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Abstract
Background  The infection by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has rapidly spread all over 
the world, becoming pandemic. Several studies have shown that diabetes mellitus (DM) is an independent risk factor that 
increases mortality and other adverse outcomes of coronavirus disease-19 (COVID-19). Studies have suggested that SARS-
CoV-2 may bind dipeptidyl peptidase-4 (DPP4) for entering cells of the respiratory tract. Besides, DPP4 takes part in immune 
system regulation. Thus, DPP-4 inhibitors (DPP4i) may play a role against COVID-19.
Methods  We focused on the impact of DPP4i treatment on COVID-19-related outcomes in people with DM. For this purpose, 
we conducted a systematic review and meta-analysis to summarize the existing evidence on this topic.
Results  Retrospective observational studies provide inconsistent results on the association between use of DPP4i and out-
comes of COVID-19. While two studies reported significantly lower mortality rates among patients with DM who received 
DPP4i versus those who did not, a series of other studies showed no effect of DPP4i or even worse outcomes. A meta-analysis 
of 7 studies yielded a neutral estimate of the risk ratio of COVID-19-related mortality among users of DPP4i (0.81; 95% 
CI 0.57–1.15).
Conclusion  In the absence of randomized controlled trials, observational research available so far provides inconclusive 
results and insufficient evidence to recommend use of DPP4i against COVID-19.
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Introduction

In December 2019, an infectious disease caused by a newly 
discovered coronavirus, the severe acute respiratory syn-
drome coronavirus 2 (SARS‐CoV‐2), has emerged in Wuhan 
(China) and rapidly spread all over the world. Coronavirus 
disease 2019 (COVID-19) has become a global pandemic 
[1]. At the time this review was written, it has been diag-
nosed in over 92 million people worldwide, causing 2 mil-
lion deaths, thus, making COVID-19 the major contingent 
healthcare focus in most countries [2]. Both the earliest [3] 
and the most recent and comprehensive meta-analysis of 
observational studies have shown that pre-existing diabe-
tes mellitus (DM) almost doubled the risk for severe/criti-
cal COVID-19 and almost tripled in-hospital mortality [4]. 

Moreover, new-onset DM and poor glucose control and dur-
ing hospitalization has been associated with worse outcomes 
[5, 6].

Dipeptidyl peptidase-4 (DPP4), also named CD26, is a 
transmembrane glycoprotein almost ubiquitously expressed 
in the surface of many cells including epithelial and endothe-
lial cells of many tissues, and immune cells [7]. DPP4 plays 
an essential role in immune system regulation by promoting 
T cell activation and proliferation, modulating the function 
of other immune cells, and stimulating the production of pro-
inflammatory cytokines [7]. DPP4 exists also as soluble form 
in the circulation, where it maintains its enzymatic activity 
[8]. DPP4 physiologically degrades glucagon-like peptide-1 
(GLP-1) playing a role in glucose metabolism. DPP4 has 
many other substrates including cytokines, chemokines, and 
growth factors. It also acts as a binding protein and a ligand 
of extracellular factors [8]. Evidence suggested that human 
DPP4 is a functional receptor for the spike glycoprotein of 
the Middle East Respiratory Syndrome coronavirus (MERS-
CoV), which is phylogenetically correlated to SARS-CoV-2 
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[9]. Viral binding is important for cell adhesion, entry into 
host cells and developing virulence. Thus, DPP4 inhibition 
might block the entering of the virus in host cells. However, 
to date, no data firmly support that DPP4 is also a receptor 
for SARS-CoV-2 [10, 11]. DPP4i has been identified as a 
potential candidate by structural studies [12, 13] which so 
far await confirmation in human cells [10]. Furthermore, it 
has been hypothesized that DPP4 inhibition may antagonize 
SARS-CoV-2 virulence through a reduction of the cytokine 
storm [7] and lung inflammation [14].

DPP4 inhibitors (DPP4i) are widely used for the treat-
ment of type 2 diabetes [15]. For example in Italy, it has 
become one of the most popular second-line glucose-low-
ering medications (GLMs) [16, 17], thanks to their optimal 
safety and tolerability profile. Since quite limited treatment 
options are available against COVID-19 and there is basi-
cally no pharmaceutical strategy to prevent SARS‐CoV‐2 
infection, DPP4i have been hypothesized to represent a 
potential approach [18].

The aim of this review is to summarize the current state 
of the art on DPP4i treatment and COVID-19-related out-
comes in patients with DM, especially in-hospital mortality, 
intensive care unit (ICU) admission and need of mechanical 
ventilation. In addition, we evaluated whether DPP4i expo-
sure was associated with a lower risk of SARS-CoV-2 infec-
tion. As a disclaimer, we would like to note that evidence 
is accumulating at a fast pace during the various pandemic 
phases and the conclusions we reached by analysing existing 
literature might not be confirmed in the near future.

Methods

We screened the English literature for studies reporting 
SARS-CoV-2 infection and/or COVID-19-related outcomes 
in DPP4i users. We employed the following search string: 
(‘DPP-4’ or ‘DPP-IV’ or ‘DPP4’ or ‘dipeptidyl peptidase-4’ 
or ‘dipeptidyl peptidase-IV’) and (‘inhibitor’ or ‘inhibitors’) 
and (‘COVID’ or ‘SARS-CoV-2’). Full text of the retrieved 
articles was accessed. The search string was run in Pub-
Med, Scopus and Cochrane Library, and further refined by 
the screening cross-references of the retrieved articles. We 
included in the analysis all studies reporting separately data 
for patients with diabetes treated with DPP4i or other GLMs. 
Observational (cohort or nested case–control) studies pub-
lished up to December 2020 were included.

The following data were extracted from eligible stud-
ies: first author, year of publication, design, sample size, 
patient characteristics including mean age, haemoglobin A1c 
(HbA1c), prevalence of comorbidities and complications 
(e.g. hypertension, cardiovascular disease, chronic kidney 
disease and cancer), and outcomes.

The meta-analysis was performed including all observa-
tional studies reporting mortality in patients with DM and 
COVID-19. We compared crude mortality data between 
patients treated with DPP4i and any other GLMs. A sensi-
tivity analysis was performed including the most adjusted 
estimate available from the studies. Odd ratios were trans-
formed into risk ratios according to the equation proposed 
by Zhang et al. [18]. All estimates were thus reported as risk 
ratios and 95% confidence interval (CI). The random effect 
model was used to obtain pooled RR. Heterogeneity was 
assessed using the I2 test. Review Manager version 5.3 was 
used to perform the meta-analysis.

Summary of the evidence

Details and characteristic of observational studies evaluat-
ing the impact of DPP4i on COVID-19 outcomes are sum-
marized in Table 1. At baseline, the pooled mean age was 
71 years, HbA1c was 7.9%. Results on COVID-19-related 
outcomes are shown in Table 2.

In our cohort study including 403 patients hospitalized 
for COVID‐19 from February to April 2020 at the Univer-
sity Hospital of Padova, 85 had DM, 9 of whom were on 
treatment with DPP4i. No significant difference in the rate 
of ICU admission or death was observed between DPP4i 
users and non-users [19]. Our analysis revealed that expo-
sure to DPP4i in matched patients with DM was similar in 
patients with (10.6%) and without (8.8%) COVID-19, or 
in those attending the local outpatient clinic (15.4%) and 
in those hospitalized for other reasons (8.5%). The rate of 
DPP4 use was also similar in patients with DM hospitalized 
with COVID-19 pneumonia (11.3%) and with pneumonia 
of other aetiology (10.3%). Overall, these data do not sup-
port the hypothesis that DPP4i might be protective against 
COVID-19.

Sainsbury et al. performed a cohort study in a large UK-
based primary care dataset aiming to investigate whether 
treatment with SGLT2 inhibitors (SGLT2i) was associ-
ated with SARS-CoV-2 infection. 7676 SGLT2i users were 
matched with a propensity score analysis with 7,676 DPP4i 
users and followed-up from 30th January to 27th July 2020. 
The primary outcome was confirmed or clinically suspected 
infection. The incidence rate of infection was similar among 
SGLT2i users and DPP4i users (19.7/1000 vs 24.7/1000 per-
son-years). The adjusted HR was 0.92 (95% CI 0.66–1.29) 
[20].

The CORONADO study, a nationwide multicentre obser-
vational study conducted in France, included 1317 patients 
hospitalized for SARS-CoV-2 with a history of DM or newly 
diagnosed DM. The primary outcome was a composite of 
tracheal intubation for mechanical ventilation and/or death 
within 7 days of admission. 21.6% of the participants were 
on DPP4i. No association was reported between a severe 
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course of COVID-19 and a treatment with DPP4i prior to 
admission (OR 1.01; 95% CI 0.75–1.34) [21].

Consistent with these findings, in a retrospective obser-
vational study of 120 patients with DM conducted by Chen 
et al. DPP4i users showed similar clinical outcomes and 
laboratory findings compared to nonuser. In-hospital death 
was non-significantly higher in DPP4i users (25%) than in 
nonusers (14%; p = 0.31) [6].

Similarly, in Pérez-Belmonte et al. on the univariate mod-
els, DPP4i treatment was associated with higher in-hospital 
deaths (OR 1.56, 95% CI 1.13–2.14, p = 0.006), though this 
association was not confirmed when models were adjusted 
using multivariate logistic regression analysis (OR 1.39, 
95% CI 0.64–1.67, p = 0.876) [22]. After propensity score 
matching, the use of DPP4i was not associated with other 
adverse outcomes, such as need of ICU admission, mechani-
cal ventilation, in-hospital complications, or long-time hos-
pital stays [22]. A few other observational studies reported 
no association between DPP4i treatment and COVID-19-re-
lated mortality [23, 24] or COVID‐19 severity [25].

On the other side, there are notable observational studies 
suggesting beneficial effects of DPP4i on COVID-19-related 
outcomes.

In a case series involving 387 patients with diagnosis of 
COVID-19 admitted to a research hospital in Lombardy 
(Northern Italy) between February 20 and 9 April 2020, 90 
patients had DM, 12.2% of whom were treated with DPP4i, 
a prevalence similar to that observed in another Italian study. 
The study was performed to evaluate factors that predicted 
adverse outcomes related to COVID-19 in patients with dia-
betes. In-hospital mortality rate in patients with DM was 
twice as higher that of patients without DM. However, con-
trary to what observed in many other studies, such associa-
tion was lost after adjustment for confounders. Use of DPP4i 
was associated with a lower mortality rate independently 
from confounders (adjusted HR 0.13; 95% CI 0.02–0.92). 
Moreover, DPP4i users needed non-invasive mechanical 
ventilation less frequently suggesting a less severe pneumo-
nia [26]. It should be noted that this result was based on 11 
patients only, who were treated with DPP4i.

In a multicentre, case–control, retrospective, observa-
tional study, conducted in Northern Italy hospitals, 169 
subjects treated with sitagliptin plus insulin were matched 
for age and sex with 169 subjects treated with standard care 
(insulin) at the time of hospitalization [27]. Primary out-
comes were hospital discharge and death. Admission to the 
ICU, the need for mechanical ventilation, and extracorporeal 
membrane oxygenation were among secondary outcomes. 
The use of sitagliptin was associated with a reduced mortal-
ity (18% vs 37%, p < 0.001). The association between sitag-
liptin treatment and reduction in mortality was confirmed 
after adjustment for clinically relevant factors (age, sex, 
comorbidities, ongoing treatment), yielding an adjusted OR Ta
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of 0.23 (95% CI 0.12–0.46). A greater number of patients 
treated with sitagliptin were discharged from the hospital at 
day 30 as compared with the number of discharged patients 
in the standard-of-care group (71% vs 59%, p < 0.001). The 
use of sitagliptin was associated with a lower risk for the 
need of mechanical ventilation and ICU as compared to the 
standard of care. Patients treated with sitagliptin showed 
a significant reduction in inflammatory parameters such as 
procalcitonin and C-reactive protein at follow-up. Lympho-
cyte counts of sitagliptin-treated patients were increased 
compared with baseline and compared with patients treated 
with standard of care. In the group treated with sitagliptin, 
mean blood glucose level measured during the hospitaliza-
tion was lower than in standard-of-care group. As shown 
in other studies, authors found that better glucose control 
during hospitalization was associated with better outcomes. 
However, outcome analysis was not adjusted for glucose 
control associated with sitagliptin use. Therefore, the influ-
ence of better glycaemic control in the sitagliptin group can-
not be excluded.

Similarly, among 67 patients with DM hospitalized for 
COVID-19 pneumonia in a single centre in Iraq, DPP4i use 
was associated with decreased length of ICU stay, also after 
the adjustment for confounder variables (OR − 0.3, 95% CI 
0.2–3, p = 0.04). However, no data on in-hospital death were 
reported [28].

In line with these results, a retrospective study using 
Korean insurance claims data and including 832 subjects 
with DM and 263 on DPP4i, showed that DPP4i treatment 
was significantly associated with better clinical outcomes 
compared to patients with COVID-19 not treated with 
DPP4i after adjusting for age, gender, comorbidity, and 
medications (adjusted OR 0.362, 95% CI 0.135–0.971). 
While we write, this article is still in pre-print meaning 
that reported data and their interpretation have not yet 
passed to peer-review [29].

Opposite findings were observed in a retrospective anal-
ysis of 717 patients hospitalized for COVID-19 in a sin-
gle health care centre in Singapore [30]. Among them, 76 
(10.6%) had DM. Patients receiving a DPP4i (n = 27) experi-
enced higher rates of ICU admission compared to 49 patients 
treated with other glucose-lowering medications, also after 
the adjustment for confounder variables (adjusted RR 5.14, 
95% CI 1.49–17.70). In the diabetes cohort, patients on 
DPP4i were more likely to require mechanical ventilation, 
but no data were available for mortality rates.

Seven studies reported crude data on mortality. Death 
occurred in 111 of 612 (18%) patients treated with DPP4i 
and in 335 of 1703 (19.7%) patients treated with other 
glucose-lowering medication (RR 0.81, 95% CI 0.57–1.15) 
(Fig. 1). The I2 statistics suggested possible heterogeneity. 
Adjusted RR was available for three of seven studies. When 

Table 2   Clinical outcomes of COVID-19-related to DPP4i treatment

ICU intensive care unit, Adj adjusted, OR odds ratio, HR hazard ratio, RR relative risk

Author Death ICU admission Mechanical 
Ventilation

ICU admission 
and/or death

ICU admission, 
mechanical ven-
tilation, death

Mechanical 
Ventilation and/
or death

Disease severity

Solerte adj OR 0.23 
(0.12–0.46)

HR 0.51 
(0.27–0.95)

HR 0.27 
(0.11–0.62)

Mirani adj HR 0.13 
(0.02–0.92)

OR 0.54 
(0.11–2.70)

Rhee adj OR 0.362 
(0.14–0.97)

Yan adj OR 0.32 
(0.02–2.18)

Kim adj OR 1.47 
(0.45–4.78)

Chen adj OR 1.48 
(0.40, 5.53)

Silverii RR 1.0 
(0.51–2.14)

Fadini RR 0.80 
(0.12–5.54)

OR 1.74 
(0.62–4.90)

Cariou OR 0.85 
(0.55–1.32)

OR 1.01 (0.75, 
1.34)

Pérez-Belmonte adj OR 1.05 
(0.67–2.11)

OR 1.12 
(0.65–1.95)

Dalan adj RR 4.07, 
(1.42–11.66)

adj RR 60.2 
(3.17–1140.1)
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the analysis was updated using the most adjusted RR result 
remained similar (RR 0.74, 95% CI 0.47–1.16) (Fig. 2).

Interpretation

The evidence accrued so far on the association between 
DPP4i and outcomes of patients with DM and COVID-19 
showed a certain degree of heterogeneity across the studies. 
Overall, DPP4i appear neutral in the setting of COVID-19 
infection, but available studies are still insufficient to made 
definitive conclusions. It is noteworthy that all findings were 
derived from retrospective observational studies and that 
most studies were not designed to directly investigate the 
role of DPP-4i. For this reason and due to the intrinsic limi-
tations of observational studies, even the positive results of a 
few studies should be considered hypothesis generating [31].

The differences in the methodology used, in the baseline 
characteristics, and the sample size could explain the dif-
ferences observed for the association between DPP4i and 
COVID-19 outcomes.

Several potential biases should be considered to interpret 
the inconsistently reported positive outcomes among people 
with DM who received DPP4i during SARS-CoV-2 infec-
tion or hospitalization for COVID-19. These are summarised 
in Fig. 3. In general, comparative effectiveness research on 
GLMs is biased by the so-called confounding by indication 
[32], whereby the reasons why patients received DPP4i or 
not may have driven differential outcomes more than the 
drugs themselves. For example, it should be noted that, in 
Italy, where two positive studies were performed, DPP4i 
can be prescribed only by diabetes specialists. Therefore, 
it is possible that pre-hospital or in-hospital use of DPP4i 
was linked to the patient being seen by a diabetes special-
ist, which can be per se associated with better outcomes. 
Indeed, epidemiological studies clearly suggest that out-
patients attending specialist diabetes clinics have much 
better global outcomes than those not attending diabetes 
clinics [33]. Methods have been designed to reduce the 
impact of so-called channelling bias, including propensity 
score matching. Yet, quality of the studies available so far 

Fig. 1   Risk for mortality for DPP4i users and other glucose-lowering medication users (crude data). Risk ratio with 95% confidence intervals

Fig. 2   Risk for mortality for DPP4i users and other glucose-lowering medication users (adjusted risk ratio). Risk ratio with 95% confidence 
intervals
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was suboptimal in several cases, with no or incomplete 
adjustment.

It has been recognized that inflammation plays a key 
role in the development and severity of COVID-19. Severe 
COVID-19 is associated with a hyperinflammatory state and 
cytokine storm, which can lead to multi-organ damage [34, 
35]. DPP4i has been proposed to reduce the overproduc-
tion of proinflammatory cytokines and mediators, such as 
IL-1, IL-6 and tumour necrosis factor-α (TNF-α), C-reac-
tive protein (CRP), possibly mitigating the clinical course 
of COVID-19. In several human studies, a treatment with 
sitagliptin significantly decreased plasma concentrations of 
IL‐6 [36] and CRP [37]. In another study, a treatment with 
vildagliptin was associated with a significant reduction in 
IL-6 levels [38]. Saxagliptin attenuated the activation of the 
inflammasome and reduce the serum levels of CRP, TNF-α, 
IL‐1β, IL‐18, and IL‐6 [39]. However, other studies failed 
to demonstrate any effect of DPP4i on levels of inflamma-
tory biomarkers [40–42]. It should also be noted that treat-
ment with DPP4i in patients with DM exerted no protective 
effects against cardiovascular disease, which is based on a 
chronic low-grade inflammation. Furthermore, the effects 
of DPP4 inhibition on the concentrations of active intact 
cytokines and chemokines can be paradoxical. By protecting 
inflammatory factors from enzymatic degradation by DPP-4, 
DPP4i could even potentiate some inflammatory network 
[43]. This is the mechanism postulated to form the basis for 

the development of arthritis during treatment with DPP4i 
[44, 45], although this issue is still controversial [46]. Con-
flicting results were also detected in the observational stud-
ies included in this review. In Solerte et al., patients treated 
with sitagliptin showed a significant reduction in inflamma-
tory parameters such as procalcitonin and CRP at follow-up 
[27]. On the contrary, in the study conducted by Chen and 
colleagues, DPP4i users showed similar levels of CRP, IL-6 
and procalcitonin compared to nonuser [6]. In other studies, 
no data were available for laboratory analysis.

Acute respiratory distress syndrome (ARDS) is frequently 
encountered complication of COVID-19, which is the main 
cause of SARS‐CoV‐2‐induced death. Interestingly, in an 
experimental model of ARDS, DPP4 inhibition by sitaglip-
tin alleviated histological findings of lung injury by inhib-
iting pro-inflammatory cytokines IL-1β, TNFα, and IL-6 
[14]. However, there is no evidence of similar findings in 
the human lung.

Most of the studies and the meta-analyses suggest that 
DPP4i treatment is at least safe. Due to their favourable 
safety profile, DPP4i remain a valid therapeutic option for 
the management of patients with DM and COVID‐19.

Conclusion

In the absence of results coming from well-design, rand-
omized control trials, data on the effectiveness or safety 
of DPP4i in the treatment of COVID-19 should be inter-
preted with caution and no definite conclusion can be made. 
Randomized phase III and phase IV trials are ongoing or 
have been approved to evaluate the effect of DPP4i lina-
gliptin (NCT04341935 and NCT04371978) and sitagliptin 
(NCT04365517) in reducing the severity and all-cause mor-
tality of COVID-19. The results of these studies might help 
reveal implications of the use of DPP4i in such patients or 
DPP4i might finally add to the list of failed drugs against 
COVID-19.
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tion increases the likelihood of receiving a DPP4i. In both cases, the 
observed outcome can be confounded by different clinical character-
istics or by indirect effect of diabetes specialist care. Thus, the direct 
link between use of DPP4i and lower mortality is highlighted with a 
question mark
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