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Background: Dipeptidyl peptidase-4 inhibitor (DPP-4i) and renin-angiotensin system (RAS) blockade are reported to affect the 
clinical course of coronavirus disease 2019 (COVID-19) in patients with diabetes mellitus (DM).
Methods: As of May 2020, analysis was conducted on all subjects who could confirm their history of claims related to COVID-19 
in the National Health Insurance Review and Assessment Service (HIRA) database in Korea. Using this dataset, we compared the 
short-term prognosis of COVID-19 infection according to the use of DPP-4i and RAS blockade. Additionally, we validated the 
results using the National Health Insurance Service (NHIS) of Korea dataset.
Results: Totally, data of 67,850 subjects were accessible in the HIRA dataset. Of these, 5,080 were confirmed COVID-19. Among 
these, 832 subjects with DM were selected for analysis in this study. Among the subjects, 263 (31.6%) and 327 (39.3%) were DPP-
4i and RAS blockade users, respectively. Thirty-four subjects (4.09%) received intensive care or died. The adjusted odds ratio for 
severe treatment among DPP-4i users was 0.362 (95% confidence interval [CI], 0.135 to 0.971), and that for RAS blockade users 
was 0.599 (95% CI, 0.251 to 1.431). These findings were consistent with the analysis based on the NHIS data using 704 final sub-
jects. The adjusted odds ratio for severe treatment among DPP-4i users was 0.303 (95% CI, 0.135 to 0.682), and that for RAS 
blockade users was 0.811 (95% CI, 0.391 to 1.682).
Conclusion: This study suggests that DPP-4i is significantly associated with a better clinical outcome of patients with COVID-19.

Keywords: Angiotensin-converting enzyme 2; COVID-19; COVID-19 drug treatment; Diabetes mellitus; Dipeptidyl peptidase 4

Corresponding author: Sang Youl Rhee  https://orcid.org/0000-0003-0119-5818
Department of Endocrinology and Metabolism, Kyung Hee University School of 
Medicine, 23 Kyungheedae-ro, Dongdaemun-gu, Seoul 02447, Korea 
E-mail: rheesy@khu.ac.kr 

Received: Aug. 18, 2020; Accepted: Dec. 30, 2020 

INTRODUCTION

People with risk factors for cardiovascular diseases such as dia-
betes mellitus (DM) and hypertension have a higher risk of 
coronavirus disease 2019 (COVID-19) infection than the gen-
eral population and generally exhibit poor prognosis [1-7]. 
There is an urgent need to develop evidence-based treatment 
methods to effectively prevent and manage COVID-19 in peo-
ple with chronic diseases. However, it is not easy to provide re-

liable evidence within a short period in a worldwide pandemic 
situation.

Recently, it has been suggested that dipeptidyl peptidase-4 
(DPP-4) and angiotensin-converting enzyme 2 (ACE2) may be 
parts of the receptor proteins of the novel coronavirus and may 
have a significant impact on the clinical course of COVID-19 
[8,9]. Their molecular pathways are well-known to play impor-
tant roles in glucose homeostasis, cardiovascular hemodynam-
ics, and physiologic responses associated with inflammatory 
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cascades [10-14]. Therefore, DPP-4 inhibitor (DPP-4i) and re-
nin-angiotensin system (RAS) blockade, which are widely 
used in general practice, are likely to have a significant impact 
on the clinical course of COVID-19 in patients with chronic 
diseases [15-17].

The evidence that DPP-4i and RAS blockade significantly af-
fect the clinical course of COVID-19 infection is unclear. 
Therefore, it is generally recommended that COVID-19 pa-
tients with chronic diseases either not use or discontinue these 
drugs [18]. However, the clinical significance of DPP-4i and 
RAS blockade for COVID-19 in the absence of effective treat-
ment or preventive measures other than symptomatic treat-
ment can be very important.

Hence, we utilized the entire claims data related to COV-
ID-19 from Korea’s national medical insurance database, and 
investigated the effects of DPP-4i and RAS blockade, which are 
commonly administered to patients with DM, on the short-
term clinical outcomes of COVID-19.

METHODS

Health Insurance Review and Assessment Service claims 
database
The Korean National Health Insurance is a single healthcare 
insurance system that covers approximately 97% of the total 
Korean population; the remaining 3% are “medical protection” 
beneficiaries. Information on individuals’ utilization of medi-
cal facilities, prescription records, and diagnostic codes config-
ured in the format of International Classification of Diseases, 
10th revision (ICD-10) is recorded in the Health Insurance 
Review and Assessment Service (HIRA) database [19]. This 
database is considered representative of the Korean population 
and is used in research through anonymization and de-identi-
fication.

National Health Insurance Service database
The National Health Insurance Service (NHIS) database is also 
national representative data based on the claim data of national 
health insurance, such as the HIRA database. In particular, the 
NHIS provides a biennial health check-up program for all ben-
eficiaries aged ≥40 years, which consists of anthropometry, a 
self-administered questionnaire on past medical history, 
health-related behavior, and laboratory tests [20]. Because of 
these characteristics, this dataset differs from the HIRA data-
base and the composition of the population, and further analy-

sis is possible considering various clinical characteristics.

Study subjects of HIRA database
Currently, the HIRA is managing a separate research database 
using drug usage data for the past 5 years for subjects who have 
performed confirmatory tests for COVID-19. To protect per-
sonal information, the export of raw data is prohibited by law, 
and research is being performed in a way that provides de-
identified results when researchers submit program codes for 
analysis [21]. As of May 17, 2020, the total number of Korean 
COVID-19 related claims released to researchers was 67,850 
(Fig. 1). Of these, 5,080 and 832 were confirmed cases of CO-
VID-19 and COVID-19 with DM, respectively.

Study subjects of NHIS database
The official name of the Korean NHIS database for COVID-19 
research is National Health Information Database (NHID)-
COVID. This consisted of data from COVID-19 patients in 
Korea that occurred up to June 4, 2020, and 15 times of age and 
sex matched controls. This dataset includes subject claim data 
from 2015 to 2020 along with their national health check-up 
data. In this database, only de-identified results of analysis 
codes are provided to researchers to protect the subject’s priva-
cy. In addition, instead of the exact age of the subject, it is 
grouped in units of 10 years and provided to the researcher. 
The total number of subjects released to researchers was 
129,120 (Fig. 2). Of these, 3,494 and 704 were confirmed cases 
of COVID-19 and COVID-19 with DM, respectively.

Definition of COVID-19 infection, clinical status, and 
other clinical variables
The clinical variables that can be identified in Korea’s COV-
ID-19 claim database are the subject’s age, sex, diagnostic code, 
medication prescription, outpatient care, hospitalization, criti-
cal care, and death. COVID-19 diagnosis was defined as ICD-
10 diagnosis codes B34.2, B97.2, U18, U18.1, or U07.x. Inten-
sive care was defined as a procedure code for endotracheal in-
tubation or mechanical ventilation, or the charge of an inten-
sive care unit management fee. We analyzed subjects according 
to a mild case of self-isolation or simple hospitalization, or a 
severe/lethal case of death or intensive care.

The subject’s comorbidity was defined as a diagnostic code. 
DM was defined as E10.x, E11.x, E12.x, E13.x, or E14.x, hyper-
tension as I10.x, I11.x, I12.x, I13.x, or I15.x, dyslipidemia as 
E78.x, cardiovascular disease as I20.x, I21.x, I22.x, I23.x, I24.x, 
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Fig. 1. Flow chart of the selection of study subjects based on the data from the National Health Insurance Review and Assessment 
Service of Korea. COVID-19, coronavirus disease 2019; DM, diabetes mellitus; ICU, intensive care unit.

Fig. 2. Flow chart of the selection of study subjects based on the National Health Information Database (NHID)-COVID data-
base from the National Health Insurance service of Korea. COVID-19, coronavirus disease 2019; DM, diabetes mellitus; ICU, in-
tensive care unit.

National Health Insurance Review and Assessment Service of Korea
COVID-19 claim database (as of May 2020, n=69,793)

National Health Insurance Service of Korea
NHID-COVID database (as of June 2020, n=129,120)

Total eligible subjects (n=5,080)

Total eligible subjects (n=3,494)

Final study subjects (n=832)

Final study subjects (n=704)

Excluding duplicate claims (n=1,943)

Excluding health check-up data or missing 
(n=65,584)

Excluding non-DM subjects (n=4,248)

Excluding non-DM subjects (n=2,790)

ICU care, or death (n=34)

ICU care, or death (n=75)

Self-isolation, or simple hospitalization
for observation (n=798)

Self-isolation, or simple hospitalization
for observation (n=629)

COVID-19 test negative (n=62,770)

COVID-19 test negative (n=60,042)
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or I25.x, and cerebrovascular disease as I61.x, I62.x, I63.x, or 
I64.x. Chronic kidney disease was defined as N18.x, asthma as 
J45.x or J46.x, and chronic obstructive pulmonary disease as 
J44.x. Cancer was defined as C00.x, C01.x, C02.x, C03.x, C04.x, 
C05.x, C06.x, C07.x, C08.x, C09.x, C10.x, C11.x, C12.x, C13.x, 
C14.x, C15.x, C16.x, C17.x, C18.x, C19.x, C20.x, C21.x, C22.x, 
C23.x, C24.x, C25.x, C26.x, C30.x, C31.x, C32.x, C33.x, C34.x, 
C37.x, C38.x, C39.x, C40.x, C41.x, C43.x, C44.x, C45.x, C46.x, 
C47.x, C48.x, C49.x, C50.x, C51.x, C52.x, C53.x, C54.x, C55.x, 
C56.x, C57.x, C58.x, C60.x, C61.x, C62.x, C63.x, C64.x, C65.x, 
C66.x, C67.x, C68.x, C69.x, C70.x, C71.x, C72.x, C73.x, C74.x, 
C75.x, C76.x, C77.x, C78.x, C79.x, C80.x, C81.x, C82.x, C83.x, 
C84.x, C85.x, C86.x, C88.x, C90.x, C91.x, C92.x, C93.x, C94.x, 
C95.x, C96.x, and C97.x. 

The subject’s medication use was assessed based on the ini-
tial date of COVID-19 diagnosis. If the prescription was con-
firmed within 180 days of diagnosis and was for at least 90 
days, the subject was defined as a user of a specific drug. And 
the use of medication was considered both inpatient and out-
patient, and both oral and injectable agents such as insulin 
were defined in the same method.

Anthropometric assessments of subjects were performed by 
health care professionals in the NHID-COVID dataset. Height, 
weight, waist circumference, and blood pressure were assessed. 
Information on the lifestyle was obtained through standard-
ized self-reported questionnaires. Subjects were classified ac-
cording to smoking status as nonsmoker, former smoker, or 
current smoker. Individuals who consumed 30 g of alcohol per 
day were classified as being heavy alcohol consumers [22,23]. 
Regular physical activity was defined as performance of stren-
uous exercise for at least once per week [23].

Thereafter, differences in characteristics and clinical status 
were compared according to whether the subject used DPP-4i 
and/or RAS blockade. We also investigated the possibility of 
synergy during the combined use of these two drugs.

Statistical analysis
Basic characteristics of subjects were expressed as mean± 
standard deviation for continuous variables in each subgroup 
and as number and percentage for categorical variables. The 
chi-square test, Fisher’s exact test, independent Student’s t-test, 
and one-way analysis of variance were used to compare the 
clinical characteristics of the subjects. Logistic regression anal-
ysis was used to adjust various clinical variables. Statistical 
analyses were performed using SAS version 9.4 (SAS Institute, 

Cary, NC, USA), and P<0.05 was considered statistically sig-
nificant.

Ethics statement
This study was approved by the Institutional Review Board of 
Kyung Hee University Hospital (no. KHUH 2020-04-067). The 
requirement for informed consent was waived by the Institu-
tional Review Board because de-identified information was 
used for the analyses.

RESULTS

Clinical characteristics with or without use of DPP-4i
Clinical characteristics of subjects were compared according to 
whether DPP-4i was used. In the HIRA dataset, mean age of 
DPP-4i users was significantly higher than that of non-users 
(Supplementary Table 1). And males were 56.65%, which was 
not significantly different from the percentage among non-us-
ers. Hypertension and dyslipidemia were shown by 74.90% 
and 93.92% of the subjects, respectively, and were statistically 
significant. However, there were no significant differences in 
the prevalence of other comorbidities. In terms of medication, 
DPP-4i users had significantly higher rates of metformin, sul-
fonylurea, thiazolidinedione, RAS blockade, diuretics, statin, 
and fibrate usage. However, the usage rate of sodium glucose 
cotransporter-2 inhibitor (SGLT2i) was significantly higher in 
non-users.

In the NHID-COVID dataset, the age group of DPP-4i users 
showed no significant difference compared to non-users (Sup-
plementary Table 2). The proportion of males in DPP-4i users 
was 47.4%, showing a significant difference compared to 38.0% 
in the non-users group. In addition, body mass index (BMI), 
waist circumference, systolic blood pressure, fasting glucose, 
and total cholesterol levels were significantly higher in DPP-4i 
users. Comorbidity and medication-related characteristics 
were similar to those of the HIRA dataset.

Clinical characteristics with or without the use of RAS 
blockade
Clinical characteristics of subjects were compared according to 
whether RAS blockade was used (Supplementary Table 3). 
RAS blockade users had a mean age of 64.85±13.23 years, 
which was significantly higher than that of non-users, and 
56.57% of them were male. Most RAS blockade users had dys-
lipidemia, and the prevalence of cardiovascular and chronic 
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kidney diseases among them was significantly higher than that 
among non-users. With regard to medication, the usage fre-
quency of metformin, sulfonylurea, thiazolidinedione, DPP-4i, 
diuretics, calcium-channel blocker, and statin was significantly 
higher among RAS blockade users than among non-users.

In the NHID-COVID dataset, the age group of RAS block-
ade users also showed significant difference compared to non-
users (Supplementary Table 4). The proportion of males in 
RAS blockade users was 39.6%, showing no significant differ-
ence compared to 40.7% in the non-users group. BMI, waist 
circumference, blood pressure, fasting glucose were signifi-
cantly higher in RAS blockade users. And height, total choles-
terol, and the proportion of current smoker were significantly 
lower RAS blockade users. The prevalence of dyslipidemia was 
significantly higher in RAS blockade users, but the differences 
between the two groups for other comorbidities were not sig-
nificant. With regard to medication, the usage frequency of 
metformin, sulfonylurea, DPP-4i, beta blocker, diuretics, calci-
um-channel blocker, and statin was significantly higher among 
RAS blockade users than among non-users.

Differences in severity of COVID-19 infection upon use of 
DPP-4i and RAS blockade
In the HIRA dataset, the fractions of those who received inten-
sive care or died were 3.42% and 4.39% among DPP-4i users 
and non-users, respectively (Table 1). The unadjusted odds ra-
tio (OR) of these severe/lethal cases among DPP-4i users was 
0.771 (95% confidence interval [CI], 0.355 to 1.676). However, 
the adjusted OR (aOR), considering age, sex, comorbidity, and 
medication, was 0.362 (95% CI, 0.135 to 0.971). The fractions 
of those who received intensive care or died were 3.98% and 
4.16% among RAS blockade users and non-users, respectively 
(Table 1). The OR of severe/lethal cases among RAS blockade 
users was 0.954 (95% CI, 0.471 to 1.933). The aOR, consider-
ing the effects of various clinical variables, was also not signifi-
cant, at 0.599 (95% CI, 0.251 to 1.431).

In the NHID-COVID dataset, the fractions of those who re-
ceived intensive care or died were 8.00% and 11.53% among 
DPP-4i users and non-users, respectively (Table 2). The unad-
justed OR of these severe/lethal cases among DPP-4i users was 
0.667 (95% CI, 0.363 to 1.225). However, the aOR considering 
age, sex, health check-up variables, comorbidity, and medica-
tion, was 0.303 (95% CI, 0.135 to 0.682). The fractions of those 
who received intensive care or died were 12.26% and 9.95% 
among RAS blockade users and non-users, respectively (Table Ta
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2). The OR of severe/lethal cases among RAS blockade users 
was 1.264 (95% CI, 0.762 to 2.095). The aOR, considering the 
effects of various clinical variables, was also not significant, at 
0.811 (95% CI, 0.391 to 1.682).

Combination effect of DPP-4i and RAS blockade
To evaluate the synergistic effect of the combination of these 
two drugs, subjects were divided into four groups according to 
whether DPP-4i and RAS blockade were used, and further an-
alyzed. Their clinical characteristics are summarized for each 
dataset in Supplementary Tables 5 and 6.

In the HIRA dataset, compared to that of subjects who used 
neither DPP-4i nor RAS blockade, the aOR was 0.456 (95% CI, 
0.158 to 1.314) for severe/lethal cases of RAS blockade only us-
ers, 0.232 (95% CI, 0.057 to 0.954) for DPP-4i-only users, and 
0.251 (95% CI, 0.074 to 0.850) for subjects using both DPP-4i 
and RAS blockade (Table 1). And in the NHID-COVID datas-
et, compared to that of subjects who used neither DPP-4i nor 
RAS blockade, the aOR was 0.759 (95% CI, 0.335 to 1.719) for 
severe/lethal cases of RAS blockade only users, 0.273 (95% CI, 
0.093 to 0.799) for DPP-4i-only users, and 0.249 (95% CI, 
0.079 to 0.788) for subjects using both DPP-4i and RAS block-
ade (Table 2).

DISCUSSION

In this study, we compared the characteristics and clinical out-
comes of COVID-19 infection upon administration of DPP-4i 
and RAS blockade, using two independent large database rep-
resentatives of the Korean population. In the HIRA dataset, the 
aOR for severe/lethal cases of DPP-4i users was 0.362 (95% CI, 
0.135 to 0.971), and that for RAS blockade users was 0.599 
(95% CI, 0.251 to 1.431). The aOR for the subgroup of those 
who used both drugs was 0.251 (95% CI, 0.074 to 0.850), 
which was not significantly different from that of DPP-4i-only 
users. And results were consistent in the analysis results using 
the NHID-COVID dataset. These suggest that the use of DPP-
4i for people with DM is associated with a better clinical out-
come of COVID-19 infection, suggesting that the synergistic 
effect of the combination of these two classes of drug is not 
likely to be noticeable. 

Our findings are consistent with the existing experimental 
research hypothesis that DPP-4i may reduce the severity of 
COVID-19 because DPP-4 acts as a receptor for coronavirus 
[8,24]. This hypothesis has not been confirmed in large popu-Ta
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comes of the subjects were analyzed. The synergistic effect of 
the combination of DPP-4i and RAS blockade could not be ex-
plained for the same reason.

This study has other limitations. Firstly, since this study was 
based on claim data, it was difficult to obtain detailed clinical 
information about the patients. In particular, it was difficult to 
evaluate the patient’s laboratory tests, images, and detailed 
clinical course information. Secondly, the study results dem-
onstrated that DPP-4i users exhibited better clinical outcomes; 
however, these results did not imply a clear causal relationship. 
Thirdly, it was difficult to predict the long-term clinical course 
and prognosis of the patients because our analysis was only for 
short-term clinical outcomes. Fourthly, this study may be diffi-
cult to generalize with respect to other countries as it was con-
ducted in Korea, where the proportion of severely ill patients 
and fatalities related to COVID-19 is lower than that in other 
countries. Lastly, further research is needed because a clear 
mechanism for explaining the facts obtained in this study has 
not been established. These limitations necessitate careful in-
terpretation and generalization of the results.

However, this study was based on two large dataset repre-
sentatives of the entire population of Korea, and such large-
scale studies are rare. Moreover, with regard to situations 
where effective prevention or treatment of COVID-19 infec-
tion has not been established, our research results contain 
meaningful data on drugs that are commercially available and 
applicable to many people. In particular, using Korea’s national 
medical insurance claim and health check-up data, it was pos-
sible to consider the impact of comorbidities and various med-
ications in the analysis. Currently, efforts are being made in 
Korea to increase the size and quality of the COVID-19 data-
base used in research for public interest. In the future, detailed 
observations of the clinical courses of subjects will enable a 
more detailed understanding of the disease, and it is expected 
that a more effective methodology for prevention and treat-
ment will be established soon.

In conclusion, this population-based study suggests that 
DPP-4i is significantly associated with a better clinical out-
come of COVID-19 infection. However, the effect of RAS 
blockade is not significant.

SUPPLEMENTARY MATERIALS

Supplementary materials related to this article can be found 
online at https://doi.org/10.4093/dmj.2020.0206.

lation groups, and our findings may be among the important 
evidence that supports it. In our study, DPP-4i users were more 
likely to exhibit comorbidities than non-users, and thus were 
more likely to be taking medications of different classes. De-
spite these differences in characteristics, it is interesting to note 
that the use of DPP-4i is associated with better clinical out-
comes of COVID-19 patients with DM. In particular, since 
DPP-4i rarely causes hypoglycemia when used alone, it is nec-
essary to examine the possibility of this drug being used as an 
immunomodulator for systemic infections, and not solely as a 
diabetes drug [25,26].

It should also be noted that the number of users of SGLT2i 
was significantly higher among DPP-4i non-users. A large-
scale clinical trial of SGLT2i has demonstrated that this drug 
has a significant effect on the prevention of cardiovascular dis-
ease [27,28]. Based on the results of this study, a randomized 
trial was recently performed to confirm the effect of SGLT2i 
on COVID-19 patients [29]. However, SGLT2i is likely to have 
a negative effect on patients with acute phase infections, for 
which it is important to maintain stable hemodynamics [30, 
31]. Currently, we are conducting a study on the clinical im-
pact of SGLT2i on COVID-19 patients; using the results, we 
plan to provide partial answers to important clinical questions 
as soon as possible.

Since ACE2 is also a known as a physiologic regulator of hu-
man coronavirus infection, the possibility that RAS blockade 
may negatively affect the susceptibility and severity of COV-
ID-19 infection has been hypothesized [32,33]. However, it is 
known that RAS blockade has anti-inflammatory and antioxi-
dant pleiotropic effects, and research results on preventing pul-
monary complication in vulnerable patients have been report-
ed [34,35]. A systemic review states that there is currently no 
clear evidence as to whether angiotensin-converting enzyme 
inhibitor or angiotensin receptor blocker needs to be started or 
stopped for viral infections, including COVID-19 [18].

In our study, RAS blockade tended to decrease the aOR for 
severe/lethal cases; however, this decrease was statistically in-
significant. This implies that RAS blockade users are also more 
likely to exhibit comorbidities than non-users, and hence, it is 
possible that this is a vulnerable clinical condition that requires 
more medication. It is also possible that the number of subjects 
studied was not sufficient to confirm statistical significance. 
This may have been because the effects on the long-term clini-
cal course and prognosis were not considered; owing to the 
limitation of our study design, only the short-term clinical out-
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Supplementary Table 1. Clinical characteristics according to the use of DPP-4i in Korean COVID-19 patients with diabetes 
based on the data from the National Health Insurance Review and Assessment Service of Korea

Characteristic No DPP-4i user (n=569) DPP-4i user (n=263) P value

Age, yr 60.99±16.90 63.69±12.19 <0.0001

   <40 65 (11.42) 4 (1.52)

   40 to <50 74 (13.01) 29 (11.03)

   50 to <60 114 (20.04) 61 (23.19)

   60 to <70 125 (21.97) 90 (34.22)

   70 to <80 112 (19.68) 55 (20.91)

   ≥80 79 (13.88) 24 (9.13)

Male sex 296 (52.02) 149 (56.65) 0.2129

Hypertension 371 (65.20) 197 (74.90) 0.0052

Dyslipidemia 483 (84.89) 247 (93.92) 0.0002

Cardiovascular disease 159 (27.94) 68 (25.86) 0.5295

Cerebrovascular disease 64 (11.25) 41 (15.59) 0.0795

Chronic kidney disease 104 (18.28) 58 (22.05) 0.2010

Asthma 166 (29.17) 73 (27.76) 0.6744

COPD 51 (8.96) 21 (7.98) 0.6407

Cancer 136 (23.90) 48 (18.25) 0.0679

Medication

   Metformin 86 (15.11) 183 (69.58) <0.0001

   Sulfonylurea 30 (5.27) 100 (38.02) <0.0001

   Meglitinide 5 (0.88) 2 (0.76) 0.8621

   TZD 8 (1.41) 33 (12.55) <0.0001

   DPP-4i 0 263 (100.00) <0.0001

   SGLT2i 18 (3.16) 1 (0.38) 0.0125

   AGI 6 (1.05) 1 (0.38) 0.3222

   Insulin 1 (0.18) 1 (0.38) 0.5755

   RAS blockade 197 (34.62) 130 (49.43) <0.0001

      ACEi 18 (3.16) 6 (2.28) 0.4797

      ARB 182 (31.99) 124 (47.15) <0.0001

   Beta blocker 92 (16.17) 46 (17.49) 0.6337

   Diuretics 65 (11.42) 46 (17.49) 0.0167

   CCB 171 (30.05) 88 (33.46) 0.3237

   Statin 207 (36.38) 159 (60.46) <0.0001

   Fibrate 15 (2.64) 17 (6.46) 0.0076

Values are presented as mean±standard deviation or number (%).
DPP-4i, dipeptidyl peptidase-4 inhibitor; COVID-19, coronavirus disease 2019; COPD indicates chronic obstructive pulmonary disease; TZD, 
thiazolidinedione; SGLT2i, sodium glucose cotransporter 2 inhibitor; AGI, alpha glucosidase inhibitor; RAS, renin-angiotensin system; ACEi, 
angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium-channel blocker.
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Supplementary Table 2. Clinical characteristics according to the use of DPP-4i in Korean COVID-19 patients with diabetes based on the NHID-COV-
ID database from the National Health Insurance Service of Korea

Characteristic No DPP-4i user  (n=529) DPP-4i user (n=175) P value
Age group, yr 0.117
   <40 15 (2.9) 1 (0.6)
   40 to <50 45 (8.5) 10 (5.7)
   50 to <60 137 (25.9) 43 (24.6)
   60 to <70 159 (30.1) 71 (40.6)
   70 to <80 111 (21.0) 35 (20.0)
   ≥80 62 (11.7) 15 (8.6)
Male sex 201 (38.0) 83 (47.4) 0.034
Height, cm 160.4±8.7 160.0±9.1 0.801
Weight, kg 63.1±11.8 65.7±10.8 0.009
BMI, kg/m2 24.4±3.5 25.4±3.1 0.001
Waist circumference, cm 82.9±9.2 85.8±8.7 <0.001
SBP, mm Hg 125.0±15.2 128.0±16.7 0.029
DBP, mm Hg 76.0±9.9 77.1±10.6 0.205
Fasting glucose, mg/dL 111.7±39.2 141.3±57.3 <0.001
Total cholesterol, mg/dL 193.3±41.1 177.5±38.0 <0.001
Smoking 47 (8.9) 12 (6.9) 0.298
Drinking 40 (7.6) 17 (9.7) 0.542
Regular exercise 126 (23.8) 47 (26.9) 0.479
Hypertension 271 (51.2) 117(66.9) <0.001
Dyslipidemia 466 (88.1) 165 (94.3) 0.029
Cardiovascular disease 376 (71.1) 138 (78.9) 0.056
Cerebrovascular disease 59 (11.2) 20 (11.4) 1.000
Chronic kidney disease 9 (1.7) 7 (4.0) 0.140
Asthma 138 (26.1) 50 (28.6) 0.585
COPD 38 (7.2) 6 (3.4) 0.110
Cancer 12 (2.3) 5 (2.9) 0.876
Medication
   Metformin 79 (14.9) 143 (81.7) <0.001
   Sulfonylurea 31 (5.9) 55 (31.4) <0.001
   Meglitinide 0 0 NA
   TZD 7 (1.3) 14 (8.0) <0.001
   DPP-4i 0 175 (100.0) <0.001
   SGLT2i 16 (3.0) 0 0.042
   AGI 2 (0.4) 0 1.000
   Insulin 0 0 NA
   RAS blockade 127 (24.0) 85 (48.6) <0.001
      ACEi 6 (1.1) 4 (2.3) 0.455
      ARB 121 (22.9) 81 (46.3) <0.001
   Beta blocker 37 (7.0) 17 (9.7) 0.313
   Diuretics 45 (8.5) 31 (17.7) 0.001
   CCB 98 (18.5) 50 (28.6) 0.007
   Statin 152 (28.7) 106 (60.6) <0.001
   Fibrate 6 (1.1) 9 (5.1) 0.004

Values are presented as number (%) or mean±standard deviation.
DPP-4i, dipeptidyl peptidase-4 inhibitor; COVID-19, coronavirus disease 2019; NHID, National Health Information Database; BMI, body mass index; 
SBP, systolic blood pressure; DBP, diastolic blood pressure; COPD, chronic obstructive pulmonary disease; NA, not applicable; TZD, thiazolidinedione; 
SGLT2i, sodium glucose cotransporter 2 inhibitor; AGI, alpha glucosidase inhibitor; RAS, renin-angiotensin system; ACEi, angiotensin-converting en-
zyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium-channel blocker.
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Supplementary Table 3. Clinical characteristics according to the use of RAS blockade in Korean COVID-19 patients with diabe-
tes based on the data from the National Health Insurance Review and Assessment Service of Korea

Characteristic No RAS blockade user (n=505) RAS blockade user (n=327) P value

Age, yr 59.90±16.70 64.85±13.23 <0.0001

   <40 60 (11.88) 9 (2.75) 0.0001

   40 to <50 66 (13.07) 37 (11.31)

   50 to <60 108 (21.39) 67 (20.49)

   60 to <70 122 (24.16) 93 (28.44)

   70 to <80 92 (18.22) 75 (22.94)

   ≥80 57 (11.29) 46 (14.07)

Male sex 260 (51.49) 185 (56.57) 0.1505

Hypertension 242 (47.92) 326 (99.69) <0.0001

Dyslipidemia 427 (84.55) 303 (92.66) 0.0005 

Cardiovascular disease 125 (24.75) 102 (31.19) 0.0417 

Cerebrovascular disease 62 (12.28) 43 (13.15) 0.7112 

Chronic kidney disease 68 (13.47) 94 (28.75) <0.0001

Asthma 151(29.90) 88 (26.91) 0.3519 

COPD 47 (9.31) 25 (7.65) 0.4051 

Cancer 118 (23.37) 66 (20.18) 0.2799 

Medication

   Metformin 142 (28.12) 127 (38.84) 0.0012 

   Sulfonylurea 63 (12.48) 67 (20.49) 0.0019 

   Meglitinide 4 (0.79) 3 (0.92) 0.8467 

   TZD 17 (3.37) 24 (7.34) 0.0097 

   DPP-4i 133 (26.34) 130 (39.76) <0.0001

   SGLT2i 9 (1.78) 10 (3.06) 0.2288 

   AGI 4 (0.79) 3 (0.92) 0.8467 

   Insulin 1 (0.20) 1 (0.31) 0.7565 

   RAS blockade 0 327 (100.00) <0.0001

      ACEi 0 24 (7.34) <0.0001

      ARB 0 306 (93.58) <0.0001

   Beta blocker  62 (12.28) 76 (23.24) <0.0001

   Diuretics 32 (6.34) 79 (24.16) <0.0001

   CCB 83 (16.44) 176 (53.82) <0.0001

   Statin 174 (34.46) 192 (58.72) <0.0001

   Fibrate 16 (3.17) 16 (4.89) 0.2064 

Values are presented as mean±standard deviation or number (%).
RAS, renin-angiotensin system; COVID-19, coronavirus disease 2019; COPD, chronic obstructive pulmonary disease; TZD, thiazolidinedione; 
DPP-4i, dipeptidyl peptidase-4 inhibitor; SGLT2i, sodium glucose cotransporter 2 inhibitor; AGI, alpha glucosidase inhibitor; ACEi, angioten-
sin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium-channel blocker.
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Supplementary Table 4. Clinical characteristics according to the use of RAS blockade in Korean COVID-19 patients with diabe-
tes based on the NHID-COVID database from the National Health Insurance Service of Korea

Characteristic No RAS blockade user (n=492) RAS blockade user (n=212) P value

Age group, yr 0.006
   <40 14 (2.8) 2 (0.9)
   40 to <50 48 (9.8) 7 (3.3)
   50 to <60 134 (27.2) 46 (21.7)
   60 to <70 155 (31.5) 75 (35.4)
   70 to <80 91 (18.5) 55 (25.9)
   ≥80 50 (10.2) 27 (12.7)
Male sex 200 (40.7) 84 (39.6) 0.864
Height, cm 161.0±8.9 159.1±8.4 0.007
Weight, kg 62.7±11.8 66.3±10.7 <0.001
BMI, kg/m2 24.1±3.3 26.1±3.3 <0.001
Waist circumference, cm 82.3±9.2 86.7±8.2 <0.001
SBP, mm Hg 122.7±14.8 132.8±15.2 <0.001
DBP, mm Hg 74.9±9.9 79.4±9.8 <0.001
Fasting glucose, mg/dL 116.9±49.5 124.1±36.8 0.035
Total cholesterol, mg/dL 192.3±41.0 182.5±40.0 0.003
Smoking 48 (9.8) 11 (5.2) 0.037
Drinking 41 (8.3) 16 (7.5) 0.633
Regular exercise 125 (25.4) 48 (22.6) 0.493
Hypertension 176 (35.8) 212 (100.0) <0.001
Dyslipidemia 427 (86.8) 204 (96.2) <0.001
Cardiovascular disease 353 (71.7) 161 (75.9) 0.290
Cerebrovascular disease 58 (11.8) 21 (9.9) 0.551
Chronic kidney disease 9 (1.8) 7 (3.3) 0.354
Asthma 123 (25.0) 65 (30.7) 0.143
COPD 28 (5.7) 16 (7.5) 0.445
Cancer 12 (2.4) 5 (2.4) 1.000
Medication
   Metformin 113 (23.0) 109 (51.4) <0.001
   Sulfonylurea 42 (8.5) 44 (20.8) <0.001
   Meglitinide 0 0 NA
   TZD 13 (2.6) 8 (3.8) 0.570
   DPP-4i 90 (18.3) 85 (40.1) <0.001
   SGLT2i 10 (2.0) 6 (2.8) 0.707
   AGI 0 2 (0.9) 0.166
   Insulin 0 0 NA
   RAS blockade 0 212 (100.0) <0.001
      ACEi 0 10 (4.7) <0.001
      ARB 0 202 (95.3) <0.001
   Beta blocker 25 (5.1) 29 (13.7) <0.001
   Diuretics 17 (3.5) 59 (27.8) <0.001
   CCB 48 (9.8) 100 (47.2) <0.001
   Statin 121 (24.6) 137 (64.6) <0.001
   Fibrate 7 (1.4) 8 (3.8) 0.090

Values are presented as number (%) or mean±standard deviation.
RAS, renin-angiotensin system; COVID-19, coronavirus disease 2019; NHID, National Health Information Database; BMI, body mass index; SBP, sys-
tolic blood pressure; DBP, diastolic blood pressure; COPD, chronic obstructive pulmonary disease; NA, not applicable; TZD, thiazolidinedione; DPP-4i, 
dipeptidyl peptidase-4 inhibitor; SGLT2i, sodium glucose cotransporter 2 inhibitor; AGI, alpha glucosidase inhibitor; ACEi, angiotensin-converting en-
zyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium-channel blocker.
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Supplementary Table 5. Clinical characteristics according to whether DPP-4i and RAS blockade were used in Korean COV-
ID-19 patients with diabetes based on the data from the National Health Insurance Review and Assessment Service of Korea

Characteristic
No RAS blockade,

no DPP-4i user 
(n=372)

RAS blockade 
only user 
(n=197)

DPP-4i 
only user 
(n=133)

Both DPP-4i and RAS 
blockade user   

(n=130)
P value

Age, yr 59.01±17.96 64.73±13.96 61.38±12.20 65.03±12.07 <0.0001

   <40 57 (15.32) 8 (4.06) 3 (2.26) 1 (0.77) <0.0001

   40 to <50 51 (13.71) 23 (11.68) 15 (11.28) 14 (10.77)

   50 to <60 74 (19.89) 40 (20.30) 34 (25.56) 27 (20.77)

   60 to <70 73 (19.62) 52 (26.40) 49 (36.84) 41 (31.54)

   70 to <80 71 (19.09) 41 (20.81) 21 (15.79) 34 (26.15)

   ≥80 46 (12.37) 33 (16.75) 11 (8.27) 13 (10.00)

Male sex 187 (50.27) 109 (55.33) 73 (54.89) 76 (58.46) 0.3596

Hypertension 175 (47.04) 196 (99.49) 67 (50.38) 130 (100.00) <0.0001

Dyslipidemia 303 (81.45) 180 (91.37) 124 (93.23) 123 (94.62) <0.0001

Cardiovascular disease 94 (25.27) 65 (32.99) 31 (23.31) 37 (28.46) 0.1611 

Cerebrovascular disease 44 (11.83) 20 (10.15) 18 (13.53) 23 (17.69) 0.2183 

Chronic kidney disease 44 (11.83) 60 (30.46) 24 (18.05) 34 (26.15) <0.0001

Asthma 112 (30.11) 54 (27.41) 39 (29.32) 34 (26.15) 0.8118 

COPD 39 (10.48) 12 (6.09) 8 (6.02) 13 (10.00) 0.1966 

Cancer 91 (24.46) 45 (22.84) 27 (20.30) 21 (16.15) 0.2420 

Medication

   Metformin 46 (12.37) 40 (20.30) 96 (72.18) 87 (66.92) <0.0001

   Sulfonylurea 16 (4.30) 14 (7.11) 47 (35.34) 52 (40.77) <0.0001

   Meglitinide 2 (0.54) 3 (1.52) 2 (1.50) 0 0.3462 

   TZD 4 (1.08) 4 (2.03) 13 (9.77) 20 (15.38) <0.0001

   DPP-4i 0 0 133 (100.00) 130 (100.00) <0.0001

   SGLT2i 8 (2.15) 10 (5.08) 1 (0.75) 0 0.0100 

   AGI 4 (1.08) 2 (1.02) 0 1 (0.77) 0.6934 

   Insulin 0 1 (0.51) 1 (0.75) 0 0.3550 

   RAS blockade 0 197 (100.00) 0 130 (100.00) <0.0001

      ACEi 0 18 (9.14) 0 6 (4.62) <0.0001

      ARB 0 182 (92.39) 0 124 (95.38) <0.0001

   Beta blocker 41 (11.02) 51 (25.89) 21 (15.79) 25 (19.23) <0.0001

   Diuretics 19 (5.11) 46 (23.35) 13 (9.77) 33 (25.38) <0.0001

   CCB 60 (16.13) 111 (56.35) 23 (17.29) 65 (50.00) <0.0001

   Statin 99 (26.61) 108 (54.82) 75 (56.39) 84 (64.62) <0.0001

   Fibrate 6 (1.61) 9 (4.57) 10 (7.52) 7 (5.38) 0.0118 

Values are presented as mean±standard deviation or number (%).
DPP-4i, dipeptidyl peptidase-4 inhibitor; RAS, renin-angiotensin system; COVID-19, coronavirus disease 2019; COPD, chronic obstructive 
pulmonary disease; TZD, thiazolidinedione; SGLT2i, sodium glucose cotransporter 2 inhibitor; AGI, alpha glucosidase inhibitor; ACEi, angio-
tensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium-channel blocker.
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Supplementary Table 6. Clinical characteristics according to the use of DPP-4i and/or RAS blockade in Korean COVID-19 pa-
tients with diabetes based on the NHID-COVID database from the National Health Insurance Service of Korea

Characteristic
No RAS blockade,

no DPP-4i user
(n=402)

RAS blockade 
only user  
(n=127)

DPP-4i 
only user 
(n=90)

Both DPP-4i and RAS 
blockade user  

(n=85)
P value

Age group, yr 0.062
   <40 13 (3.2) 2 (1.6) 1 (1.1) 0 
   40 to <50 41 (10.2) 4 (3.1) 7 (7.8) 3 (3.5)
   50 to <60 111 (27.6) 26 (20.5) 23 (25.6) 20 (23.5)
   60 to <70 118 (29.4) 41 (32.3) 37 (41.1) 34 (40.0)
   70 to <80 76 (18.9) 35 (27.6) 15 (16.7) 20 (23.5)
   ≥80 43 (10.7) 19 (15.0) 7 (7.8) 8 (9.4)
Male sex 155 (38.6) 46 (36.2) 45 (50.0) 38 (44.7) 0.133
Height, cm 160.9±8.8 158.6±8.2 161.4±9.4 159.8±8.6 0.341
Weight, kg 62.3±11.9 65.7±11.1 64.5±11.4 67.1±10.1 <0.001
BMI, kg/m2 23.9±3.4 26.0±3.4 24.6±2.9 26.2±3.1 <0.001
Waist circumference, cm 81.9±9.3 86.1±8.3 84.1±8.9 87.6±8.1 <0.001
SBP, mm Hg 122.5±14.7 133.0±14.1 123.6±15.4 132.6±16.8 <0.001
DBP, mm Hg 75.0±9.9 79.2±9.1 74.7±9.7 79.7±10.9 0.001
Fasting glucose, mg/dL 111.7±42.4 111.9±27.0 140.5±69.0 142.2±41.9 <0.001
Total cholesterol, mg/dL 195.6±40.4 186.0±42.7 177.7±40.6 177.2±35.2 <0.001
Smoking 40 (10.0) 7 (5.5) 8 (8.9) 4 (4.7) 0.262
Drinking 31 (7.7) 9 (7.1) 10 (11.1) 7 (8.2) 0.635
Regular exercise 96 (23.9) 30 (23.6) 29 (32.2) 18 (21.2) 0.316
Hypertension 144 (35.8) 127 (100.0) 32 (35.6) 85 (100.0) <0.001
Dyslipidemia 342 (85.1) 124 (97.6) 85 (94.4) 80 (94.1) <0.001
Cardiovascular disease 282 (70.1) 94 (74.0) 71 (78.9) 67 (78.8) 0.189
Cerebrovascular disease 47 (11.7) 12 (9.4) 11 (12.2) 9 (10.6) 0.893
Chronic kidney disease 5 (1.2) 4 (3.1) 4 (4.4) 3 (3.5) 0.181
Asthma 98 (24.4) 40 (31.5) 25 (27.8) 25 (29.4) 0.396
COPD 25 (6.2) 13 (10.2) 3 (3.3) 3 (3.5) 0.120
Cancer 10 (2.5) 2 (1.6) 2 (2.2) 3 (3.5) 0.837
Medication
   Metformin 37 (9.2) 42 (33.1) 76 (84.4) 67 (78.8) <0.001
   Sulfonylurea 14 (3.5) 17 (13.4) 28 (31.1) 27 (31.8) <0.001
   Meglitinide 0 0 0 0 NA
   TZD 5 (1.2) 2 (1.6) 8 (8.9) 6 (7.1) 0.055
   DPP-4i 0 0 90 (100.0) 85 (100.0) <0.001
   SGLT2i 10 (2.5) 6 (4.7) 0 0 0.055
   AGI 0 2 (1.6) 0 0 0.028
   Insulin 0 0 0 0 NA
   RAS blockade 0 127 (100.0) 0 85 (100.0) <0.001
      ACEi 0 6 (4.7) 0 4 (4.7) <0.001
      ARB 0 121 (95.3) 0 81 (95.3) <0.001
   Beta blocker 17 (4.2) 20 (15.7) 8 (8.9) 9 (10.6) <0.001
   Diuretics 12 (3.0) 33 (26.0) 5 (5.6) 26 (30.6) <0.001
   CCB 35 (8.7) 63 (49.6) 13 (14.4) 37 (43.5) <0.001
   Statin 68 (16.9) 84 (66.1) 53 (58.9) 53 (62.4) <0.001
   Fibrate 3 (0.7) 3 (2.4) 4 (4.4) 5 (5.9) 0.008

Values are presented as number (%) or mean±standard deviation.
DPP-4i, dipeptidyl peptidase-4 inhibitor; RAS, renin-angiotensin system; COVID-19, coronavirus disease 2019; NHID, National Health Information Database; 
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; COPD, chronic obstructive pulmonary disease; NA, not applicable; TZD, thia-
zolidinedione; SGLT2i, sodium glucose cotransporter 2 inhibitor; AGI, alpha glucosidase inhibitor; ACEi, angiotensin-converting enzyme inhibitor; ARB, angio-
tensin receptor blocker; CCB, calcium-channel blocker. 


