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Introduction: This systematic review and meta-analysis aimed to synthesize the latest evidence on the
effect of dipeptidyl peptidase-4 (DPP-IV) inhibitor in patients with COVID-19.

Methods: We performed a systematic literature search from the PubMed, Scopus, Embase, and Clinical-
trials.gov up until 15 July 2021. Studies that met the following criteria were included: prospective or
retrospective observational studies or case series or randomized controlled trials (RCTs) reporting DPP-
IV inhibitor use in patients with COVID-19 and mortality. The intervention group was patients receiving

Ié?r/ Elr?xisr:us DPP-1V inhibitor. The control group was patients that did not receive DPP-IV inhibitor. The outcome was
COVID-19 mortality reported as odds ratio (OR).

Diabetes Results: There were 11 studies consisting of 5950 patients in this meta-analysis. DPP-IV inhibitor use
Dipeptidyl peptidase-4 was associated with reduced mortality (OR 0.75 [0.56, 0.99], p = 0.043, I>: 42.9, p = 0.064) compared to
SARS-CoV-2 those that did not receive DPP-IV inhibitor. Sensitivity analysis using the fixed-effect model (OR 0.75

[0.63,0.88], p <0.001, I2: 42.9, p = 0.064) also showed mortality benefit. The association between DPP-IV
inhibitor and mortality was not significantly affected by age (p = 0.540), sex (p = 0.054), hypertension (p
= 0.320), location (continent; p = 0.532), and retrospective/prospective nature of the study (p = 0.840).
However, the association was affected by metformin (OR 1.03 [95% CI 1.01, 1.06], p = 0.010) and ACEI/ARB
use (OR 1.06 [95% CI 1.02, 1.10], p = 0.004).
Conclusion: This meta-analysis showed that DPP-IV inhibitor was associated with reduced mortality in
patients with COVID-19.

© 2021 Published by Elsevier Ltd on behalf of Primary Care Diabetes Europe.

1. Introduction

COVID-19 caused mortality either directly through biological
mechanism or indirectly by disrupting health care system. [1-6]
Type 2 diabetes mellitus (T2DM) is a common comorbidity in
patients with COVID-19 and also is well known as a risk factor for
developing a more severe condition in COVID-19 [5,7-9]. Whether
the glucose lowering agents that are commonly used among T2DM
patients affect the outcome of the COVID-19 patients is important.
The most important goal is to establish the evidence on whether
these medications are harmful, neutral, or beneficial in patients
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with COVID-19. It is then found that antidiabetic medications may
actually improve the outcome, especially by improving cardiovas-
cular and renal function which is commonly impaired during the
course of infection [10-12].

Previously, metformin was found to be beneficial in patients
with COVID-19 [13]. One particular antidiabetic medication that
has recently raised considerable interest is the relatively new
dipeptidyl peptidase-4 (DPP-1V) inhibitor, which is well known for
its excellent safety profile [14] and widely used as a treatment of
T2DM. The use of DPP-1V inhibitor raises some concern due to its
role in the regulation of T-cell activity, however, studies shown that
DPP-1V inhibitor might be beneficial in patients with COVID-19.
Nevertheless, although several studies showed potential benefit,
the other studies showed null effect on the mortality in patients
with COVID-19. This systematic review and meta-analysis aimed
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Fig. 1. PRISMA flowchart.

to synthesize the latest evidence on the effect of DPP-IV inhibitor
in patients with COVID-19.

2. Methods

This meta-analysis followed the Preferred Reporting Items for
Systematic Reviews and Meta-analysis (PRISMA) guideline.

2.1. Search strategy and study selection

We performed a systematic literature search from the PubMed,
Scopus, Embase, and Clinicaltrials.gov for “(SARS-CoV-2 OR 2019-
nCoV OR COVID-19) AND (dipeptidyl peptidase-4 OR DPP-4 OR
DPP-1V)” from the beginning of time until 15 July 2021. Two inde-
pendent authors performed title/abstract screening and eligibility
assessment of the articles. Discrepancies were resolved by discus-
sion.

2.2. Inclusion and exclusion criteria

Studies that met the following criteria were included: prospec-
tive or retrospective observational studies or case series or
randomized controlled trials (RCTs) reporting DPP-1V inhibitor use
in patients with COVID-19 and mortality.

Studies that met one of the following criteria were excluded:
(1) review articles, (2) editorial/commentaries, (3) abstracts, (4)
letters, and (5) case reports. Language restriction was not imposed.

2.3. Intervention and outcome

The intervention group was patients receiving DPP-IV inhibitor.
The control group was patients that did not receive DPP-IV
inhibitor. The outcome was mortality. The effect estimate was
reported as odds ratio (OR).

2.4. Data extraction

Two independent authors performed data extraction of the eli-
gible studies using standardized extraction form for the first author,
study design, location of the study, inclusion criteria, sample size,
age, sex, comorbidities, medication use, and the mortality in the
intervention and control groups. Discrepancies during data extrac-
tion were resolved by discussion.

2.5. Risk of bias assessment

Two independent authors performed risk of bias assessment
using the Newcastle-Ottawa Scale (NOS) [15]. Discrepancies during
risk of bias assessment were resolved by discussion.

2.6. Statistical analysis

Random-effects meta-analysis using the Der-Simonian Laird
statistical method was performed to pool the effect of DPP-IV
inhibitor on mortality. Random-effects model was used regardless
of heterogeneity and fixed-effects model was performed in sensi-
tivity analysis. P-values of <0.05 indicate statistical significance.
12 statistics were used to inter-study heterogeneity, in which a
value above 50% or p-value < 0.10 indicates substantial hetero-
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Table 1
Characteristics of the included studies.
Author Design Location Sample Age (years) Male (%) Hypertension (%) Statin (%) Metformin (%) ACEI/ARB (%) NOS
Chen 2020 RO China 904 66 vs. 65 46.6 30.20 NA NA NA 8
Fadini 2020 RO Italy 9vs. 76 72.2vs.70.1 77.8 vs.63.2 88.9vs.67.1 22.2vs.39.5 NA 22.2 vs. 6
25.0/44.4 vs.
15.8
Kristan 2021 RO us 76 vs. 832 62 51 78.4 NA NA NA 8
Meijer 2021 PO Netherlands 28 vs. 537 69 vs. 67 61 vs. 64 67 vs. 70 NA 68 vs. 77 NA 8
Mirani 2020 Case Series Italy 11 vs. 385 66 66.7 NA NA NA 44.4 7
Noh 2021 PO South Korea 453vs 133 NA NA NA NA NA NA 6
Perez-Belmonte 2020 RO Spain 791 vs. 74.9 61.9 76.2 NA 60.8 27.4/29.9 8
Roussel 2021 PO(PSM) France 596 vs. 1852 703 vs.71.1 67.4vs.62.9 80.1 vs. 80.2 52.0vs.47.6 75.2vs.56.6 62.1 vs. 56.8 9
Silverii 2020 RO Italy 13 vs. 146 73.31 54.1 NA NA 47.8 NA 6
Solerte 2020 RO Italy 169vs 169 69 vs. 69 73 vs 68 74 vs. 67 NA 44 vs. 39 38 vs.50 8
Zhou 2020 RO (PSM China 111vs.333 63 vs.64 51.35vs.47.75 NA NA NA NA 8
1:3)
DPP-1V Inhibitor and Mortality
Odds Ratio Weight

Study with 95% CI (%)

Chen 2020 ——®—— 2.05[0.64, 6.55] 4.85

Fadini 2020 EE— 0.78[0.08, 7.23] 1.52

Kristan 2021 1.22[0.68, 2.19] 12.46

Meijer 2021 —:[ 0.82[0.35, 1.91] 7.88

Mirani 2020 _—— 0.11[0.01, 1.068] 1.47

Noh 2021 — 0.58[0.34, 1.00] 13.41

Perez-Belmonte 2020 0.89[0.51, 1.55] 13.21

Roussel 2021 T 0.79[0.63, 1.00] 22.62

Silverii 2020 — 1.06[0.33, 3.41] 4.80

Solerte 2020 —i 0.38[0.23, 0.62] 14.65

Zhou 2020 —_—— 0.54[0.12, 2.44] 3.10

Overall L 0.75[0.56, 0.99]

Heterogeneity: 1° = 0.08, I* = 42.85%, H> = 1.75

Test of 6, = 6: Q(10) = 17.50, p = 0.06

Testof 8 =0:z=-2.02, p=0.04

1164
Random-effects DerSimonian-Laird model

e 14 1 4

Fig. 2. DPP-IV inhibitor and mortality.

geneity. Random-effects restricted maximum likelihood (REML)
meta-regression analysis was performed to evaluate the effect of
study design, location, comorbidities, and medication on the asso-
ciation between DPP-1V inhibitor and mortality. Statistical analysis
was performed using STATA version 16.0.

3. Results
3.1. Baseline characteristics

There were 11 studies consisting of 5950 patients in this meta-
analysis [16-27] The selection process is described in PRISMA
flowchart as illustrated in Fig. 1. Characteristics of the included
studies can be seen in Table 1. There were 7 retrospective obser-
vational studies, 3 prospective observational studies, and 1 case
series. 7 studies were conducted in Europe, 3 in Asia, and 1 in North
America.

3.2. DPP-1V inhibitor and mortality

DPP-1V inhibitor use was associated with reduced mortality (OR
0.75 [0.56, 0.99], p = 0.043, I2: 42.9, p = 0.064) (Fig. 2) compared
to those that did not receive DPP-IV inhibitor. Sensitivity analysis
using the fixed-effect model (OR 0.75 [0.63,0.88], p < 0.001,12: 42.9,
p = 0.064) also showed mortality benefit.

3.3. Meta-regression

The association between DPP-IV inhibitor and mortality was
not significantly affected by age (p = 0.540), sex (p = 0.054),
hypertension (p = 0.320), location (continent; p = 0.532), and retro-
spective/prospective nature of the study (p = 0.840). However, the
association was affected by metformin (OR 1.03 [95% CI 1.01, 1.06],
p =0.010) and ACEI/ARB use (OR 1.06 [95% CI 1.02, 1.10], p = 0.004)
(Fig. 3).

3.4. Publication bias

The risk of bias assessment using NOS can be seen in Table 1.
Funnel-plot was symmetrical [Fig. 4] and there was no indication
of small-study effects (p = 0.823).

4. Discussion

This meta-analysis showed that the risk of mortality was lower
in COVID-19 patients receiving DPP-IV inhibitor. Meta-regression
analysis indicate that the results do not vary with age, sex, hyper-
tension, the location of the study, and retrospective/prospective
nature of the studies. However, the benefit of DPP-IV inhibitor is
less pronounced in patients that receive metformin and ACEI/ARB.

Although decreased mortality and respiratory complications
were also found among similar studies, Patoulias et al. and Yang
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Fig. 4. Funnel-plot analysis.

etal. showed no significant results possibly due to small sample size
[28-33]. Study that were conducted by Patoulias et al. also showed
a difference between inpatient and outpatient settings in which
inpatient setting is associated with significant effect of reduced
mortality (RR, 0.50; 95% CI, 0.34 to 0.71; 12 = 0%; P = 0.0001) while
the latter showed no significant effect (RR, 1.14; 95% CI, 0.78-1.66;
12 = 81%; P = 0.50) [28]. A baseline use of DPP-IV inhibitors is also
associated with a decreased hazard of endpoints in COVID-19 infec-
tion, as demonstrated by Luk et al. [ 32]. However, all of these studies
share a common limitation which is arelatively limited sample size
and lack of data from randomized controlled trial.

The use of other glucose lowering medication is also observed in
other studies. Metformin and sulfonylurea are one of the most com-
monly used to treat patients with T2DM. However, the use of these
agents were associated with an increased hazard of composite end-
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points [32]. In contrast, glucagon-like peptide-1 receptor (GLP-1R)
agonists are another glucose lowering agent which also have anti-
inflammatory effect and were associated with significant reduction
of hospital admission, respiratory complications and incidence of
mortality [33].

Metformin is often regarded as first-line antidiabetic medica-
tion and ACEI/ARB is often prescribed in patients with concurrent
hypertension, cardiovascular diseases, and renal damage. Both
metformin and ACEI/ARB have been shown to be associated with
better prognosis in patients with COVID-19 [13,34,35], thus, the
proportion of benefit from DPP-IV inhibitor may be lower when
combined with other medications that may improve prognosis.
Comorbidities are important to be analyzed in meta-regression
because they are associated with poor outcome in patients with
COVID-19 [36-50]. One of the study was excluded because the out-
come was composite of mortality and intensive care unit admission,
there was no separate data on mortality, the study showed that
DPP-1V inhibitor was associated with better clinical outcome [51].

DPP-1V inhibitor is originally known as T-cell antigen CD26, is
a cell receptor which is abundantly expressed in various cells such
as lymphocyte, adipocyte, endothelial, lung epithelium, and also
on the surface of various immune cells and regulates their function
[52,53]. DPP-IV, which is closely linked to the cardiovascular biol-
ogy, also plays an important role in regulating the inflammatory
and immune response as it has the capability to modulate various
cytokine, chemokine, peptide hormones [54,55]. Therefore, the use
of DPP-1V inhibitor raises some concern over increasing susceptibil-
ity to infections, given the role of DPP-1V inhibitor in the regulation
of T-cell activity [52]. While the World Health Organization’s drug
adverse reaction database suggests an increased reporting of res-
piratory tract infection, to date there has been no evidence in large
clinical trials that indicates the increased risk of infection during
the use of DPP-IV inhibitor [14,56]. Moreover, due to its ability to
regulate the inflammatory response through various ways, it is sug-
gested that DPP-IV inhibitor might exert benefit for patients who
are prone to cytokine storm during COVID-19 [57].

Recent studies showed high affinity between COVID-19 spike
(S) protein and DPP-IV enzyme that might facilitate the viral entry
into the cell, therefore contributing to the development of cytokine
storm in patients with COVID-19 [58]. However, the hypothesis of
DPP-1V serves as a viral entry for COVID-19 is far from the final con-
clusion as from a study conducted by Letko et al. suggesting beta
coronavirus might enter the cells through other unknown receptor
in addition to the well-known angiotensin converting enzyme-2
(ACE2) receptor [59]. The finding of lower soluble DPP-IV receptor
in COVID-19 in compare to healthy subject might also indicates
the role of DPP-IV in facilitating viral entry although the exact
interactions between DPP-IV and coronavirus and how it influ-
ence the viral entry has not been established [59-61]. However,
since poor glucose control, cytokine storm, and multiorgan dys-
function have been established as a risk factor for worse outcome
[40,62-74], one might consider the benefit of excellent glucose
control, cardiorenal effect and inflammatory modulation of DPP-
IV inhibitor as an potential drug in treating T2DM patient with
COVID-19 [5,75].

This study includes several observational studies with vari-
ous populations and regions. There were 7 studies conducted in
Europe, 3 in Asia, and 1 in North America. The limitation of this
meta-analysis is that most of the studies were retrospective obser-
vational, RCTs are required to establish a more certain evidence.
Many studies did not adequately report medications used by the
patients, as shown in meta-regression analysis, medications may
significantly affect the benefit of DPP-IV inhibitor in patients with
COVID-19. There are other medications that were not adequately
reported by most of the studies that may affect prognosis in patients
with diabetes and COVID-19 [76,77].
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5. Conclusion

This meta-analysis showed that DPP-IV inhibitor was associated
with reduced mortality in patients with COVID-19 and results do
not vary with age, sex, hypertension, the location of the study, and
retrospective/prospective nature of the studies. However, further
study with RCT added to the analysis is needed to establish a more
certain evidence.
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