; PMH=Past medical history; HTN=Hypertension; 
DPP‑4=Dipeptidyl peptidase‑4; CI=Confidence interval; OR=Odds ratio
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These data show that metformin could possibly be useful 
in patients with COVID‑19 and further research should be 
conducted in this regard. However, the large OR (11.96, 95% 
OR [1.54–92.88]) may reduce the strength of this association 
in clinical practice.

Our data show that DPP‑4 inhibitors could contribute 
to lower hospitalization duration and lower need for O2 
therapies and as a result might be useful in the treatment 
of COVID‑19. However, DPP‑4 inhibitor usage showed no 
statistically significant impact on survival which may be 
due to small sample size.

Limitations of the study
No data was available regarding the other drugs such as 
antihypertensive and statins that may have potential effects 
on coronavirus, which could be a limitation of the study. The 
other limitations of this study may be the small sample size 
and nature of our study compared with prospective studies. 
Furthermore, we could not evaluate other prescribed drugs 
for comorbid disorders or complications of DM which may 
be the confounding factors.

CONCLUSION

DPP‑4 inhibitors could significantly decrease hospitalization 
days in diabetic patients who were hospitalized for 
COVID‑19. However, DPP‑4 inhibitor usage showed no 
statistically significant impact on survival. Lower age was 
a factor that decreases the odds of death due to COVID‑19 
complications.
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