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Abstract

BACKGROUND

Dipeptidyl peptidase-4 (DPP4) is commonly targeted to achieve glycemic control
and has potent anti-inflammatory and immunoregulatory effects. Recent
structural analyses indicated a potential tight interaction between DPP4 and
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), raising a
promising hypothesis that DPP4 inhibitor (DPP4i) drugs might be an optimal
strategy for treating coronavirus disease 2019 (COVID-19) among patients with
diabetes. However, there has been no direct clinical evidence illuminating the
associations between DPP4i use and COVID-19 outcomes.
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AIM
To illuminate the associations between DPP4i usage and the adverse outcomes of
COVID-19.

METHODS

We conducted a multicenter, retrospective analysis including 2563 patients with
type 2 diabetes who were hospitalized due to COVID-19 at 16 hospitals in Hubei
Province, China. After excluding ineligible individuals, 142 patients who received
DPP4i drugs and 1115 patients who received non-DPP4i oral anti-diabetic drugs
were included in the subsequent analysis. We performed a strict propensity score
matching (PSM) analysis where age, sex, comorbidities, number of oral
hypoglycemic agents, heart rate, blood pressure, pulse oxygen saturation (SpO,) <
95%, CT diagnosed bilateral lung lesions, laboratory indicators, and proportion of
insulin usage were matched. Finally, 111 participants treated with DPP4i drugs
were successfully matched to 333 non-DPP4i users. Then, a linear logistic model
and mixed-effect Cox model were applied to analyze the associations between in-
hospital DPP4i use and adverse outcomes of COVID-19.

RESULTS

After rigorous matching and further adjustments for imbalanced variables in the
linear logistic model and Cox adjusted model, we found that there was no
significant association between in-hospital DPP4i use (DPP4i group) and 28-d all-
cause mortality (adjusted hazard ratio = 0.44, 95%CI: 0.09-2.11, P = 0.31). Likewise,
the incidences and risks of secondary outcomes, including septic shock, acute
respiratory distress syndrome, or acute organ (kidney, liver, and cardiac) injuries,
were also comparable between the DPP4i and non-DPP4i groups. The
performance of DPP4i agents in achieving glucose control (e.g., the median level
of fasting blood glucose and random blood glucose) and inflammatory regulation
was approximately equivalent in the DPP4i and non-DPP4i groups. Furthermore,
we did not observe substantial side effects such as uncontrolled glycemia or
acidosis due to DPP4i application relative to the use of non-DPP4i agents in the
study cohort.

CONCLUSION

Our findings demonstrated that DPP4i use is not significantly associated with
poor outcomes of COVID-19 or other adverse effects of anti-diabetic treatment.
The data support the continuation of DPP4i agents for diabetes management in
the setting of COVID-19.

Key Words: COVID-19; SARS-CoV-2; DPP4 inhibitors; Diabetes; Glucose control;
Adverse effects

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Our study illuminated that there were no significant associations between in-
hospital use of dipeptidyl peptidase-4 (DPP4) inhibitor (DPP4i) and 28-d all-cause
mortality or multiorgan injury. In addition, the glucose control effects, inflammatory
response, and associated adverse events were also comparable between patients in the
DPP4i and non-DPP4i groups. These data provided direct clinical evidence to support
the continuation of DPP4i therapy in diabetic patients with coronavirus disease 2019
(COVID-19). Moreover, this work paves the way for prospective studies and
randomized controlled clinical trials on DPP4 inhibitor therapy for COVID-19.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic triggered by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection has caused hundreds of
thousands of deaths. Unfortunately, the catastrophe is currently still spreading rapidly
worldwide with no effective drugs in sight. Diabetes is one of the most important
comorbidities linked to the remarkably elevated severity and mortality of COVID-
191, Our most recent study demonstrated that glucose control is the key strategy to
avoid the poor outcomes of COVID-19 among patients with diabetes”. However, the
optimal method for managing glycemia is still a major concern for diabetic patients
infected by SARS-CoV-2.

Dipeptidyl peptidase 4 (DPP4) is commonly targeted to lower glucose levels and
has key roles in inflammatory and immune regulation®. Because of the general
efficacy of DPP4 inhibitor (DPP4i; gliptins) drugs in controlling glycemia and their
well-tolerated risk of hypoglycemia, as shown in more than 10 years of clinical
experience, these prescriptions have sharply increased in the United States from 0.4%
of hypoglycemia treatment in 2005 to approximately 21% in 2016". Aside from: its role
in glucose regulation, DPP4i drugs exhibit favorable anti-inflammatory and
immunoregulatory effects by suppressing immune cell activation, cytokine induction,
and peptide hormone imbalance in patients with diabetes!. In the setting of COVID-
19, while the commonly applied antidiabetic drugs, e.g., metformin and sodium-
glucose-cotransporter 2 inhibitors, may have side effects such as acidosis, DPP4
inhibitors are empirically recommended as well-tolerated glucose-lowering agents to
be continued for treating patients with diabetes. Furthermore, as the well-established
Middle East respiratory syndrome coronavirus (MERS-CoV) cellular receptor!”l, DPP4
was predicted to have a tight interaction with SARS-CoV-2 spike glycoprotein in a
recent molecular modeling study". Indeed, DPP4 antibodies could directly inhibit
coronavirus infection in primary human bronchial epithelial cells!’. These observations
sparked intense debate about whether DPP4 inhibitors might be promising therapeutic
agents against COVID-19 among patients with diabetes™'".. However, there has been
no direct clinical evidence supporting the associations between DPP4i usage and
COVID-19 prognosis so far.

Here, to investigate the potential impacts of DPP4i drugs on COVID-19 among
patients with diabetes, we performed a multicenter retrospective cohort analysis of
2563 inpatients with type 2 diabetes who were infected with SARS-CoV-2. The
associations of in-hospital DPP4i use with COVID-19-related mortality, multiorgan
injury, glucose control, and inflammatory response were compared with the
corresponding associations with other oral glucose-lowering drugs following rigorous
matching and adjustments for confounders.

MATERIALS AND METHODS

Study population and data collection

This multicenter retrospective cohort study included 2563 COVID-19 patients with
type 2 diabetes admitted to 16 hospitals in Hubei, China between December 30, 2019
and April 23, 2020. The study design was approved by the central ethics boards and
was accepted or approved by each collaborating hospital. The requirement for
informed consent was waived by the ethics boards of the hospitals.

Patients with COVID-19 were diagnosed based on chest computed tomography
(CT) manifestations or reverse transcription-polymerase chain reaction (RT-PCR)
according to the New Coronavirus Pneumonia Prevention and Control Program (5th
edition) published by the National Health Commission of China and WHO interim
guidancel'?. The status of coexisting type 2 diabetes was determined based on the
admitting diagnosis and disease history. The exclusion criteria included incomplete
medical records (e.g., transfer to any other hospital), age < 18 or = 85 years, pregnancy,
acute lethal organ injury (e.g., acute myocardial infarction, severe acute pancreatitis, or
acute stroke), death from surgery and a surgical complication, decompensated or end-
stage chronic organ dysfunction (e.g., decompensated liver cirrhosis, estimated
glomerular filtration rate (eGFR) < 30 mL/min per 1.73 m? or chronic renal
insufficiency above stage III), and prehospital confusion or mental disorders. Patients
not taking oral hypoglycemic drugs during the observation period were also excluded.

The medical data of the included patients were collected, including demographic
information, physical examination results, laboratory findings, radiographic data from
CT, history of comorbidities, medication records, and clinical outcomes during
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hospitalization. We extracted information on the use of glucose-lowering drugs from
the patients” medication records. The laboratory findings included fasting blood
glucose (FBG) and glucose (GLU) reflecting glycemic control, leukocyte count,
neutrophil count, neutrophil percentage, red blood cell count, C-reactive protein
(CRP), procalcitonin, D-dimer, and serum biochemical markers representing liver
injury, kidney injury, and cardiac dysfunction. All the information was collected by
anonymizing the personal identifying information (e.g., name and ID) by giving each
participant a new study ID through a coding system. A team of professional
physicians carefully interpreted and double-checked all data to guarantee the accuracy
of the data.

Definition

The onset of COVID-19 was defined as the day when the first symptom was noticed.
Patients with type 2 diabetes who received DPP4i during hospitalization were
classified as a DPP4i group (142 participants). Patients with type 2 diabetes who never
received DPP4i but orally took other anti-diabetic drugs during hospitalization were
classified as a non-DPP4i group (1115 participants).

The primary endpoint was 28-d all-cause death. The secondary endpoints were
defined as acute respiratory distress syndrome (ARDS), septic shock, acute cardiac
injury, acute kidney injury, and acute liver injury. ARDS and septic shock were
defined according to the WHO interim guideline “clinical management of severe acute
respiratory infection when novel coronavirus (2019-nCoV) infection is suspected”!"”].
Acute cardiac injury was defined when the serum level of cardiac troponin I (cTNI),
cardiac troponin T (cTNT), or high sensitivity cardiac troponin I (hs-cTNI) was above
the upper limit of normal (ULN). Acute kidney injury was defined as an elevation in
serum creatinine level equal to or above 26.5 pmol/L within 48 hi"*. Acute liver injury
was defined when acutely increased levels of serum alanine aminotransferase (ALT) or
alkaline phosphatase (ALP) above three times the upper limit of normal (ULN) were
observed!"”l. The increase or decrease of biochemical indicators was defined as
exceeding or below their normal range, respectively, according to the laboratory
standard of each hospital.

The adverse effects during hospitalization included hyperglycemia, hypoglycemia,
metabolic acidosis, and lactic acidosis. Hyperglycemia was defined as FBG 2 6.1
mmol/L or 2-h postprandial blood glucose (2hPBG) = 7.8 mmol/L or GLU = 11.1
mmol/ L. Hypoglycemia was defined when FBG < 3 mmol/L". Metabolic acidosis
was defined as a blood pH < 7.35 and a decrease in plasma bicarbonate concentration
(HCO3") < 22 mmol/L, and lactic acidosis was defined when blood pH < 7.35 and the
arterial lactate level > 5 mmol /LU,

Propensity score-matched analysis and sensitivity analysis

Variables that were expected to be potential confounders for DPP4i use and for the
association of in-hospital DPP4i use with COVID-19 outcomes were addressed using
the propensity score matching (PSM) model. These variables included age, sex, heart
rate, blood pressure, pulse oxygen saturation (SpO,) < 95%, CT-diagnosed bilateral
lung lesions, incidence of increased leukocyte count, neutrophil count, CRP,
procalcitonin, ALT, D-dimer, and low density lipoprotein cholesterol (LDL-c),
decreased lymphocyte count and eGFR, comorbidities (chronic obstructive pulmonary
disease, cerebrovascular diseases, chronic liver disease, and chronic renal diseases),
number of oral hypoglycemic agents, and proportion of insulin usage. A
nonparametric missing value imputation based on the missForest procedure in R was
adopted to explain the missing laboratory data. A random forest model based on the
other variables in the data set was applied to predict the missing values and to
estimate the internally cross-validated errors. According to the propensity scores, the
DPP4i and non-DPP4i users were paired at a ratio of 1:3 through exact matching with
a caliper size of 0.05. The balance between covariates was evaluated by estimating
standardized differences before and after matching, and those with absolute values
less than 0.1 were regarded as successfully balanced. A sensitivity analysis was
performed to assess the robustness of our findings.

Statistical analysis

The statistical methods of this study were reviewed by Dr. Jing Chen from Department
of Mathematics and Physics, Wuhan Institute of Technology. Statistical analyses were
conducted with R-3.6.3 (R Foundation for Statistical Computing, Vienna, Austria) and
SPSS Statistics (version 23.0, IBM, Armonk, NY, United Stated). Continuous variables
are presented as medians and interquartile ranges (IQRs), and categorical variables are
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presented as frequencies and percentages (%). Statistical differences between two
groups were analyzed using t tests (normally distributed data) or the Kruskal-Wallis
rank sum test (non-normally distributed data) for continuous variables, and
comparisons of categorical variables were performed by Fisher’s exact test or the y*
test.

The association between DPP4i use and the risk of COVID-19 outcomes was
analyzed using a logistic regression model and a mixed-effect Cox model. The
corresponding adjusted odds ratio (OR) and hazard ratio (HR) were calculated after
adjusting for the incidence of increased CRP between the DPP4i and non-DPP4i
groups. For the mixed-effect Cox model, we modeled site as a random effect, and the
proportional hazard assumptions were verified using correlation testing based on
Schoenfeld residuals. Considering the possibility of type 1 error due to multiple
comparisons, the findings from the analyses of the secondary endpoints should be
interpreted as exploratory.

RESULTS

Clinical characteristics of DPP4i group vs non-DPP4i group

This study included a total of 2563 participants with type 2 diabetes who were
admitted to hospitals due to COVID-19. After excluding 148 patients without complete
electronic medical records, 78 aged > 85 or < 18 years, 148 pregnant patients or patients
with ineligible diseases or contraindications, 62 with confusion or mental disorders,
547 without hypoglycemic therapy, and 323 not taking oral hypoglycemic agents
during hospitalization, 1257 patients [aged 64 years (IQR, 56-69); 52.03% male] were
included for the retrospective longitudinal analysis (Figure 1). The 142 participants
[aged 63 years (IQR, 55-67); 46.48% male] who received DPP4i drugs were classified
into the DPP4i group, while the remaining 1115 [aged 64 years (IQR, 56.5-69); 52.74%
male] were included in the non-DPP4i group (Table 1). All of the included participants
were followed for a total of 28 d after admission. Compared to that in the non-DPP4i
group, a higher percentage of participants in the DPP4i group took three or more types
of anti-diabetic agents (36.62% in the DPP4i group vs 12.11% in the non-DPP4i group
for 3 types; 13.38% vs 1.08% for 2 4 types). Compared to that in the non-DPP4i group,
the incidence of elevated ALT was lower but the incidence of elevated LDL-c was
higher in the DPP4i group at the time of admission (Table 1).

In-hospital use of DPP4i is not significantly associated with primary or secondary

outcomes of COVID-19

To demonstrate the associations between in-hospital DPP4i use and COVID-19-related
mortality, we performed PSM analysis and successfully matched 111 participants in
the DPP4i group with 333 non-DPP4i users at a ratio of 1:3. The clinical characteristics
of the DPP4i group vs the non-DPP4i group on admission after PSM are presented in
Table 1.

In the logistic regression model, we did not observe any significant difference
between patients taking DPP4i drugs and those taking other oral hypoglycemic drugs
regarding the incidence or risk of 28-d all-cause mortality (1.8% vs 3.3%; OR = 0.58
95%CI: 0.12-2.68, P = 0.48). The incidences and risks of the secondary outcomes and
the occurrences of septic shock, ARDS, or acute organ (kidney, liver, and cardiac)
injury were comparable between the DPP4i and non-DPP4i groups (Table 2).

After further adjusting for imbalanced variables (the incidence of elevated CRP) in
the mixed-effect Cox model using site as a random effect, the results remained
nonsignificant for the association of DPP4i use with 28-d all-cause mortality in patients
with COVID-19 (adjusted HR = 0.44, 95%CI: 0.09-2.11, P = 0.31) or with the
abovementioned secondary outcomes (Table 2). The insignificant association between
the in-hospital use of DPP4i and 28-d mortality due to COVID-19 was further
validated in the sensitivity analyses (adjusted HR = 0.45, 95%CI: 0.10-2.08, P = 0.31 in
the first sensitivity analysis with caliper size at 0.04; adjusted HR = 0.35, 95%ClI: 0.07-
1.71, P = 0.19 in the second sensitivity analysis without matching procalcitonin).

DPP4i shows comparable glycemic control efficacy to non-DPP4i oral anti-diabetic

agents

Our recent study demonstrated that patients with well-controlled glucose levels had a
significantly reduced risk of COVID-19-related mortality compared to those with
poorly controlled glucose levels among patients with coexisting diabetes?”. We thus
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Table 1 Characteristics of patients with type 2 diabetes in dipeptidyl peptidase-4 inhibitor and non-dipeptidyl peptidase-4 inhibitor

groups before and after propensity score matching

Unmatched Matched (1:3)°
Parameter DPP4 (n=142) NOMDPPAT(N= o DPP4i (n=111) NOMDPPAE(n= - op
1115) 333)
Clinical characteristics on admission
Age, median (IQR) 63 (55-67) 64 (56.5-69) -0.107 63 (55.5-67) 64 (56-69) -0.068
Male gender, 1 (%) 66 (46.48) 588 (52.74) -0.125 57 (51.35) 159 (47.75) 0.072
Female gender, 1 (%) 76 (53.52) 527 (47.26) 0.125 54 (48.65) 174 (52.25) -0.072
Heart rate, median (IQR) 82 (75-91) 85 (78-98) -0.192 82.5 (75-97.25) 82 (76-96) 0.032
Respiratory rate, median (IQR) 20 (19-21) 20 (19-21) 0.030 20 (19-20) 20 (19-21) 0.014
DBP, median (IQR) 80 (73.25-90) 80 (72-89) 0.116 80 (72-91) 80 (74-89) 0.018
SBP, median (IQR) 133 (123-146) 133 (121-145) 0.070 133 (123-146) 135 (122-148) -0.021
SpO,, median (IQR) 97 (95-98) 97 (95-98) 0.018 97 (95-98) 97 (95-98) 0.049
Comorbidities on admission
Heart failure, n (%) 0 (0.00) 3(0.27) -0.073 0 (0.00) 0 (0.00) 0
Coronary heart disease, 1 (%) 16 (11.27) 150 (13.45) -0.066 13 (11.71) 44 (13.21) -0.045
Cerebrovascular diseases, 1 (%) 5(3.52) 41 (3.68) -0.008 4 (3.60) 16 (4.80) -0.060
Chronic liver disease, 1 (%) 0 (0.00) 25 (2.24) -0.214 0 (0.00) 0 (0.00) 0
Chronic renal diseases, 1 (%) 2 (1.41) 23 (2.06) -0.050 2 (1.80) 3(0.90) 0.078
Chronic obstructive pulmonary 1(0.70) 9 (0.81) -0.012 1 (0.90) 3 (0.90) 0
disease, 1 (%)
Background anti-diabetic drugs'
1 type, n (%) 24 (16.90) 526 (47.17) -0.686 24 (21.62) 82 (24.62) -0.071
2 types, 1 (%) 47 (33.10) 439 (39.37) -0.131 47 (42.34) 133 (39.94) 0.049
3 types, 1 (%) 52 (36.62) 135 (12.11) 0.596 39 (35.14) 113 (33.93) 0.025
> 4 types, n (%) 19 (13.38) 12 (1.08) 0.489 1 (0.90) 5 (1.50) -0.055
Insulin, n (%) 81 (57.04) 607 (54.44) 0.052 59 (53.15) 184 (55.26) -0.042
Chest CT on admission
Bilateral lesions, 7 (%) 119 (92.25) 957 (90.71) 0.055 91 (91.92) 289 (92.33) -0.015
Laboratory examination on admission
Leukocyte count > 9.5 x 10°/L, n 16 (11.35) 101 (9.41) 0.063 13 (11.71) 29 (8.95) 0.091
(%)
Neutrophil count > 6.3 x 10°/L, n 22 (15.60) 166 (15.47) 0.004 18 (16.22) 53 (16.36) -0.004
(%)
Lymphocyte count < 1.1,10°/L, n 55 (39.01) 437 (40.73) -0.035 42 (37.84) 130 (40.12) -0.047
(%)
Red blood count < 3.5 (for 61 (43.26) 480 (44.73) -0.030 48 (43.24) 156 (48.15) -0.099
female), 4.0 (for male) x 10%/L, n
(%)
C-reactive protein increase > 36 (49.32) 298 (50.85) -0.031 26 (44.07) 98 (56.32) -0.247
ULN?, 11 (%)
Procalcitonin level increase > 54 (46.96) 399 (44.19) 0.056 39 (43.82) 132 (48.18) -0.087
ULN?, 11 (%)
ALT increase > 40 U/L, n (%) 22 (15.83) 234 (21.89) -0.155 16 (14.68) 53 (16.46) -0.049
eGFR, median (IQR) 104.20 (90.60- 101.18 (84.33- 0.088 103.78 (90.77- 101.33 (83.55- 0.028
119.76) 119.66) 116.18) 117.81)
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D-dimer > ULN?, 1 (%)

LDL-c > 3.4 mmol/L, n (%)

62 (49.60) 526 (53.08) -0.070 51 (52.04) 148 (50.00) 0.041

25 (22.73) 135 (15.96) 0172 16 (19.51) 51 (19.54) -0.001

1Background anti-diabetic drugs were defined as the number of types of combined oral hypoglycemic agents and the proportion of patients using insulin.

2Upper limit of normal was defined according to criteria in each hospital and normal ranges of tests in each hospital.

3In the propensity score matched model, age, gender, heart rate, blood pressure, SpO, < 95%, computed tomography-diagnosed bilateral lung lesions,

incidence of increased neutrophil count, leukocyte count, C-reactive protein, procalcitonin, alanine transaminase, D-dimer, low density lipoprotein

cholesterol and decreased lymphocyte count, estimated glomerular filtration rate, comorbidities (chronic obstructive pulmonary disease, cerebrovascular

diseases, chronic liver disease, and chronic renal diseases), the numbers of oral hypoglycemic agents, and the proportion of insulin usage were matched.

*Patients with type 2 diabetes who received dipeptidyl peptidase-4 inhibitors (DPP4i) throughout the whole 28-d follow-up period were enrolled in the

DPP4i cohort.

°Patients with type 2 diabetes who never received DPP4i but took other anti-diabetic drugs throughout the observation time during hospitalization were

classified as the non-DPP4i group. Data are 1 (%) or medians (IQR).

DPP4i: Dipeptidyl peptidase-4 inhibitors; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; SpO,: Pulse oxygen saturation; ALT: Alanine
transaminase; eGFR: Estimated glomerular filtration rate; LDL-c: Low density lipoprotein cholesterol; IQR: Interquartile range; SD: Standardized

difference; ULN: Upper limit of normal; CT: Computed tomography.

Table 2 Associations of in-hospital use of dipeptidyl peptidase-4 inhibitors with coronavirus disease 2019 outcomes in propensity

score matched analysis followed by logistic regression and mixed-effect Cox model analyses [n = 444, n (%)]

Logistic regression model Mixed-effect Cox model

Non-DPP4i (n=  Adjusted' OR Adjusted’ HR

Parameter DPP4i (n=111) 333) P value® P value®
(95%Cl) (95%Cl)

Primarily outcome

All-cause mortality 2(1.8) 11 (3.3) 0.58 (0.12,2.68) 048 0.44 (0.09,2.11) 031

Secondary outcome

Septic shock 1(0.9) 4(1.2) 0.78 (0.09,7.05) 0.82 0.66 (0.07,6.13) 0.71

Acute respiratory distress 17 (15.3) 51 (15.3) 1.06 (0.58,1.95) 0.85 1.02 (0.59,1.77) 0.95

syndrome

Acute kidney injury 1(0.9) 3(0.9) 1.03 (0.11,10.03) 0.98 1.04 (0.11,10.07) 0.97

Acute liver injury 10 (9.0) 20 (6.0) 1.6 (0.72,3.54) 0.25 1.62 (0.74,3.53) 0.23

Acute cardiac injury 11 (9.9) 24 (7.2) 1.53 (0.71,3.28) 0.28 1.35 (0.65,2.79) 0.42

Any 30 (27) 84 (25.2) 1.17 (0.71,1.94) 0.54 1.06 (0.69,1.62) 0.79

Logistic regression model adjusted the incidence of increased C-reactive protein between DPP4i and non-DPP4i groups.

2Cox proportional hazard model using the hospital site as a random effect and adjusting the incidence of increased C-reactive protein.

3P values were calculated based on logistic regression model and mixed-effect Cox model, respectively.

Data are n (%). Measures of associations are adjusted odds ratios and hazard ratios. DPP4i: Dipeptidyl peptidase-4 inhibitors; OR: Odds ratio; HR: Hazard

ratio; CI: Confidence interval.
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further analyzed whether DPP4i treatment had a better performance in maintaining
glucose control than non-DPP4i treatment. However, the median, maximum, and
minimum FBG and GLU were all approximately equivalent between the patients who
received DPP4i drugs and those who received non-DPP4i drugs during hospitalization
(Table 3). Although the relative duration of FBG above 7.0 mmol/L was slightly longer
in the DPP4i group than in the non-DPP4i group, there was no statistically significant
difference (Table 3). Likewise, the glucose control-related adverse outcomes, including
hyperglycemia requiring treatment, hypoglycemia, acidosis, lactic acid elevation, and
the probability of discontinuing the current regimen, were all comparable among
patients with diabetes in the DPP4i and non-DPP4i groups (Table 4).

No association between DPP4i usage and inflammation among patients with

diabetes

It has been reported previously that DPP4i might exert a comprehensive anti-
inflammatory effect by blocking inflammatory cell activation and cytokine
productionl. However, the box plot demonstrates that there were no significant
differences in neutrophil count, leukocyte count, or cytokine concentrations (e.g.,
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Table 3 Differences of glycemic control efficacy in dipeptidyl peptidase-4 inhibitors group vs non-dipeptidyl peptidase-4 inhibitors

group (n = 444)

Parameter DPP4i (n=111) Non-DPP4i (n = 333) P value*

Glycemic control efficacy during hospitalization

Median of FBG, median (IQR) 8.01 (6.75-10.31) 835 (6.48-11.12) 0.84
Median of GLU, median (IQR) 10.55 (8.70-12.58) 10.70 (8.90-13.45) 0.90
Max FBG, median (IQR) 11.18 (7.82-13.92) 10.50 (7.33-15.48) 0.95
Max GLU, median (IQR) 14.90 (12.40-19.10) 16.30 (13.30-20.55) 0.30
Min FBG, median (IQR) 6.67 (5.30-7.98) 6.74 (5.39-8.76) 0.54
Min GLU, median (IQR) 7.10 (5.00-9.30) 7.10 (5.65-8.90) 0.87
FBG > 7 mmol/L, day/total days' (%) 9.09 (4.26-16.67) 6.52 (2.67-13.64) 0.05
GLU > 11.1 mmol/L, day/total days’ (%) 9.09 (5.56-23.75) 10.00 (4.08-25.40) 0.81
Titrating time’, median (IQR) 4.00 (1.00-9.00) 3.00 (1.00-11.00) 0.71

The day/ total days of FBG > 7 mmol/L was defined as the days with FBG > 7 mmol/L as a percentage of the entire observation period.

“The day/total days of GLU > 11.1 mmol/L was defined as the days with GLU > 11.1 mmol/L as a percentage of the entire observation period.

STitrating time was defined as the number of days that FBG met the normal range for the first time since admission.

*P values were calculated based on Kruskal-Wallis rank sum test.

Data are n (%) or medians (IQR). DPP4i: Dipeptidyl peptidase-4 inhibitors; FBG: Fasting blood glucose; GLU: Random blood glucose; Max: Maximum;

Min: Minimum; IQR: Interquartile range.

Table 4 Incidences and adjusted odds ratios of glycemic control efficacy and side effects in dipeptidyl peptidase-4 inhibitors group

compared to non-dipeptidyl peptidase-4 inhibitors group [n = 444, n (%)]

Parameter DPP4i (n=111) Non-DPP4i (n = 333) Adjusted® OR (95%Cl) P value’
FBG <7 mmol/L 47 (42.3) 150 (45.0) 0.91 (0.59,1.4) 0.67
GLU <11.1 mmol/L 29 (26.1) 102 (30.6) 0.78 (0.48,1.27) 0.31
Hyperglycemia requiring treatment’ 16 (14.4) 69 (20.7) 0.65 (0.36,1.17) 0.15
Hypoglycemia” 1(0.9) 1(0.3) 2.96 (0.18,47.95) 0.44
Metabolic acidosis 3(7) 8(24) 1.21 (0.31,4.66) 0.79
Lactic acidosis 1(0.9) 5(1.5) 0.62 (0.07,5.42) 0.67
Elevation of lactic acid’ 12 (10.8) 29 (8.7) 1.33 (0.65,2.72) 0.44
Probability to discontinue current regimen® 16 (14.4) 75 (22.5) 0.58 (0.32,1.04) 0.07

"Hyperglycemia requiring treatment was defined as the proportion of patients with elevated blood glucose and temporarily treated with insulin.
Hypoglycemia was defined when fasting blood glucose < 3 mmol/L.

3The elevation of lactic acid was identified as > 2.2 mmol/L.

#Probability to discontinue current regimen was defined as proportion of patients who added insulin treatment on the basis of existing hypoglycemic
regimens.

SLogistic regression model adjusted the incidence of increased C-reactive protein between DPP4i versus non-DPP4i groups.

®P values were calculated based on logistic regression model.

Data are 1 (%). Measures of associations are adjusted odds ratios. DPP4i: Dipeptidyl peptidase-4 inhibitors; FBG: Fasting blood glucose; GLU: Random
blood glucose; OR: Odds ratio; CI: Confidence interval.

tumor necrosis factor-a [TNF-a] and interleukin-6 [IL-6]) between the DPP4i and non-
DPP4i groups among patients with COVID-19 with coexisting type 2 diabetes
(Figure 2).
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2563 adult patients with T2DM diagnosed
as SARS-CoV-2 infections admitted in 16 hospitals
in Hubei Province from December 30, 2019 to April 23, 2020

148 referred patients without available complete
electronic medical records; 78 patients aged <
™| 18 or = 85 yr; 148 pregnant, ineligible diseases
or contraindication; 62 confusion or mental
disorders

\

2127 participants were enrolled in
the retrospective longitudinal study

547 patients without hypoglycemic
therapy during hospitalization

\

1580 participants taking hypoglycemic therapy

A

X

1257 participants taking 323 participants without
oral hypoglycemic drugs oral hypoglycemic drugs

\/

Propensity score-matched analysis

\

142 participants in
DPP-4i group

444 participants in P 1115 participants in
1:3 (111:333) matching | Non-DPP-4i group

Figure 1 Flow chart of study inclusion. T2D: Type 2 diabetes; DPP4i: Dipeptidyl peptidase-4 inhibitors.
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DISCUSSION

DPP4i drugs are a well-established therapy with outstanding abilities to modulate
glycemia and hyperactive inflammation'l. In addition, a recent docking-based
structural analysis speculated a tight interaction between DPP4 and SARS-CoV-2".
These insights raised a hypothesis about whether DPP4i drugs might be promising
therapeutic agents for COVID-19 among patients with hyperglycemial*'’. Here, we
retrospectively enrolled 2563 patients with type 2 diabetes who were infected with
SARS-CoV-2 from 16 hospitals in Hubei Province, China to investigate the possible
associations of DPP4i use with COVID-19 mortality and adverse outcomes. Notably,
in-hospital DPP4i use was not associated with 28-d all-cause mortality or with
multiorgan injury related to COVID-19. The effects of DPP4i drugs on glucose control
and inflammatory regulation were comparable to those of other oral anti-diabetic
drugs among the enrolled COVID-19 patients with pre-existing type 2 diabetes.
Furthermore, we did not observe substantial side effects such as uncontrolled
glycemia or acidosis due to DPP4i application compared to those due to non-DPP4i
agents in the study cohort. These findings support the continuous use of DPP4i drugs
among inpatients infected with SARS-CoV-2, which is consistent with the recently
published practical recommendation for the management of diabetes in patients with
COVID-19¥.

Although the effects of DPP4 are not yet fully understood, this protein has been
reported to play a major role in reducing insulin secretion and increasing glucose
levels by degrading incretins (e.g., glucagon-like peptide and glucose-dependent
insulinotropic polypeptide)t’l. DPP4 is also involved in modulating pro-inflammatory
cytokines, chemokines, and immune cell composition’. Furthermore, DPP4 was
identified as a functional receptor for the spike protein of MERS-CoV for host-cell
entry. Administration of neutralizing monoclonal antibodies directed against DPP4
binding to the MERS-CoV spike protein could protect mice against MERS-CoV
infection!”. The extensive function and ubiquitous expression of DPP4 in multiple
tissues, including the respiratory tract, raise the prospect of DPP4-targeted treatment
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Figure 2 Box plots showing the median levels of inflammatory response indicators in dipeptidyl peptidase-4 inhibitor and non-dipeptidyl
peptidase-4 inhibitor groups (n = 444). A-F: Box chart analysis of median levels of neutrophil count, neutrophil percentage, leukocyte count, tumor necrosis
factor-a, interleukin (IL)-6, and IL-10 between the dipeptidyl peptidase-4 inhibitor (DPP4i) and non-DPP4i groups. The median levels of those parameters of each
participant during the follow-up duration were applied and were normalized according to their upper limits of normal range of each hospital. DPP4i: Dipeptidyl
peptidase-4 inhibitors; TNF-a: Tumor necrosis factor-a; IL-6: Interleukin-6; IL-10: Interleukin-10.
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to inhibit SARS-CoV-2 infection™!. However, there has been no direct clinical evidence
illuminating the associations between the use of DPP4i and COVID-19 outcomes. In
our study, after rigorous matching and adjustments, the clinical evidence did not
support that in-hospital DPP4i use led to any meaningful improvements or risks in
terms of COVID-19-related complications or mortality. We also did not observe any
significant associations of DPP4i usage with substantial adverse outcomes compared
to the use of non-DPP4i anti-diabetic agents among patients with COVID-19 and type
2 diabetes.

DPP4 mediates glycemia and inflammation both through catalytic and noncatalytic
capacities, but DPP4 inhibitors mainly selectively inhibit the catalytic activity of the
soluble moiety of DPP4"l. Extensive preclinical and clinical studies have demonstrated
that DPP4i drugs could reduce DPP4 activity by more than 50% within 24 h*!l.
However, the major effects of DPP4i agents on the inflammatory response lack
consistent clinical evidence. While a pilot study showed that sitagliptin slightly
reduced the level of CXCL10 in HIV subjects®, clinical data from another larger-scale
study suggested that sitagliptin and vildagliptin did not significantly improve plasma
inflammatory biomarker levels, such as IL-6, CRP, TNF, or CD4 and CD8, among
patients with diabetes™ 1. Letko et al*! showed that a chimeric SARS-CoV-2 spike
protein was capable of entering cells expressing ACE2 but not DPP4, which might
explain the negligible influence of DPP4i agents on SARS-CoV-2 infection or COVID-
19 progression observed in our study.

The safety of DPP4i agents is not a major concern since they have been clinically
applied for diabetes management for more than 13 years. A population-based cohort
study, including 22435 subjects treated with DPP4i agents and 188614 participants
taking other noninsulin glucose-lowering agents, found no increased risk of infection
or pneumonia with DPP4i drugs™’. Furthermore, large-scale, randomized, double-
blind clinical trials indicated that sitagliptin, saxagliptin, alogliptin, and linagliptin did
not lead to increased risks of infections, immunity, inflammatory disorders,
cardiovascular events, hypoglycemia, body weight gain, or mortality among
individuals with diabetes and those at risk for cardiovascular or renal diseases!”l.
However, the function and adverse effects of DPP4i drugs in diabetic patients infected
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by SARS-CoV-2 are largely unknown. In the setting of COVID-19, our data showed
that in-hospital DPP4i use was not correlated with the clinical severity of COVID-19 or
the adverse effects of anti-diabetic agents and thus might be considered a relatively
safe option for managing patients infected by SARS-CoV-2 with pre-existing type 2
diabetes. Our study thus paved the way for large-scale prospective studies and
randomized clinical trials to further clarify the safety and efficiency of DPP4i agents
when treating individuals with diabetes and COVID-19.

There are several limitations in our study. First, the data in our study were collected
from hospitalized patients, and thus, the associations of DPP4i drugs with COVID-19-
related adverse outcomes might not be fully applicable for outpatients with diabetes or
for ethnically or geographically diverse populations. Second, the prehospitalization
data regarding the use of hypoglycemic agents were not completely retrieved because
of the retrospective nature of the study and the urgent circumstance of the COVID-19
epidemic. Third, the sample size of DPP4i users was relatively small in our study, and
thus, the associations of different DPP4 inhibitors (gliptins) could not be
comparatively evaluated. Thus, large-scale prospective cohort studies and randomized
clinical trials with ethnically and geographically diverse cohorts are needed to better
understand the effects of DPP4i agents on mortality, glycemic control, and side effects
among COVID-19 individuals.

CONCLUSION

In conclusion, among hospitalized patients with COVID-19 and pre-existing type 2
diabetes, DPP4i use is not significantly associated with increased risks of 28-d all-cause
mortality or multiorgan injury related to COVID-19. DPP4i agents do not show
adverse effects such as uncontrolled glycemia or inflammatory responses compared to
non-DPP4i oral glucose-lowering agents among patients with COVID-19 and diabetes.

ARTICLE HIGHLIGHTS

Research background

Diabetes is one of the most important comorbidities linked to the remarkably
increased severity and mortality of coronavirus disease 2019 (COVID-19). Our most
recent retrospective study based on one of the largest scale patient cohorts has
demonstrated that glucose control is the key point to diminish COVID-19 mortality for
patients with co-existing diabetes. Dipeptidyl peptidase 4 (DPP4) is commonly
targeted for glucose lowering and has outstanding roles in inflammatory and immune
regulation. As the well-established Middle East respiratory syndrome coronavirus
cellular receptor, DPP4 was predicted to have a tight interaction with severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) spike glycoprotein in the recent
molecular modeling study.

Research motivation

The latest observations sparked intense debates about whether DPP4 inhibitors might
be promising therapeutic agents against COVID-19 among patients with diabetes.
However, there is no direct clinical evidence supporting the associations between
DPP4i usage and COVID-19 prognosis so far.

Research objectives

To investigate the potential impacts of DPP4i on COVID-19 among patients with
diabetes, and to clarify whether continuation of DPP4i for diabetes management
among patients in the setting of COVID-19 is an appropriate option.

Research methods

We enrolled 15451 confirmed COVID-19 cases, including 2563 inpatients with type 2
diabetes from 16 hospitals in Hubei Province, between December 30, 2019 and April
23, 2020. After excluding those ineligible individuals, 142 patients receiving DPP4i and
1115 cases receiving non-DPP4i oral anti-diabetic were included in the subsequent
analysis. Then we performed a strict propensity score matching (PSM) analysis where
age, sex, comorbidities, number of oral hypoglycemic agents, heart rate, blood
pressure, pulse oxygen saturation (SpO,) < 95%, CT diagnosed bilateral lung lesions,
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laboratory indicators, and proportion of insulin usage were matched. Finally, 111
participants treated with DPP4i were successfully matched with 333 non-DPP4i users.
Then logistics linear model and mixed-effect Cox model were applied to analyze the
associations between in-hospital use of DPP4i and adverse outcomes of COVID-19.

Research results

We found that there was no significant association between patients taking DPP4i vs
other oral hypoglycemic drugs regarding the incidence or risk of 28-d all-cause death
(adjusted hazard ratio = 0.44, 95%CI: 0.09-2.11, P = 0.31). Likewise, the incidences and
risks of secondary outcomes including septic shock, ARDS, or acute organ (kidney,
liver, and cardiac) injuries were also comparable between the DPP4i and non-DPP4i
groups. And the performances of DPP4i on glucose control (e.g., the median level of
fasting blood glucose and random blood glucose) and inflammatory regulation were
all kept approximately equivalent in the DPP4i vs non-DPP4i group. Furthermore, we
did not observe substantial side effects on uncontrolled glycaemia or acidosis due to
DPP4i application compared to non-DPP4i agents in the study cohort.

Research conclusions

These data demonstrated that there are no significant correlations between
DPP4i treatment and adverse clinical outcomes among COVID-19 patients with
diabetes, and DPP4i does not show any other significant adverse effects on anti-
diabetic treatment. Thus, DPP4i might be a relative safe option for managing pro-
existing type 2 diabetes patients infected by SARS-CoV-2, which may provide certain
reference value for clinical decision-making. Our study also paves the way for
perspective studies and randomized controlled clinical trials on DPP4i therapy for
COVID-19.

Research perspectives

Large-scale prospective cohort studies and randomized clinical trials with ethnically
and geographically diverse cohorts are needed to better understand the effects of
DPP4i agents on mortality, glycemic control, and side effects among COVID-19
individuals.
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