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Abstract

Because other coronaviruses enter the cells by binding to dipeptidyl-peptidase-4

(DPP-4), it has been speculated that DPP-4 inhibitors (DPP-4is) may exert an activity

against severe acute respiratory syndrome coronavirus 2. In the absence of clinical

trial results, we analysed epidemiological data to support or discard such a hypothe-

sis. We retrieved information on exposure to DPP-4is among patients with type 2

diabetes (T2D) hospitalized for COVID-19 at an outbreak hospital in Italy. As a refer-

ence, we retrieved information on exposure to DPP-4is among matched patients

with T2D in the same region. Of 403 hospitalized COVID-19 patients, 85 had T2D.

The rate of exposure to DPP-4is was similar between T2D patients with COVID-19

(10.6%) and 14 857 matched patients in the region (8.8%), or 793 matched patients

in the local outpatient clinic (15.4%), 8284 matched patients hospitalized for other

reasons (8.5%), and when comparing 71 patients hospitalized for COVID-19 pneumo-

nia (11.3%) with 351 matched patients with pneumonia of another aetiology (10.3%).

T2D patients with COVID-19 who were on DPP-4is had a similar disease outcome as

those who were not. In summary, we found no evidence that DPP-4is might affect

hospitalization for COVID-19.
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1 | INTRODUCTION

The coronaviruses causing 2002 severe acute respiratory syndrome

(SARS) and Middle East respiratory syndrome used dipeptidyl pepti-

dase-4 (DPP-4) to enter the cells and initiate infection.1,2 The molecu-

lar studies that are available do not support that SARS coronavirus 2

(SARS-CoV-2) enters the cells via DPP-4,3 but structural models pre-

dict that SARS-CoV-2 spike protein can interact with membrane-

bound DPP-4 (CD26).4 CD26 is expressed on several cell types,

including lymphocytes, where it interacts with adenosine deaminase

to regulate immune responses.5 CD26/DPP-4 also exists as a soluble

form but the interplay between membrane and soluble DPP-4 in regu-

lating the internalization of coronaviruses is complex and not entirely

understood.6 Because DPP-4 physiologically cleaves incretin hor-

mones, DPP-4 inhibitors (DPP-4is) are used pharmacologically to pro-

long incretin half-life, potentiate meal-induced insulin secretion and to
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treat type 2 diabetes (T2D).7 DPP-4 has many other substrates,

including cytokines and chemokines that regulate innate immunity.8

During the early phases of clinical development, concerns emerged

that DPP-4is could increase the risk of respiratory tract infections, but

these signs were not confirmed in larger trials.9

Notably, T2D negatively affects the outcome of COVID-19,10 for

which there are limited treatment options. Based on prior evidence

regarding the role of DPP-4 on coronavirus infection, it has been

speculated that DPP-4is could exert a protective effect against

COVID-19.11 This could be especially relevant for patients with T2D,

who display elevated DPP-4 activity.12 While waiting for the results

of ongoing trials (e.g. NCT04341935), we used observational data

from a SARS-CoV-2 outbreak area in north-east Italy to explore

whether DPP-4is might be protective against COVID-19.

2 | METHODS

2.1 | Study design

This was a retrospective study on anonymized patients’ data collected

from electronic medical records. The protocol conforms to the ethical

guidelines of the 1975 Declaration of Helsinki and, in compliance with

national regulation on retrospective observational studies, it was noti-

fied to the local ethical committee (no. 23554) and the need for

patients’ informed consent was waived.

2.2 | Data collection

We retrieved data on patients with T2D hospitalized for COVID-19

from February to April 2020 at the University Hospital of Padova,

located at the centre of one of the first SARS-CoV-2 outbreaks in

north-east Italy. We screened the records of all patients admitted to

hospital with a confirmed SARS-CoV-2 infection. The presence of T2D

was ascertained based on self-reported history, prior electronic medical

records indicative of diabetes and ongoing therapy with glucose-lower-

ing medications. Patients with a diagnosis of type 1 diabetes were

excluded. For all patients with T2D, we collected the following informa-

tion: demographics (age, sex), concomitant risk factors (smoking, hyper-

tension, dyslipidaemia), co-morbidities (chronic obstructive pulmonary

disease and history of cancer), complications (cardiovascular disease

and microangiopathy), presence or absence of COVID-19-related pneu-

monia, and ongoing therapies before hospitalization. First, we calculated

the proportion of DPP-4i users among patients with T2D prior to hospi-

talization for COVID-19. Then, to evaluate whether such prevalence

was lower than expected, and therefore suggestive of a possible protec-

tive effect of DPP-4is against COVID-19, we retrieved data on patients

with T2D from the administrative repository of the Veneto region. This

database contains all healthcare contacts involving ~5 million inhabi-

tants, complemented by the regional Health Information Exchange sys-

tem.13 Patients with T2D and COVID-19 were matched with patients

in the regional administrative database by means of propensity score

matching (PSM). Variables used to compute propensity scores (PS)

were: age, sex, prevalence of hypertension, dyslipidaemia, history of

cardiovascular disease, chronic kidney disease, chronic pulmonary dis-

ease, cancer (past or current), use of insulin, angiotensin-converting

enzyme (ACE) inhibitors, calcium channel blockers, beta-blockers, plate-

let aggregation inhibitors, statins and anticoagulants. Each diabetic

patient with COVID-19 was matched with 200 control individuals with

T2D at the last observation in 2018, or with 100 controls with T2D

hospitalized for any other reasons in 2018, or with five patients with

2TD hospitalized for pneumonia in 2018. For hospitalized patients, a

DPP-4i user was defined as a patient with a refill for DPP-4is before

hospitalization, to avoid including patients who initiated DPP-4is during

their hospital stay or at discharge.

As a secondary analysis, we retrieved the expected proportion of

DPP-4i users among patients with T2D from the database of the dia-

betes outpatient clinic at the same university hospital. Patients with

COVID-19 were matched 1:10 with diabetic controls, and the follow-

ing variables were used to compute PS: age, sex, HbA1c, weight, prev-

alence of hypertension, dyslipidaemia, history of cardiovascular

disease, atrial fibrillation, chronic kidney disease, microangiopathy, use

of insulin, ACE inhibitors, calcium channel blockers, beta-blockers,

platelet aggregation inhibitors, statins and anticoagulants.

2.3 | Statistical analysis

Continuous variables are shown as mean and standard deviation,

while categorical variables are shown as percentages. Continuous var-

iables were compared between the two groups using two-tail Stu-

dent's t test or Mann–Whitney's U test as appropriate, whereas

categorical variables were compared using the chi-square test. PSM

was performed with a caliper of 0.3 for non-COVID-19 controls, 0.91

for non-COVID pneumonia controls and 0.25 for the clinical database,

using the nearest neighbour method without replacement. To evalu-

ate the balance between matched groups, an absolute standardized

mean difference <0.10 was considered indicative of a good match,

even when, because of a large sample size, the P-value of the compar-

ison was <.05. The proportion of patients exposed to DPP-4is was

calculated with 95% CI and compared between the various groups

using the chi-square test and odds ratios (OR) are presented. Statisti-

cal analyses were conducted with a significance threshold of P < .05.

Calculations were performed in SAS version 9.4 (TS1M4), R statistical

package and scipy python library.

3 | RESULTS

3.1 | Characteristics of diabetic patients with
COVID-19

Figure S1 shows the study flowchart. Of 403 patients hospitalized for

COVID-19, 85 had pre-existing T2D, nine of whom were on

treatment with DPP-4is, equal to a proportion of 10.6% (95% CI
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TABLE 1 Clinical characteristics of COVID-19 patients with type 2 diabetes, divided based on the prior use of dipeptidyl-peptidase-4
inhibitors (DPP-4is)

Not on DPP-4is On DPP-4is

No. available Value No. available Value P

Demographics

Age, years 76 70.1 (13.3) 9 72.2 (12.8) .647

Sex male, % 76 63.2 9 77.8 .392

Fasting plasma glucose, mmol/L 55 10.7 (4.8) 9 12.7 (6.1) .277

HbA1c, mmol/mol 50 59.1 (23.1) 6 58.8 (12.4) .976

Concomitant risk factors

Hypertension, % 76 67.1 9 88.9 .184

SBP, mm hg 74 136.1 (22.7) 9 136.6 (16.3) .955

DBP, mm hg 74 74.6 (11.4) 9 72.3 (11.5) .573

Current smoking, % 37 2.7 4 0.0 .977

Dyslipidaemia, % 76 43.4 9 22.2 .227

Body weight, % 33 83.1 (10.6) 5 81.5 (8.5) .749

Co-morbidities

Cardiovascular disease, % 73 26.3 9 33.3 .713

Atrial fibrillation, % 73 9.2 9 11.1 .886

CKD, % 76 15.8 9 11.1 .716

Serum creatinine, umol/L 76 89.2 (40.3) 9 92.3 (29.1) .825

COPD, % 73 9.2 9 0.0 .337

Cancer, % 72 18.4 9 22.2 .846

Microvascular disease, % 57 18.4 8 11.1 .456

COVID-19 pneumonia, % 68 82.9 8 88.9 .434

Diabetes therapy

Basal insulin, % 76 27.6 9 0.0 .071

Bolus insulin, % 76 25.0 9 0.0 .091

Metformin, % 76 48.7 9 88.9 .022

Sulphonylurea, % 76 13.2 9 22.2 .466

Pioglitazone, % 76 3.9 9 0.0 .550

Acarbose, % 76 1.3 9 0.0 .733

GLP-1 receptor agonists, % 76 7.9 9 0.0 .388

SGLT-2 inhibitors, % 76 2.6 9 0.0 .627

Other therapies

ACE inhibitors, % 76 25.0 9 22.2 .857

ARBs, % 76 15.8 9 44.4 .038

CCB, % 76 21.1 9 0.0 .130

Beta-blockers, % 76 36.8 9 44.4 .661

Antiplatelet agents, % 76 28.9 9 33.3 .788

Statins, % 76 39.5 9 22.2 .318

Warfarin, % 76 3.9 9 0.0 .550

Outcomes

ICU admittance, % 73 19.2 9 33.3 .329

Semi-intensive care, % 74 32.4 9 44.4 .478

Death, % 72 13.9 9 11.1 .821

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CCB, calcium channel blockers; CKD, chronic kidney disease;

COPD, chronic obstructive pulmonary disease; DBP, diastolic blood pressure; GLP-1, glucagon-like peptide-1; ICU, intensive care unit; SBP, systolic blood

pressure; SGLT-2, sodium-glucose co-transporter-2.

Data are expressed as mean (SD) or as a percentage, where appropriate.
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5.7%-18.9%). The clinical characteristics of the study patients are

shown in Table 1. On average, patients were aged 70.3 years, 64.7%

were male, with an average diabetes duration of 10.4 years. The

majority had hypertension (69.4%), while only 27.1% had a history of

cardiovascular disease and 15.3% had chronic kidney disease. Except

for the concomitant use of metformin and angiotensin receptor

blockers, no significant difference was noted between patients with

T2D who were on DPP-4is compared with those who were not. None

of these differences were statistically significant if adjusted for multi-

ple testing. There was no significant difference in the rate of intensive

care unit admission or death between the two groups.

3.2 | Proportion of DPP-4i users among COVID-19
cases and controls

The group of 85 T2D patients with COVID-19 was matched with dif-

ferent groups of diabetic patients without COVID-19 to compare the

proportions of DPP-4i users (Figure 1). Matching was always success-

ful. In the administrative database (Table S1), the proportion of DPP-

4i users was 8.8% (95% CI 8.3%-9.3%) among all patients with T2D,

and 8.6% (95% CI 8.0%-9.2%) among patients with T2D hospitalized

for other reasons. In both cases, the proportion of DPP-4i users was

not significantly different from the proportion of DPP-4i users among

COVID-19 patients (OR 1.23; P = .693 and OR = 1.27; P = .635,

respectively). The proportion of DPP-4i users among patients with

COVID-19 pneumonia was 11.3% (95% CI 5.8%-20.7%) and 10.3%

(95% CI 7.5%-13.9%) among patients with 2TD hospitalized for pneu-

monia of another aetiology (OR 1.11. P = .967).

In the secondary analysis performed on the database of the local

diabetes outpatient clinic (Table S2), the expected proportion of DPP-

4i users was 15.4% (95% CI 12.8%-17.8%) and was again non-

significantly different from the proportion of DPP-4i users among

COVID-19 patients (OR 0.65; P = .250).

4 | DISCUSSION

The current study does not support the hypothesis that DPP-4is might

be protective against COVID-19. To explore the role of DPP-4is in

COVID-19, we should ideally perform a cohort study to record incident

cases of COVID-19 among people exposed to DPP-4is versus those

who were unexposed. However, such a strategy would require

ascertaining infection status in the entire population of individuals with

T2D, which would be highly inefficient. We therefore conducted a case-

control study and compared DPP-4i exposure among COVID-19

patients with T2D with the expected rate of DPP-4i exposure among

similar patients without COVID-19. A protective effect against COVID-

19 should result in a lower proportion of DPP-4i users among COVID-

19 compared with control patients. We found that the exposure rate to

DPP-4is among patients with T2D who were infected with SARS-CoV-2

prior to hospitalization for COVID-19 was superimposable to that among

matched patients in the same region or to those in the local outpatient

clinic. Similar rates of DPP-4i exposure were also observed when

patients hospitalized for COVID-19 were compared with patients hospi-

talized for other reasons, and when comparing patients with COVID-19

pneumonia with those with pneumonia because of other aetiologies.

Although small, the subgroup of diabetic COVID-19 patients on prior

DPP-4i therapy displayed no difference in disease outcome, further mak-

ing an effect of DPP-4i against COVID-19 improbable.

We acknowledge that our estimate of DPP-4i exposure before

COVID-19 was calculated for patients admitted to a university hospi-

tal, and therefore not necessarily representative of patients admitted

to other hospitals. Exposure estimates in the control groups were

obtained from much larger populations and matching abated statisti-

cally significant or clinically meaningful differences between cases and

controls. It should, however, be noted that control patients with con-

ditions other than COVID-19 could have a higher prevalence of some

co-morbidities leading to hospital admission, which were unaccounted

for in matching. Finally, control patients attending the local diabetes

clinic, although matched with cases for the geographic area, may not

be representative of the general diabetes population.

Our study provides no insight into whether ongoing therapy with

DPP-4is might impede SARS-CoV-2 from entering the cells, thus

preventing patients with T2D from becoming infected. Patients admit-

ted for COVID-19 are not necessarily representative of all SARS-CoV-

2-infected people or those who developed severe forms of the dis-

ease. However, if DPP-4is prevented infection by SARS-CoV-2, this

would result in a lower prevalence of DPP-4i users among hospital-

ized COVID-19 patients.

Among other limitations, we acknowledge that calculation of the

expected rate of exposure to DPP-4is among control patients was

based on data collected in 2018, is affected by ascertainment bias and

by the variable degree of matching that could be achieved. In addition,

we calculated that the study was powered to detect a difference in the
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rate of DPP-4i users that was 1.8-fold lower among COVID-19 than

among control patients. Therefore, we cannot rule out a smaller effect.

In conclusion, this study does not provide evidence for either a

reduction or an increase in the risk of hospitalization for COVID-19

patients with T2D. Nonetheless, DPP-4is exhibit an optimal safety

profile even in fragile populations, such as older people.14 Treating

people with T2D affected by COVID-19 can be challenging because

of the need to withdraw metformin resulting from hypoxia, and the

concomitant use of drugs that can cause hyperglycaemia (glucocorti-

coids) or hypoglycaemia (hydroxychloroquine).15 Thus, DPP-4is

remain a valid therapeutic option for the management of patients with

T2D and symptomatic COVID-19.
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