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Background: Inconsistent results have been observed regarding the independent effect of diabetes on the severity of coronavirus
disease 2019 (COVID-19). We conducted a nationwide population-based cohort study to evaluate the relationship between dia-
betes and COVID-19 severity in South Korea.

Methods: Patients with laboratory-confirmed COVID-19 aged 230 years were enrolled and medical claims data were obtained
from the Korean Health Insurance Review and Assessment Service. Hospitalization, oxygen treatment, ventilator application, and
mortality were assessed as severity outcomes. Multivariate logistic regression analyses were performed after adjusting for age, sex,
and comorbidities.

Results: Of 5,307 COVID-19 patients, the mean age was 56.0+14.4 years, 2,043 (38.5%) were male, and 770 (14.5%) had diabetes.
The number of patients who were hospitalized, who received oxygen, who required ventilator support, and who died was 4,986
(94.0%), 884 (16.7%), 121 (2.3%), and 211 (4.0%), respectively. The proportion of patients with diabetes in the abovementioned
outcome groups was 14.7%, 28.1%, 41.3%, 44.6%, showing an increasing trend according to outcome severity. In multivariate
analyses, diabetes was associated with worse outcomes, with an adjusted odds ratio (aOR) of 1.349 (95% confidence interval [CI],
1.099 to 1.656; P=0.004) for oxygen treatment, an aOR of 1.930 (95% CI, 1.276 to 2.915; P<0.001) for ventilator use, and an aOR
0f2.659 (95% CI, 1.896 to 3.729; P<0.001) for mortality.

Conclusion: Diabetes was associated with worse clinical outcomes in Korean patients with COVID-19, independent of other co-
morbidities. Therefore, patients with diabetes and COVID-19 should be treated with caution.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19), which is caused by a

novel virus severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), has had major effects worldwide [1]. Since the
first case was reported in Wuhan, China in December 2019, CO-
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VID-19 has spread globally, and as of on June 4, 2020 the total
number of COVID-19 cases reached 6,416,828 with 382,867 fa-
talities according to the World Health Organization (WHO) [2].

According to previous studies, risk factors for the severity of
COVID-19 are old age, male sex, high body mass index, and
chronic disease [3-5]. Since diabetes is a major risk factor for
other diseases caused by coronaviruses, such as severe acute
respiratory syndrome (SARS) and the Middle East respiratory
syndrome (MERS), special attention has been given to diabetes
[6,7]. Increased expression of angiotensin converting enzyme
2 (ACE2), the receptor of SARS-CoV-2, impairs innate and
adaptive immunity, and the presence of comorbidities other
than diabetes has been suggested to be a potential mechanism
of diabetes to affect the poor clinical outcomes of patients with
COVID-19 [8-11].

To date, several studies from different countries evaluated
the impact of diabetes on COVID-19 outcomes [3,5,12-20].
Without considering other comorbidities, most studies showed
a significant association between critical illness or death and
diabetes. However, in some of those studies, no such associa-
tion was found after adjusting for other risk factors [3,5,14,18].
Among the studies showing significant associations, the haz-
ard ratios varied substantially [16,17]. Most of these studies
were not conducted across different geographic areas and only
included hospitalized patients who had relatively severe condi-
tions. To better evaluate the impact of diabetes on the severity
of COVID-19, studies with larger and nationwide data are nec-
essary.

South Korea is regarded as a country that has successfully
coped with COVID-19 through accurate and aggressive testing;
more than one million tests were performed, revealing a 1.2%
positive rate and 2.4% mortality rate (as of June 4, 2020), which
implies that most cases were detected [21]. A retrospective
study of COVID-19 in South Korea has assessed the clinical
outcomes of patients with diabetes; however, it was conducted
at a single center and included a relatively small number pa-
tients (n=117) [19]. Therefore, we conducted a nationwide
population-based cohort study to evaluate the impact of diabe-
tes on severity outcomes among patients with COVID-19 in
South Korea.

METHODS

Study subjects
In South Korea, the national health coverage system covers ap-
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proximately 98% of the total national population, and the Ko-
rean Health Insurance Review and Assessment Service (HIRA)
is the government agency that reviews medical claims. For re-
search purposes, the South Korean government has shared de-
identified nationwide HIRA data on patients with COVID-19
with the public and researchers [22]. This contains data on all
patients who were thought to be infected with COVID-19 after
January 2020, including data on examinations, prescription
drugs, and diagnostic codes. The Korean Classification of Dis-
eases seventh revision (KCD-7), a modified version of the In-
ternational Classification of Disease (ICD-10), was used as the
diagnostic code. All patients with COVID-19 aged >30 years
were enrolled in this retrospective study, regardless of hospital-
ization. Among 11,018 patients with COVID-19 confirmed
prior to May 15, 2020, 7,590 patients were eligible after exclud-
ing subjects with missing claims data, and 5,307 patients aged
30 years or more were finally included in this cohort (Fig. 1)
[23].

COVID-19 tests

In South Korea, COVID-19 screening tests are performed with
a nasopharyngeal swab or sputum sample using a diagnostic
kit and real-time polymerase chain reaction. The South Korean
government guidelines on indications for the screening test are
as follows: (1) a person exhibiting a fever (=37.5°C) or respira-
tory symptoms (such as cough and shortness of breath) within
14 days of contact with a patient with confirmed COVID-19
during their symptom-exhibiting period; (2) a person suspect-
ed of COVID-19 according to a physician’s opinion, for rea-
sons such as pneumonia of unknown etiology; (3) a person
with an overseas travel history exhibiting a fever (>37.5°C) or
respiratory symptoms (such as cough and shortness of breath)
within 14 days of entry into South Korea; or (4) a person ex-
hibiting fever (>37.5°C) or respiratory symptoms (such as
cough and shortness of breath) within 14 days who has an epi-
demiological link to a domestic COVID-19 cluster [24]. As of
May 15, 2020, of the 726,747 tests performed, 11,018 test re-
sults were positive for COVID-19.

Disease definitions

Patients with diabetes were defined as those who had a pre-
scription of antidiabetic drugs in the year prior to diagnosis of
COVID-19. The following diagnostic codes were used to de-
fine other comorbidities: hypertension (HTN), 110-13 and I15;
dyslipidemia, E78; chronic kidney disease (CKD), N18-19;
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Fig. 1. Study enrollment of patients with coronavirus from Korean Health Insurance Review and Assessment Service (HIRA)
data. COVID-19, coronavirus disease 2019; RT-PCR, real-time polymerase chain reaction.

chronic obstructive pulmonary disease (COPD), J41-]J44; isch-
emic heart disease (IHD), 120-25; stroke, 1121-122; congestive
heart failure (CHF), I150; atrial fibrillation (AF), I48; end-stage
renal disease (ESRD), rare and incurable disease claim codes
V001, V003, V005. Cardiovascular disease (CVD) was defined
as a composite of IHD, stroke, and CHE Hospitalization, oxy-
gen treatment, ventilator use, and mortality were evaluated as
outcomes.

Statistical analysis

Continuous variables are presented as mean *standard devia-
tion, and categorical variables are presented as number and
proportion. Baseline characteristics were compared between
the diabetes and non-diabetes groups using the ¢-test and chi-
square test. To evaluate the association between diabetes and
the severity of outcomes, multivariate logistic regression analy-
ses was performed using several models: (1) Model 1, unad-
justed; (2) Model 2, age+sex; (3) Model 3: age+sex+HTN-+dysli
pidemia+CKD+COPD+CVD+AF+ESRD+cancer. In addi-
tion, we performed subgroup analyses stratified by sex, age (65
years), and CVD status. For all tests, a P value of <0.05 was
considered statistically significant. Statistical analyses were per-
formed using SAS version 9.4 (SAS Institute, Cary, NC, USA).

Ethical statement
This study was approved by the Institutional Review Board
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(IRB) of Kangbuk Samsung Hospital (IRB No. KBSMC 2020-
04-040). Patient data were de-identified and based on the Bio-
ethics and Safety Act in South Korea, the need for informed
consent from subjects was waived.

RESULTS

Baseline characteristics and clinical outcomes

The mean patient age was 56.0+14.4 years and 2,043 (38.5%)
were male. A total of 770 (14.5%) patients had diabetes. The
diabetes group included more older (65.4+ 11.8 years vs. 54.4+
14.2 years) and male (49.7% vs. 36.6%) patients than the non-
diabetes group (Table 1). All comorbidities, including HTN,
dyslipidemia, CKD, COPD, CVD, AE, ESRD, and cancer, were
more prevalent in the diabetes group than in the non-diabetes
group. In total, 4,986 (94.0%) patients were hospitalized, 884
(16.7%) patients underwent oxygen treatment, 121 (2.3%) pa-
tients required ventilator support, and 211 (4.0%) patients died
(Table 2). With the exception of hospitalization (P=0.118), all
severe outcomes were significantly higher in patients with dia-
betes than in those without diabetes (all P<0.001).

Clinical outcomes according to age group and
comorbidities

Patients with poor outcomes were significantly older than
those with good outcomes (all P<0.001), and age showed a

739



Moon SJ, et al.

dmj

Table 1. Baseline characteristics of patients with coronavirus disease 2019 according to diabetes status

Characteristic Total (n=5,307) Non-DM (n=4,537) DM (n=770) Pvalue
Sex <0.001
Male 2,043 (38.5) 1,660 (36.6) 383 (49.7)
Female 3,264 (61.5) 2,877 (63.4) 387 (50.3)
Age,yr
Mean 56.0+14.4 544+14.2 65.4+11.8 <0.001
Range <0.001
30-39 777 (14.6) 763 (16.8) 14(1.8)
40-49 1,008 (19.0) 961 (21.2) 47 (6.1)
50-59 1,502 (28.3) 1,316 (29.0) 186 (24.2)
60-69 1,056 (19.9) 813 (17.9) 243 (31.6)
70-79 591 (11.1) 409 (9.0) 182 (23.6)
80-89 311 (5.9) 221 (4.9) 90 (11.7)
>90 62(1.2) 54 (1.2) 8(1.0)
Comorbidities
DM 770 (14.5) 0 770 (100) <0.001
HTN 1,666 (31.4) 1,137 (25.1) 529 (68.7) <0.001
Dyslipidemia 1,747 (32.9) 1,148 (25.3) 599 (77.8) <0.001
CKD 96 (1.8) 46 (1.0) 50 (6.5) <0.001
COPD 589 (11.1) 471 (10.4) 118 (15.3) <0.001
CVD 635 (12.0) 415(9.2) 220 (28.6) <0.001
AF 100 (1.9) 71(1.6) 29(3.8) <0.001
ESRD 22(0.4) 11(0.2) 11(1.4) <0.001
Cancer 211 (4.0) 166 (3.7) 45 (5.8) 0.004

Values are presented as number (%) or mean + standard deviation.

DM, diabetes mellitus; HTN, hypertension; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CVD, cerebrovascu-

lar disease; AF, atrial fibrillation; ESRD, end-stage renal disease.

Table 2. Clinical outcomes of patients with coronavirus disease 2019 according to diabetes status

Variable Total (n=5,307) Non-DM (n=4,537) DM (n=770) Pvalue
Hospitalization 4,986 (94.0) 4,253 (93.7) 733(95.2) 0.118
Oxygen treatment 884 (16.7) 636 (14.0) 248 (32.2) <0.001
Ventilator support 121 (2.3) 71 (1.6) 50 (6.5) <0.001
Death 211 (4.0) 117 (2.6) 94 (12.2) <0.001

Values are presented as number (%).
DM, diabetes mellitus.

tendency toward increasing as outcomes worsened from sim-
ple hospitalization to death (56.2+14.5, 67.8+13.6, 68.8+11.0,
and 77.4£10.8 years, respectively) (Table 3). There were more
male subjects in groups with poor outcomes than in groups
with good outcomes.

740

The number of patients with HTN, CVD, and cancer was
higher in the hospitalized group, but there was no correlation
with other comorbidities. With regard to other severe out-
comes (oxygen, ventilator support, and death), all comorbidi-
ties were associated with worse clinical outcomes. The propor-
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Table 4. Logistic regression analyses for the risk of clinical outcomes according to diabetes status

Model 1 Model 2 Model 3
Variable
OR (95% CI) Pvalue OR (95% CI) Pvalue OR (95% CI) Pvalue
Hospitalization 1.323(0.931-1.879) 0.119 1.102 (0.763-1.592) 0.603 1.071 (0.722-1.588) 0.735
Oxygen supply 2.914 (2.452-3.464) <0.001 1.586 (1.314-1.915) <0.001 1.349 (1.099-1.656) 0.004
Ventilator apply 4.369 (3.017-6.327) <0.001 2.542 (1.734-3.725) <0.001 1.930 (1.276-2.915) <0.001
Death 5.254 (3.958-6.974) <0.001 2.906 (2.129-3.966) <0.001 2.659 (1.896-3.729) <0.001

Model 1: Unadjusted; Model 2: Adjusted for age+sex; Model 3: Adjusted for age+sex+hypertension+dyslipidemia+chronic kidney disease+
chronic obstructive lung disease+cardiovascular disease-+atrial fibrillation+end-stage renal disease+cancer.

OR, odds ratio; CI, confidence interval.

Table 5. Associations between diabetes and COVID-19 severity across subgroups stratified by sex, age, and CVD status

Variable OR (95% CI) Pvalue OR (95% CI) Pvalue P for interaction
Sex Male Female
Hospitalization 1.554 (0.846-2.855) 0.156 0.782 (0.465-1.313) 0.352 0.084
Oxygen treatment 1.349 (1.007-1.808) 0.045 1.359 (1.019-1.813) 0.037 0.529
Ventilator support 1.946 (1.126-3.365) 0.017 1.901 (1.008-3.582) 0.047 0.740
Death 2.248 (1.400-3.610) <0.001 3.054 (1.869-4.991) <0.001 0.357
Age <65yr 265 yr
Hospitalization 1.113 (0.668-1.853) 0.681 0.983 (0.523-1.850) 0.959 0.602
Oxygen treatment 1.701 (1.247-2.321) <0.001 1.131(0.867-1.477) 0.364 <0.001
Ventilator support 1.464 (0.690-3.105) 0.320 1.953 (1.180-3.232) 0.009 0.925
Death 3.061 (1.261-7.435) 0.014 2.553 (1.763-3.699) <0.001 0.246
CVD Non-CVD CVD
Hospitalization 1.265 (0.796-2.011) 0.321 0.654 (0.284-1.504) 0.318 0.122
Oxygen treatment 1.359 (1.064-1.735) 0.014 1.369 (0.938-1.998) 0.103 0.662
Ventilator support 1.569 (0.964-2.555) 0.070 3.536 (1.443-8.664) 0.006 0.092
Death 2.775 (1.789-4.302) <0.001 2.800 (1.590-4.930) <0.001 0.572

Model adjusted for age+sex+hypertension+dyslipidemia+chronic kidney disease+chronic obstructive lung disease+cardiovascular disease+

atrial fibrillation+end-stage renal disease+cancer.

COVID-19, coronavirus disease 2019; CVD, cardiovascular disease; OR, odds ratio; CI, confidence interval.

tion of patients with diabetes showed a positive correlation
with severity of outcomes, accounting for 14.7%, 28.1%, 41.3%,
and 44.6% in the hospitalization, oxygen, ventilator support,
and death groups, respectively.

Risk of poor clinical outcomes according to diabetes status
The results of logistic regression analyses for severe outcomes
according to diabetes status are shown in Table 4. In both uni-
variate and multivariate analyses, the presence of diabetes did
not increase risk for hospitalization. In contrast, the presence
of diabetes significantly increased the risks for all other poor
clinical outcomes, even after adjustment for covariates and co-
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morbidities, although the odds ratios (ORs) were attenuated
after full adjustment, with an adjusted odds ratio (aOR) of
1.349 (95% confidence interval [CI], 1.099 to 1.656; P=0.004)
for oxygen treatment, an aOR of 1.930 (95% CI, 1.913 to 1.946;
P<0.001) for ventilator support, and an aOR of 2.659 (95% CI,
1.896 to 3.729; P<0.001) for mortality. In subgroup analyses
stratified by sex, age (65 years), and CVD status, death was sig-
nificantly associated with diabetes in all subgroups, and there
was no significant difference in the association between mor-
tality and diabetes in male and female patients, those aged <65
and 265 years, or non-CVD and CVD groups (Table 5).

Diabetes Metab ] 2020;44:737-746  https://e-dmj.org
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DISCUSSION

We performed a nationwide population-based cohort study
evaluating the impact of diabetes on the severity of COV-
ID-19. Among 5,307 patients with COVID-19 aged =30 years,
14.5% had diabetes, and a gradual increasing tendency was
shown in the proportion of diabetes with increasing severity of
outcomes. Despite a non-significant association with hospital-
ization, diabetes was significantly associated with the need for
oxygen treatment, ventilator support, and mortality even after
adjusting for other comorbidities, with ORs of 1.349, 1.930,
and 2.659, respectively.

COVID-19 is caused by SARS-CoV-2, which is a single-
strand enveloped RNA virus and the seventh known human
coronavirus [25]. Other human coronaviruses include SARS
coronavirus (SARS-CoV) and MERS coronavirus (MERS-
CoV), which caused SARS in 2002 and MERS in 2012, respec-
tively [26]. Similar to SARS-CoV and MERS-CoV, the primary
source of SARS-CoV-2 is thought to be bats; it is believed to
have moved to an intermediate host (probably a pangolin) be-
fore transmission to humans [27]. In all pandemic diseases
caused by coronaviruses, diabetes was associated with worse
outcomes [6,7]. Several potential mechanisms by which diabe-
tes affects poor outcomes in patients with COVID-19 have
been suggested [8,28]. These include (1) increased expression
of ACE2 (the receptor of SARS-CoV-2) in diabetes, which has
been confirmed in animal studies [11]; (2) poor glycemic con-
trol [28]; (3) decreased viral clearance due to impaired innate
and adaptive immunity [10]; (4) vulnerability to cytokine
storm syndrome [9]; and (5) the presence of other comorbidi-
ties, such as CVD.

Hence, international diabetes associations have suggested
strict glycemic control to defend against COVID-19, and the
American Diabetes Association has created a platform for
health professionals to share and discuss their COVID-19 ex-
perience [29]. The United States Centers for Disease Control
and Prevention classified patients with diabetes as a high-risk
group for severe COVID-19 [30]. The Korean Diabetes Asso-
ciation (KDA) has proposed prioritizing COVID-19 screening
in elderly (aged =70 years) patients with diabetes, based on
data that showed a high proportion of patients with diabetes
among patients with COVID-19.

Recently, several previous studies have assessed the associa-
tion between diabetes and poor prognosis in patients with
COVID-19. Most results of univariate analyses have shown a
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positive association between diabetes and severe outcomes
[3,5,12-17,19,20]. However, after adjusting for comorbidities,
this association disappeared in many studies (Supplementary
Table 1). In a large prospective cohort study of 2,729 hospital-
ized patients with COVID-19 in the United States, the multi-
variate aOR of diabetes for mortality was 1.23 (95% CI, 0.99 to
1.50), which was not significant [3]. In another United States
study conducted in 257 critically-ill patients with COVID-19,
no significant association between diabetes and mortality was
shown, with an adjusted hazard ratio (aHR) for mortality of
1.31 (95% CI, 0.81 to 2.10) [5]. Furthermore, another United
States study involving 200 hospitalized patients with COV-
ID-19 also failed to show a significant association between dia-
betes and mortality, with an aHR of 1.16 (95% CI, 0.55 to 2.44)
[18]. In a large prospective cohort study in the United King-
dom, the multivariate aHR for death was 1.06 (95% CI, 0.99 to
1.14) among 15,194 hospitalized patients with COVID-19;
however, no significant association was found [20]. In China,
one study including 306 age- and sex-matched hospitalized
patients with COVID-19 showed no significant aHR for mor-
tality (1.58; 95% CI, 0.84 to 2.99) [14].

In contrast, in another multivariate study in China, diabetes
was significantly associated with a composite outcome of in-
tensive care unit (ICU) admission, ventilator use, and mortali-
ty among 1,590 hospitalized patients with COVID-19 (aHR,
1.59; 95% CI, 1.03 to 2.45) [16], while another Chinese study
of 453 hospitalized patients with COVID-19 showed a relative-
ly high aHR of 4.63 (95% CI, 1.02 to 21.0) for mortality in pa-
tients with diabetes compared to normoglycemic patients [17].
A study conducted in Italy of 59 hospitalized patients with
COVID-19 also showed a relatively strong association between
diabetes and a composite outcome of ICU admission, ventila-
tor use, and death, with an aHR of 5.81 (95% CI, 1.74 to 19.61)
[13]. Moreover, a study of 117 hospitalized patients with COV-
ID-19 in South Korea showed a significant association between
diabetes and severe outcomes (composite of acute respiratory
distress syndrome, septic shock, and ICU care), with an aOR of
10.77 (95% CI, 3.00 to 38.73) [19].

Despite these discrepancies, most large cohort studies in
various countries have shown no significant association be-
tween diabetes and severe outcomes (Supplementary Table 1).
However, the present study suggested a significant indepen-
dent association between diabetes and the severity of COV-
ID-19. This difference may be due to the lower mortality rate
of COVID-19 in South Korea (3.98% in this study) than in
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other countries and the fact that more patients with relatively
non-severe COVID-19 were included in this cohort. Given the
global, large-scale outbreak of COVID-19, the high mortality
rates seen in several studies may be because the patients in-
volved were hospitalized at advanced stages of COVID-19, and
limited medical resources may have prevented adequate treat-
ment. In this case, it can be assumed that many deaths occur
regardless of comorbidities. On the other hand, studies with
low mortality, including this study, are conducted in relatively
stable situations, and we believe that they better reflect the ef-
fects of comorbidities on disease severity. As shown in Supple-
mentary Table 1, the mortality rate in studies that showed no
significant findings was as high as 15.4% to 39% [3,5,14,18,20].
However, other studies reporting a positive association have
shown a substantially lower mortality rate of 3.1% to 10.2%
[13,16,17,19], which supports our hypothesis to some extent.

To the best of our knowledge, this South Korean study is the
first study conducted in a national population evaluating the
impact of diabetes on the severity of COVID-19 outcomes.
Moreover, South Korea is regarded as one of the most success-
ful countries with regard to managing the COVID-19 pan-
demic, and national data can be interpreted as originating
from a relatively well-controlled and stable situation. Since a
substantial number of COVID-19 tests were performed in
South Korea, and aggregate national data were included, we
believe that the results of the present study are more reflective
of the real-life situation.

Several limitations should be considered. Due to the nature
of claims data, laboratory results were absent, and disease defi-
nitions were based solely on the diagnostic codes or prescrip-
tion data. Since we defined patients with diabetes as those who
had a prescription for anti-diabetes drugs, patients with diabe-
tes who were not on medication may have been assigned to the
non-diabetes group in this study. However, we expect the
number of these patients to be small. In addition, since there
was a time lag between actual medical practice and medical
claims, there is a possibility that non-collected claims data were
missed. However, we believe that missing claims data will oc-
cur randomly and are not likely to significantly affect our find-
ings. In addition, due to policy in South Korea, most patients
with confirmed COVID-19 are hospitalized for treatment re-
gardless of severity, and the proportion of hospitalization was
high. Therefore, this should be taken into account when inter-
preting the results, especially regarding the outcome of hospi-
talization.
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In conclusion, in this nationwide population-based cohort
study of patients with COVID-19 in South Korea, diabetes was
associated with worse clinical outcomes in patients with COV-
ID-19 independent of other comorbidities. After full adjust-
ment for comorbidities, the OR for mortality in patients with
diabetes was 2.66, which was higher than reported in previous
observational studies conducted in other countries with higher
mortality rates. Therefore, the importance of caution regarding
patients with diabetes, who are vulnerable to COVID-19, can-
not be overemphasized, and gathering further experience and
knowledge globally will improve our understanding of how
comorbidities affect COVID-19 severity and will facilitate the
development of more effective treatment strategies in vulnera-
ble patients.
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