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in COVID-19: Findings From a Systematic Review
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Abstract

Background: Inhibitors of dipeptidyl peptidase-4 (DPP4) have been 
used for diabetic patients and there is debate around using the same 
DPP4 inhibitors as a potential source of treatment for severe corona-
virus disease 2019 (COVID-19). The findings from individual stud-
ies regarding the usage of DDP4 inhibitors on COVID infection are 
available but not reviewed and synthesized. Therefore, we aimed to 
conduct a systematic review to synthesize the findings regarding its 
effect on the COVID infection course and the outcome.

Methods: We carried out an electronic search in Google Scholar and 
PubMed. We considered a study eligible if it was an original research 
study, published in English during the era of COVID-19 till Septem-
ber 2021, and had provided information on the topic of DPP4 inhibi-
tors and COVID infection followed by reviewing the full-text articles 
and summarizing their findings.

Results: This review provided novel insights into the effect of DDP4 
inhibitor users and its effect on COVID-19 patients. Overall, litera-
ture is scarce on the effect of DDP4 inhibitors on COVID severity and 
we found mixed results regarding the DDP4 effects on disease sever-
ity and mortality. The evidence is not consistent currently as some of 
the studies supported the role of DDP4 inhibitor, while other stud-
ies provided contradictory findings. UK population data published in 
2021 with 2.5 million diabetic patients found no evidence to support a 
protective effect of DDP inhibitors on morbidity and mortality related 
to COVID-19.

Conclusion: The findings of the review reveal that there is some ben-
efit of the usage of DDP4 inhibitors on COVID-19 morbidity and 
mortality. However, we highly recommend replicating the studies 
in different contexts before making any strong recommendations. 

Furthermore, the results need to be interpreted cautiously due to the 
scarcity of literature on the role of DDP4 inhibitors among diabetic 
patients with COVID-19.

Keywords: DDP4 inhibitors; COVID-19; Diabetes; Systematic re-
view

Introduction

Since the end of 2019, the novel and deadly infection due to 
coronavirus disease 2019 (COVID-19) originated in one of the 
provinces of China followed by its spread throughout the re-
maining world [1, 2]. Ever since the first case of COVID-19 
was detected in the Hubei district of China (Wuhan) at the 
end of November 2019, the virus started spreading to both de-
veloping and developed countries and regions [3], due to its 
highly contagious course of disease [4, 5]. It was only within 
3 months after the origin of the virus, the frequency of COV-
ID-19 cases rose to a higher level even outside China, which 
resulted in reporting of new cases and related deaths to the 
World Health Organization (WHO) from multiple countries 
around the world. It was March 16, 2020, when the WHO an-
nounced this disease as a pandemic which had then numerous 
individuals and claimed several lives across the globe [6]. The 
affected patients can transmit COVID-19 infection to other hu-
man beings through direct and indirect contact [7, 8]. Almost 
the whole world has experienced substantial morbidity and 
mortality because of the contagious nature of the virus and its 
associated complications [4, 5]. Furthermore, this unexpected 
and deadly pandemic has negatively affected the health status, 
life expectancy, and quality of life of a plethora of human be-
ings on this planet [9]. The highly transmissible and infectious 
nature of the COVID-19 and its propensity to spread from one 
human being to the other via aerosol droplets forced countries 
to impose control and preventive measures [10, 11].

Coronaviruses tropism is mainly established by the capa-
bility of the spike(s) entry glycoprotein that binds to a receptor 
on the cell [12]. The existing findings illustrate that corona-
virus may use enzymes such as angiotensin-converting en-
zyme 2, to cause infection among humans [12]. However, the 
emerging premise has alluded to another receptor, i.e., dipepti-
dyl peptidase-4 (DPP4) while attaching to the respiratory tract 
cells. Thus, it seems that the interface between the spike gly-
coprotein of coronavirus and the human DPP4 also recognized 
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as CD26 is a crucial element for virulence, thereby infection 
among humans [13]. Several clinical and experimental studies 
over the past three decades have unambiguously indicated that 
the DPP4/CD26 conduit is implicated in numerous biological 
mechanisms and illnesses of the immune system [14]. Further, 
DPP4/CD26 transmembrane glycoproteins are expressed by 
several cells of the immune system as well as by epithelial and 
endothelial cells of vessels such as veins, venules, capillaries, 
and by various organs such as the small bowel, pancreas, kid-
ney, lungs, heart, spleen, liver, and smooth muscle cells [15]. 
More specifically, it has been reported that cells of the lung 
and respiratory tract are comparatively rich in DPP4 protein, 
which is also reflected by the lungs as the most affected or-
gans in the body of humans by COVID-19. This is because 
the cells within the lung such as pneumocytes embody main 
cellular locations for coronavirus entrance, and inflammation 
[16]. Further, DPP4 protein releases the inflammatory markers 
and cause damage at the cellular level. These results have mo-
tivated health care professionals and researchers to use DPP4 
protein inhibitors to control cytokine storms resulting from 
immunomodulators to increase the prognosis and decrease the 
deaths from COVID-19 [17]. Such inhibitors have been used 
for diabetic patients and there is debate around using the same 
DPP4 inhibitors as a potential source of treatment for severe 
COVID-19 because these inhibitors could suppress T-cell pro-
liferation and the production of pro-inflammatory cytokines. 
However, the evidence regarding the usage of DDP4 inhibi-
tors on COVID infection is scarce and needs further explo-
ration before establishing their usage for COVID-19 patients. 
Therefore, we aimed to conduct a systematic review to review 
and synthesize the findings regarding the mechanisms through 
which DDP4 works in COVID patients and the outcome com-
paring patients who have been treated with DDP4 inhibitors 
and those who have not been treated.

Materials and Methods

We conducted the systematic review to appraise, synthesize, 
and aggregate the available evidence to understand the un-
derlying mechanisms through which DDP4 inhibitors prevent 
the infection or progression of COVID-19. We used PRISMA 
guidelines to undertake this systematic review and checklist is 
given in Table 1 [18].

Inclusion and exclusion criteria

We carried out an electronic search on the different aspects 
regarding mechanisms of DDP4, its role in the inflammatory 
process, its linkages with COVID-19, and whether inhibitors 
of DDP4 could reduce the severity of COVID-19. To address 
our study question, the eligibility of a study was contingent for 
inclusion if it was focused on the role of DDP4 on reducing the 
morbidity and mortality of COVID-19 among diabetic patients 
since the emergence of COVID-19. Studies that were pub-
lished in English from 2010 to 2020 across different regions 
of the world were included. Additionally, only those studies 

which were quantitative were incorporated. On the contrary, 
we excluded secondary data, letters to the editor, case reports, 
and grey literature from this review. The grey literature is 
defined as any research material that is published by institu-
tions and organizations not included in the commercial or aca-
demic publishing channels. The most common grey literature 
includes technical reports, government documents, abstracts, 
unpublished data, working papers, dissertation/thesis, patents, 
and white papers and evaluations [19].

Information sources and search strategy

A systematic search of published articles was started and com-
pleted in 2021. We started and completed a search of published 
articles that were published during the era of COVID-19 in 
various journals till September 2021. We explored referenc-
es of pertinent reviews along with the database searches. An 
independent search was carried out by two authors who also 
scanned the results for potentially appropriate studies followed 
by retrieving the full-text articles. We pre-piloted the search 
strategies without any restrictions by year of publication, geo-
graphic area, or other socio-demographic characteristics.

We searched databases such as TRIP, Cochrane library, 
PubMed, and MEDLINE. An independent search was carried 
out by two authors who also scanned the results for potentially 
appropriate studies followed by retrieving the full-text articles. 
We grouped search terms into four major categories of the 
same PICOS (population, intervention, outcome, and settings) 
framework. The included articles were all English-language 
studies published in peer-reviewed journals. We found articles 
relevant to our objectives using the following Medical Sub-
ject Heading (MeSH) keywords and text words terms: “DDP4 
and COVID-19”, “DDP4 inhibitors and COVID-19”, “role of 
DDP4 inhibitors in reducing COVID-19”, “benefits of DDP4 
inhibitors in reducing the severity of COVID-19”, “DDP4 
inhibitors and mortality from COVID-19”, and “mechanism 
of DDP4 inhibitors in reducing morbidity from COVID-19. 
Likewise, the search term for diabetes mellitus (DM) included 
either “type-2 diabetes mellitus”, “diabetes mellitus”, “type-2 
DM”, and “DM”. This was followed by combining these ma-
jor concepts using combinations (AND, OR) relevant to the 
research question.

Data abstraction

We imported all appropriate research studies into the refer-
ence manager software (EndNote™) file, where each study 
was reviewed, and we also screened titles for duplicates in 
this software. We did not consider the abstracts for further 
review, which did not explicitly explore the study objective. 
Finally, we obtained and examined the full-text articles of the 
remaining germane articles. This was followed by abstracting 
and summarizing the articles that met the eligibility criteria us-
ing a standardized proforma. Besides, the bibliography of the 
remaining studies was also checked and scrutinized to evade 
missing any useful studies. This process of searching the arti-
cles was carried out independently by the reviewers, and their 
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Table 1.  PRISMA Check List That Was Followed for This Review

Section and topic Checklist item Location where item is reported
Title Identify the report as a systematic review. Abstract, Introduction and Methods
Abstract See the PRISMA 2020 for Abstracts checklist. Seen and followed this guideline
Rationale Describe the rationale for the review in the context of existing knowledge. Rationale is described.
Objectives Provide an explicit statement of the objective(s) 

or question(s) the review addresses.
Objectives are described.

Eligibility criteria Specify the inclusion and exclusion criteria for the review 
and how studies were grouped for the syntheses.

All required details are in 
Methods section.

Information 
sources

Specify all databases, registers, websites, organizations, reference 
lists and other sources searched or consulted to identify studies. 
Specify the date when each source was last searched or consulted.

Databases are specified in 
Methods section.

Search strategy Present the full search strategies for all databases, registers 
and websites, including any filters and limits used.

A full table of search strategy is made 
and details are in Methods section.

Selection process Specify the methods used to decide whether a study met the inclusion 
criteria of the review, including how many reviewers screened each 
record and each report retrieved, whether they worked independently, 
and if applicable, details of automation tools used in the process.

All required details are in 
Methods section.

Data collection 
process

Specify the methods used to collect data from reports, including 
how many reviewers collected data from each report, whether 
they worked independently, any processes for obtaining or 
confirming data from study investigators, and if applicable, 
details of automation tools used in the process.

All required details are in 
Methods section.

Data items List and define all outcomes for which data were sought. Specify 
whether all results that were compatible with each outcome domain in 
each study were sought (e.g., for all measures, time points, analyses), 
and if not, the methods used to decide which results to collect.

All required details are in 
Methods section.

List and define all other variables for which data were sought (e.g., 
participant and intervention characteristics, funding sources). Describe 
any assumptions made about any missing or unclear information.

These are listed in Methods 
as well as Tables.

Effect measures Specify for each outcome the effect measure(s) (e.g., risk ratio, 
mean difference) used in the synthesis or presentation of results.

It is specified in Tables.

Synthesis 
methods

Describe the processes used to decide which studies were eligible for 
each synthesis (e.g., tabulating the study intervention characteristics and 
comparing against the planned groups for each synthesis (item #5)).

Flow chart is made with 
details in Methods.

Describe any methods required to prepare the data for 
presentation or synthesis, such as handling of missing 
summary statistics, or data conversions.

NA

Describe any methods used to tabulate or visually display 
results of individual studies and syntheses.

See the flow chart and Tables.

Describe any methods used to synthesize results and provide a 
rationale for the choice(s). If meta-analysis was performed, describe 
the model(s), method(s) to identify the presence and extent of 
statistical heterogeneity, and software package(s) used.

Since it was not a meta-analysis, 
we performed qualitative review.

Describe any methods used to explore possible causes of heterogeneity 
among study results (e.g. subgroup analysis, meta-regression).

NA

Describe any sensitivity analyses conducted to assess 
robustness of the synthesized results.

NA

Reporting bias 
assessment

Describe any methods used to assess risk of bias due to missing 
results in a synthesis (arising from reporting biases).

NA

Certainty 
assessment

Describe any methods used to assess certainty (or 
confidence) in the body of evidence for an outcome.

NA
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judgments and extracted summaries were matched to identify 
the differences and resolve these accordingly.

Independent reviewers filled a standardized data extrac-
tion sheet for the eligible research articles. The reviewers com-
pared the data extraction tables to ensure including the impera-
tive findings of the eligible studies and pilot tested the data 
extraction sheet before starting the process of data extraction. 
Besides, prevailing research articles on the chosen topic were 
reviewed to describe objects of the data extraction sheets. Any 
discrepancies between the independent reviewers were re-
solved by consensus between the two reviewers.

Results

Findings of the search strategy

We screened the identified articles initially by titles, then by 
abstracts, and finally, we carried out a full-text articles assess-
ment. We did not include all the articles that did not meet pre-
defined eligibility criteria. As a result, our initial search identi-
fied 1,205 citations in different databases; however, 25 articles 
were duplicates that were removed. Of the remaining 1,180 
unique studies, we reviewed titles and abstracts and found 268 
relevant abstracts. Upon reviewing abstracts, 249 articles did 
not meet the eligibility criteria while reviewing the abstracts 
and eight did not meet eligibility after reviewing full texts. 
Hence, we were able to retrieve full texts for 11 articles, which 
were incorporated in the review as shown in Figure 1.

Characteristics of the eligible studies

With respect to the setting, of these 11 studies, all were obser-
vational studies. However, within the observation studies, the 
majority of them were prospective or retrospective cohorts and 
only two were case controls and one was case-cross-over. The 

sample size of all included research studies varied between 85 
and 2,796 and all of the studies were conducted in an inpa-
tient setting such as wards but not the outpatient departments. 
All the studies had included both genders and all studies were 
published in 2020 (Supplementary Material 1, www.jofem.
org) [20-30].

Summary of the main results based on included studies

Generally, literature is scarce on the effect of DDP4 inhibi-
tors on COVID severity, and below is the synthesis of findings 
from various epidemiological studies among people with DM. 
The most important study that initiated the idea about the ef-
fect of the role of DDP4 inhibitors in reducing morbidity and 
mortality due to COVID-19 was conducted in South Korea. 
This study reported a substantial advantage of DDP4 inhibitor 
users among diabetic patients with COVID-19. In this study, 
263 patients were users of DDP4 inhibitors and 569 were non-
users of DDP4 inhibitors. This study primarily found a lower 
risk of severe COVID-19 among DDP4 inhibitor users than 
non-users after adjusting for diverse confounders such as age, 
gender, hypertension, cardiovascular disease, asthma, and 
cancer [20], thus highlighting the benefit of DDP4 inhibitor 
users among diabetic and patients with COVID-19 [20]. The 
proportion of those who were admitted to ICU due to higher 
morbidity or had mortality was 3.42% among users of DDP4 
inhibitors and it was 4.39% among non-users of DDP4 inhibi-
tors. Thus the main findings of the study suggest that DDP4 
inhibitors are significantly associated with an improved clini-
cal consequence among patients with COVID-19 as shown in 
Supplementary Material 1 (www.jofem.org) [20-30].

Another longitudinal study found different risk factors 
for increased mortality of patients with type 2 DM and COV-
ID-19 [21]. These factors included older age and with 1 year 
increase in age, the odds of mortality increased by 9% (P = 
0.001). Another significant risk factor of mortality was elevat-
ed C-reactive protein (P = 0.043) and the use of insulin (P = 

Section and topic Checklist item Location where item is reported
Study selection Describe the results of the search and selection process, from 

the number of records identified in the search to the number of 
studies included in the review, ideally using a flow diagram.

Flow chart and details are in Methods.

Cite studies that might appear to meet the inclusion criteria, but 
which were excluded, and explain why they were excluded.

Flow chart and details are in Methods.

Study 
characteristics

Cite each included study and present its characteristics. Description is given in Tables 
and Results section.

Results of 
individual studies

For all outcomes, present, for each study: (a) summary statistics for each 
group (where appropriate) and (b) an effect estimate and its precision (e.g. 
confidence/credible interval), ideally using structured tables or plots.

Description is given in Tables 
and Results section.

Discussion Provide a general interpretation of the results in the context of other evidence. Done.
Discuss any limitations of the evidence included in the review. Done.
Discuss any limitations of the review processes used. Done.
Discuss implications of the results for practice, policy, and future research. Done.

Table 1.  PRISMA Check List That Was Followed for This Review - (continued)
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0.009). Generally, these factors were associated with a worse 
prognosis and a higher probability of mortality [21]. However, 
there were no significant differences in the clinical outcomes 
of those patients who were using medications such as angio-
tensin-converting enzyme (ACE) inhibitors or angiotensin II 
receptor blockers (ARBs) vs. those who were not using these 
medications (P ≥ 0.05) [21]. However, multivariable regres-
sion analyses indicated that none of the glucose-lowering med-
ications (metformin, insulin, a-glycosidase, secretagogues, or 
DPP4 inhibitors) were associated with in-hospital death (Sup-
plementary Material 1, www.jofem.org) [20-30].

Analogously, another retrospective study was conducted 
on 889 relatively sick patients, of whom 337 were diagnosed 
with type 2 DM. This study found that in older males with 

heart disease, ischemic heart disease with low platelet count 
and several morbidities were found to be important risk fac-
tors for the poor outcomes such as higher mortality (death) 
and morbidity (indicated by admission to intensive care unit 
(ICU)) among COVID patients with DM adjusting for con-
founders such as ethnicity, anemia, temperature, respiratory 
rate, heart rate, systolic and diastolic blood pressures [30]. 
More specifically, males were more likely to suffer from COV-
ID-19 associated morbidity and mortality than females with a 
P-value of 0.031. Likewise, older patients had a higher risk of 
being admitted to the ICU (morbidity) or were more prone to 
death than younger patients with a significant P-value of 0.005 
[30]. Patients with a lower platelet count had a higher risk of 
morbidity and mortality associated with COVID-19 with a P-

Figure 1. Flow chart summarizing the identification and selection of papers for systematic review.
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value of 0.001 [30]. However, this study did not find any sig-
nificant differences in mortality after being admitted to ICU 
for 1 month. This alludes to the fact that DDP4 inhibitor usage 
is not significantly associated with mortality among patients 
with COVID-19 among 337 study participants [30].

Another study was conducted on around 1,317 dia-
betic patients with COVID-19, who included both DDP4 
inhibitors’users and non-users. The main study findings re-
vealed that around one-third of the patients (29.0%) experi-
enced the primary outcome of interest, which was a combina-
tion of morbidity and mortality such as the risk of intubation 
and/or death within a week of hospital admission [22]. Around 
10.6% of the patients in this cohort experienced mortality; 
however, 18.0% were discharged on day 7. The final model 
adjusted for age and sex revealed that body mass index (BMI), 
patients’ age, lymphocyte count, obstructive sleep apnea, mi-
cro- and macrovascular complications related to DM were 
found to be independent risk factors of mortality on day 7 with 
a P-value < 0.05 for all these variables [22].

Another multi-center longitudinal study was conducted 
on 2,796 participants. It was found that 20.6% of the patients 
experienced mortality on 28 days of the follow-up. The final 
multivariable analysis revealed that factors such as younger 
people who were on routine medications such as metformin 
therapy with a longer duration of symptoms at the time of ad-
mission were less likely to die in the hospital and more likely 
to discharge from the hospital. In addition, patients with mi-
crovascular complications, who were on anticoagulation ther-
apy, had dyspnea at the time of admission, with higher levels 
of white cell count, C-reactive protein, and higher levels of 
aspartate aminotransferase were less likely to be discharged 
and within 28 days than their counterparts with a P-value of < 
0.001 for these factors [23]. With respect to the usage of regu-
lar medications, patients using metformin and DPP4 inhibitors 
had a higher probability of discharge, whereas those patients 
who were using insulin, diuretics, β-blockers, and anticoagula-
tion medications had a lower chance of discharge [23].

One more retrospective study undertaken on 85 patients 
with DM and COVID-19 did not find any difference in the rate 
of admissions in ICU (P-value: 0.329) as well as mortality (P-
value: 0.821) between two groups of people, i.e., users of DDP4 
inhibitors and no use of DDP4. For example, the P-values for 
age, sex, hypertension, and current smoking were 0.647, 0.392, 
and 0.977, respectively. However, their analysis was univariate, 
and the researchers did not adjust for known confounders that 
could be common causes of disease and exposure [24]. These 
findings were also endorsed by researchers that conducted a 
study in Italy and Korea, where authors confirmed no differ-
ence between mortality and severity of disease [31, 32].

Another study found slightly conflicting results and their 
results revealed a four times higher risk of being admitted in 
the ICU among the users of DDP4 inhibitors than their counter-
parts, those who did not use DDP4 inhibitor. They also found a 
higher association between DDP4 inhibitors and the risk of ad-
mission in ICU [25]. Further, the findings revealed a significant 
association between comorbidity of DM and hypertension and 
study outcomes such as hypoxia and admission to ICU (P-value 
< 0.05) indicating the morbidity. Among diabetics, those who 
were receiving DDP4 inhibitors were at higher risk of being ad-

mitted into the hospital than those who were not with statistically 
significant results (P-value < 0.05). This was further confirmed 
by a multivariable sensitivity analysis that adjusted for BMI, he-
moglobin A1c (HbA1c), systolic, and diastolic blood pressures 
at the baseline. Further, there was no difference found in the 
results when these findings were limited to the patients taking 
metformin [25]. This means that when the findings were lim-
ited to patients taking metformin, there was no difference in the 
findings from the primary findings mentioned above. Patients 
diagnosed with type 2 DM and who were using DPP4 inhibitors 
had substantially lower levels of brain-derived neurotrophic fac-
tor [25]. However, a case series of around 27 patients reported a 
lower rate of intubation in DPP4 inhibitor users when compared 
to the non-users [26]. Further, the study findings revealed that 
patients admitted to ICU were overweight or obese men suffer-
ing from arterial hypertension and treated by antidiabetic drugs 
and medicines for heart disease.

Similarly, the largest retrospective study found that those 
who used DDP4 inhibitors such as sitagliptin were less likely 
to die from all causes than those who did not use it and the 
results were statistically significant [27].

These findings were also confirmed by another study 
where it was found that all-cause mortality was reduced among 
DDP4 inhibitor users than non-users [33]. More specifically, 
treatment with highly selective DDP4 inhibitors at the time of 
hospitalization was related to decreased mortality (P-value: 
0.0001), with significant progress in clinical outcomes (P-
value: 0.0001) that revealed reduced mortality and with more 
hospital discharges (P-value: 0.0008) compared with patients 
not receiving DDP4 inhibitors [33].

Some of the studies were conducted recently in 2021 in the 
same area. For instance, a study conducted by Wander et al in the 
USA (n = 35,879) found that among diabetic individuals, there 
was a positive association with prior sulfonylurea or insulin use 
and adverse outcomes such as hospitalization, ICU admissions, 
and death at 30 days [28]. However, there was no significant 
association between DDP4 inhibitors and other antidiabetic 
medications such as glucagon-like peptide-1 (GLP-1) receptor 
agonists/sodium-glucose co-transporter-2 (SGLT-2) inhibitors 
and the same adverse outcomes [28]. The potential confound-
ers that authors considered in their analysis included age, sex, 
race, smoking, urban/rural status, comorbid, and use of statins 
[28]. Likewise, recently a nationwide observational cohort study 
published in 2021 provided by far the most complete data and 
found no evidence to support a protective effect of DDP inhibi-
tors on the outcomes among diabetic patients with COVID-19 
[29]. The authors studied 2,851,465 people with type 2 DM and 
the findings revealed negligible evidence of an association be-
tween DDP inhibitors and COVID-related mortality (hazard ra-
tio (HR): 1.07, 95% confidence interval (CI): 1.01 - 1.13). These 
differences in the HR of mortality are minute and are probably 
due to confounding by indication because these are less likely to 
be used on older or frail people [29].

Discussion

This review was undertaken to understand the effect of DPP4 
inhibitors on the morbidity and mortality associated with COV-
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ID-19 among diabetic patients. Given the emergence of a new 
virus, the literature regarding this research area is typically 
scarce and there is a dearth of literature. Overall, the findings 
are mixed about the effect of DPP4 inhibitors on the outcome 
of interest; however, most of the studies showed a positive ef-
fect of DPP4 inhibitors on the morbidity and mortality related 
to COVID-19. However, the existing premise from available 
studies provides a direction to propose some research questions 
and hypotheses to be tested in future studies. There are different 
underlying mechanisms through which DPP4 inhibitors might 
play a role in reducing morbidity and mortality associated with 
COVID-19 among diabetic patients. The available literature 
regarding the effect of DDP4 inhibitors on COVID severity is 
synthesized and summarized in the following paragraphs.

DPP4 is a commonly expressed ectopeptidase serine mem-
brane-anchored ectopeptidase that survives on the surface of 
different cells and separates dipeptides from the N-terminus, 
where a remnant of proline is in the penultimate position [34]. 
DPP4 acts as a binding protein and a ligand of factors at the 
extracellular level in addition to its catalytic action, and DPP4 
can cleave a substantial number of particles [35, 36]. Despite 
the lack of pathological data, it seems that COVID-19 infects 
the respiratory tract and causes irreversible and fatal pneumo-
nia by inflammatory markers by replicating itself. The repli-
cation of the virus can result in delayed interferon response, 
infiltration by neutrophils and macrophages, and also the 
production of inflammatory cytokines and chemokines [37]. 
Furthermore, there is evidence of vascular leakage that causes 
alveolar edema and collapse [37].

In addition, the existing literature has highlighted several 
mechanisms through which DDP4 inhibitors could reduce mor-
bidity and mortality among COVID-19 patients. For example, 
one of such mechanisms is by reducing the inflammatory re-
sponse at the cellular level by reducing the inflammatory mark-
ers such as NLRP3 (NOD-like receptor 3) inflammasome, C-re-
active protein, tumor necrosis factor-α, and interleukin-6 (IL-6), 
IL-1b, and IL-18 [38-42]. Moreover, the literature also alludes 
to the role of decrease in mRNA expression of CD26 mainly in 
the mononuclear cells. There is also evidence of suppressing the 
myelin basic protein-specific CD4b T-cell clones and blocking 
the path through which transforming growth factor (TGF)-β in-
duces the activation of fibroblasts. Above all, DDP4 inhibitors 
have been found to reduce the activity of DDP4 among older 
individuals, obese patients, and patients with type 2 DM. This 
mechanism in turn will result in the reduction of inflammation 
among these groups of patients. Lastly, the literature also high-
lights that a rise in soluble DPP4/CD26 levels tends to keep the 
COVID-19 virus away from entering the targeted cells [38-42]. 
Summarizing altogether, this premise indicates that there may 
be an impact of COVID-19 on tissues that are modulated by 
DPP4. Therefore, inhibition of DPP4 might block these mecha-
nisms and such an approach could be helpful to devise the ap-
propriate treatment of COVID-19 [43, 44].

Strengths and limitations

This review is the first of its kind that could be a gateway to 
understand the effect of DDP4 inhibitors on morbidity and 

mortality associated with COVID-19. We followed a sys-
tematic approach and conducted this review under standard 
guidelines that are universally used. Given the novice virus 
and its effect on the world, researchers are still exploring this 
phenomenon further. For example, negligible studies found the 
individual effect of different types of DDP4 inhibitors on the 
outcome. Therefore, there is a need to investigate the effect of 
different types of DDP4 inhibitors on morbidity and mortality 
on COVID-19. Secondly, none of the studies explored the side 
effects of DDP4 inhibitors and their safety among the patients. 
Therefore, it is recommended to carry out research in that di-
rection to weigh the risks and benefits of DDP4 inhibitors on 
COVID-19 morbidity and mortality. Since COVID-19 is an 
emerging area of interest with a novice relationship with DM 
and DDP4 inhibitors, there is a dearth of literature on differ-
ent types of DDP4 inhibitors and their effects on COVID-19 
outcomes. Therefore, we recommend studying and comparing 
different types of DDP4 and their effects on COVID outcomes.

Conclusion and Recommendation

This review provided novel insights into the effect of DDP4 
inhibitor users and its effect on COVID-19 patients. Generally, 
we found mixed evidence regarding the effect of DDP4 in-
hibitor users on COVID-19 and its severity also mortality from 
COVID-19. The evidence is not consistent currently as some 
of the studies provided evidence of DDP4 inhibitor users on 
COVID-19 mortality and morbidity, while other studies pro-
vided opposite evidence. This reveals that this field is emerg-
ing, and we need more evidence about the usage of DDP4 
inhibitors on COVID-19 morbidity and mortality. Moreover, 
the studies conducted so far are from developed countries than 
developing countries and we highly recommend replicating 
these studies in the context of developing countries before 
making any strong recommendations to widely use DDP4 in-
hibitors among diabetic patients with COVID-19. Further, the 
studies which reported the benefit of use of DDP4 inhibitors 
among diabetic patients did not control for all potential con-
founders such as older age, chronic kidney, and cardiovascular 
disease, and other comorbidities. This means that the effect of 
DDP4 inhibitors could be confounded due to common causes 
of DDP4 inhibitors and COVID-19 morbidity and mortality, 
therefore, we need to interpret the results of positive findings 
cautiously. Moreover, even though the benefits were found for 
diabetic patients, the results of the studies did not allude to 
whether these findings could be generalized to non-diabetic 
patients or not. Lastly, it is important to understand the under-
lying mechanisms through which DDP4 inhibitors improve the 
outcomes among COVID-19 patients even though few mecha-
nisms are cited in the literature.

Supplementary Material

Suppl 1. Characteristics of the Studies Included in the Sys-
tematic Review With the Main Findings and Summary of Key 
Findings (n = 11).
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