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Background: Coronavirus disease 2019 (COVID-19) can cause various extrapulmonary sequelae, including diabetes. However, it is 
unclear whether these effects persist 30 days after diagnosis. Hence, we investigated the incidence of newly diagnosed type 2 diabe-
tes mellitus (T2DM) in the post-acute phase of COVID-19.
Methods: This cohort study used data from the Health Insurance Review and Assessment Service, a representative national health-
care database in Korea. We established a cohort of 348,180 individuals diagnosed with COVID-19 without a history of diabetes be-
tween January 2020 and September 2021. The control group consisted of sex- and age-matched individuals with neither a history of 
diabetes nor COVID-19. We assessed the hazard ratios (HR) of newly diagnosed T2DM patients with COVID-19 compared to con-
trols, adjusted for age, sex, and the presence of hypertension and dyslipidemia.
Results: In the post-acute phase, patients with COVID-19 had an increased risk of newly diagnosed T2DM compared to those with-
out COVID-19 (adjusted HR, 1.30; 95% confidence interval [CI], 1.27 to 1.33). The adjusted HRs of non-hospitalized, hospitalized, 
and intensive care unit-admitted patients were 1.14 (95% CI, 1.08 to 1.19), 1.34 (95% CI, 1.30 to 1.38), and 1.78 (95% CI, 1.59 to 
1.99), respectively. The risk of T2DM in patients who were not administered glucocorticoids also increased (adjusted HR, 1.29; 95% 
CI, 1.25 to 1.32).
Conclusion: COVID-19 may increase the risk of developing T2DM beyond the acute period. The higher the severity of COVID-19 
in the acute phase, the higher the risk of newly diagnosed T2DM. Therefore, T2DM should be included as a component of managing 
long-term COVID-19.
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INTRODUCTION

The global coronavirus disease 2019 (COVID-19) pandemic 
has also changed the epidemiology of non-infectious diseases 
[1]. Moreover, the decrease in physical activity due to social 
distancing has led to a sharp increase in the overall prevalence 
of overweight and obesity [2]. Isolation to prevent the spread of 
COVID-19, or drugs such as glucocorticoids to prevent acute 
exacerbation of COVID-19 may also worsen metabolic profiles, 
such as blood glucose, in patients with COVID-19 [3,4]. More-
over, recent evidence suggests that COVID-19 may affect vari-
ous organs in the body even after 30 days, the acute phase of in-
fection, increasing the risk of non-communicable diseases in the 
extrapulmonary organs [5]. Several studies have shown that au-
toimmunity against pancreatic beta cells increased after COV-
ID-19 which may also increase the risk of type 1 diabetes [6,7]. 
Additionally, small-scale studies have suggested that COV-
ID-19 might increase the incidence of type 2 diabetes mellitus 
(T2DM) [8,9], and recent large cohort studies from national 
healthcare databases have also shown a risk of developing dia-
betes [10-12]. Despite this growing evidence, there are few 
large-scale nationwide studies on the effects of COVID-19 on 
the incidence of T2DM across all ages and sexes. Hence, a de-
tailed assessment of the risk and burden of T2DM is required to 
establish a post-acute healthcare strategy for COVID-19. This 
correlation can also provide critical evidence for understanding 
the pathophysiology of various organs after an acute phase of 
COVID-19. Accordingly, this study aimed to investigate the as-
sociation between COVID-19 and the incidence of newly diag-
nosed T2DM, using a representative nationwide population-
based healthcare database in Korea.

METHODS

Data source 
This retrospective cohort study was performed using the Health 
Insurance Review and Assessment Service (HIRA) database of 
Korea. Briefly, all hospitals and clinics in Korea provide the 
medical records of all patients covered by the National Health 
Insurance and Medical Aid to the HIRA office for reimburse-
ment. Therefore, the HIRA claims database includes more than 
99% of the Korean population and is composed of six domains 
(general information, healthcare services, diagnosis, outpatient 
prescriptions, drug information, and provider information). CO-
VID-19-related outcomes and death records of patients with 
COVID-19 from January 20th (the date of the first confirmed 

case) were also shared with the researchers in South Korea. All 
patient-related records used in this study were anonymized to 
ensure confidentiality. This study was approved by the Institu-
tional Review Board of the HIRA (IRB No. 2022-082). The re-
quirement for informed consent was waived because all data 
were anonymized.

Study design and population
All patients with COVID-19 who had the International Statisti-
cal Classification of Diseases and Related Health Problems, 
10th revision (ICD-10) diagnostic codes indicating COVID-19 
of B34.2 (coronavirus infection, unspecified site), U18.1 (novel 
coronavirus infection), U07.1 (COVID-19, virus identified), 
U07.2 (COVID-19, virus not identified) between January 2020 
and September 2021 were included in this study. Generally, the 
acute infectious phase of COVID-19 is considered to occur 
within 30 days of diagnosis. Thus, 30 days after the diagnosis of 
COVID-19 was used as the index date. A total of 432,795 adults 
aged 19 to 89 years were diagnosed with COVID-19 during the 
study period. Among them, those who were diagnosed with dia-
betes (ICD codes: E10–E14) and visited the clinic more than 
twice a year before the index date or died in the acute period 
were excluded (n=84,615). Finally, 348,180 individuals were 
included in the COVID-19 exposure group (COVID-19+); the 
COVID-19 non-exposure group (COVID-19−), which is the 
control group, included age- and sex-matched subjects with 
those of COVID-19+ at the index date in a 1:3 ratio with the 
general population without a history of both COVID-19 and any 
type of diabetes (n=1,044,540) (Fig. 1). Newly diagnosed 
T2DM was defined as patients who were first diagnosed with 
T2DM after the index date and visited a clinic more than twice 
a year for T2DM. The ICD-10 codes for T2DM included E11–
E14. Each individual was followed from the index date to the 
earliest occurrence of newly diagnosed T2DM, death, or the end 
of the study period (April 30, 2022).

Outcomes and covariates
The primary outcome of this study was the incidence ratio of 
newly diagnosed T2DM in the COVID-19+ group compared to 
that in the COVID-19− after the index date. As a secondary out-
come, we compared the incidence of newly diagnosed T2DM 
according to the severity of COVID-19. For this analysis, the 
patients in the COVID-19+ group were categorized into non-
hospitalized, hospitalized, or admitted to an intensive care unit 
(ICU) for the treatment of COVID-19 during the acute phase. 
We also compared the incidence of newly diagnosed T2DM 
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with or without glucocorticoid use, categorized according to the 
dosage, during the acute phase. A history of hypertension and 
dyslipidemia was investigated to determine the most common 
comorbidities of T2DM. Hypertension (ICD-10 codes: I10–I15) 
and dyslipidemia (ICD-10 codes: E78) were defined as the pres-
ence of appropriate ICD-10 codes at least twice on a different 
date within 1 year prior to the index date.

Statistical analysis 
The characteristics of patients in both groups were presented as 
actual numbers with percentage (%) for categorical variables 
and mean with standard deviation for continuous variables. In-
dependent t tests and chi-square analyses were used to compare 
the clinical characteristics of the two groups. A Cox proportion-
al hazards regression model for matched data after adjustment 
for comorbidities was used to evaluate the relative hazard for 
events in the COVID-19+ group considering the control group 
as a reference, and the relative hazards are presented as hazard 
ratios (HRs) and 95% confidence intervals (CIs). The cumula-
tive incidence of newly diagnosed T2DM according to the oc-
currence of COVID-19 was analyzed using Kaplan-Meier esti-
mates, and the log-rank test was performed to compare differ-
ences among the groups. All statistical analyses were performed 
using R 4.1.1 (R Foundation for Statistical Computing, Vienna, 
Austria), and a two-sided P<0.05 was considered statistically 
significant.

RESULTS

Baseline characteristics
The demographic characteristics, comorbidities, and follow-up 
period of COVID-19+ and COVID-19− are provided in Table 1. 
A total of 1,392,720 Korean adults were recruited from January 
1, 2020, to September 30, 2021; 348,180 were COVID-19+ and 
1,044,540 were COVID-19−. The mean age at infection was 
43.3 years, and the proportion of males was 49.7%. The preva-
lence of hypertension in the COVID-19+ and COVID-19− 
groups was 15.3% and 12.3%, respectively, and that of dyslipid-
emia was 18.7% and 14.0%, respectively. Both diseases were 
higher in COVID-19+ patients despite the age and sex ratios of 
the two groups being the same. Among the patients in the COV-
ID-19+ group, 84.1% never used glucocorticoids, 5.1% were 
given prednisolone at an equivalent dose of <60 mg, 7.5% at 60 
to 419 mg, and 3.3% at ≥420 mg. The median follow-up dura-
tion was 11.1 months (interquartile range [IQR], 7.8 to 15.7) in 
the COVID-19+ and 11.2 months (IQR, 7.8 to 15.7) in the CO-
VID-19− groups.

Risk and burden of newly diagnosed T2DM according to 
COVID-19 status
In the post-acute period of COVID-19, the incidence of newly 
diagnosed T2DM in the COVID-19+ group was 2.95 per 100 
person-years (95% CI, 2.90 to 3.01), and in the COVID-19− 

COVID-19+ adults 
(aged 19–89)
(n=432,795)

COVID-19+ adults 
without previous DM

(n=348,180) Matching control at 
1:3 by age and sex on the 

index date 

COVID-19– adults 
without previous DM

(n=1,044,540)

New T2DM New T2DM No DM No DM

Excluded
(n=84,615)

History of previous DM
or

Died in the acute period

Fig. 1. Study flow for cohort selection and matched control. COVID-19, coronavirus disease 2019; COVID-19+, COVID-19 exposure 
group; COVID-19−, COVID-19 non-exposure control group; DM, diabetes mellitus; T2DM, type 2 diabetes mellitus.
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group was 2.07 per 100 person-years (95% CI, 2.05 to 2.10). 
The patients in the COVID-19+ group had an increased risk 
(HR, 1.42; 95% CI, 1.39 to 1.46) of newly diagnosed T2DM 
compared to those in the COVID-19− group. Even when adjust-
ed for hypertension and dyslipidemia, the adjusted HR was 1.30 

(95% CI, 1.27 to 1.33), indicating an increased risk of newly di-
agnosed T2DM in the COVID-19+ group (Table 2). This in-
creased risk of developing T2DM for patients in the COV-
ID-19+ group persisted for about 2 years: HR, 1.25 (95% CI, 
1.21 to 1.29) at 6 months; HR, 1.26 (95% CI, 1.21 to 1.31) at 1 

Table 2. Risk and Burden of Newly Diagnosed T2DM in the COVID-19 Group Compared with the Control Group

Variable Total COVID-19+ COVID-19– P value

Total no. of subjects 1,392,720 348,180 1,044,540

Newly diagnosed T2DM 33,339 10,668 22,671

Follow-up duration, person-yr 1,455,356 361,223 1,094,133

Incidence rate, /100 person-yr 2.29 (2.27–2.32)b 2.95 (2.90–3.01)b 2.07 (2.05–2.10)b

HR 1.42 (1.39–1.46)b 1 (reference) <0.001

Adjusted HRa 1.30 (1.27–1.33)b <0.001

T2DM, type 2 diabetes mellitus; COVID-19, coronavirus disease 2019; COVID-19+, COVID-19 exposure group; COVID-19–, COVID-19 non-expo-
sure control group; HR, hazard ratio.
aAdjusted for the presence of comorbidities (hypertension and dyslipidemia); bNumbers in parentheses indicate 95% confidence intervals.

Table 1. Baseline Characteristics of COVID-19+ and Age- and Sex-Matched COVID-19− Group

Characteristic Total COVID-19+ COVID-19− P value

No. of subjects 1,392,720 348,180 1,044,540

Age, yr 43.3±16.3 43.3±16.3 43.3±16.3 >0.999

   19–29 25.5 25.5 25.5

   30–39 20.4 20.4 20.4

   40–49 19.5 19.5 19.5

   50–59 17.1 17.1 17.1

   60–69 10.6 10.6 10.6

   70–89 7.0 7.0 7.0

Male sex, % 49.7 49.7 49.7 >0.999

Comorbidities, %

   Hypertension 13.1 15.3 12.3 <0.001

   Dyslipidemia 15.2 18.7 14.0 <0.001

Glucocorticoid usea, %

   None 84.1

   <60 mg 5.1

   60–419 mg 7.5

   ≥420 mg 3.3

Follow-up, mo

   Mean±SD 12.5±5.8 12.4±5.8 12.6±5.8 <0.001

   Median (IQR) 11.2 (7.8–15.7) 11.1 (7.8–15.7) 11.2 (7.8–15.7)

Values are expressed as mean±standard deviation or percentage.
COVID-19, coronavirus disease 2019; COVID-19+, COVID-19 exposure group; COVID-19−, COVID-19 non-exposure control; SD, standard deviation; 
IQR, interquartile range.
aTotal dose of glucocorticoids within 30 days after diagnosis of COVID-19, prednisolone equivalent. 
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year; HR, 1.49 (95% CI, 1.41 to 1.59) at 18 months; HR, 1.75 
(95% CI, 1.57 to 1.95) at 2 years (Fig. 2).

Next, we evaluated whether COVID-19 affects the incidence 
of newly diagnosed T2DM according to sex, age, COVID-19 
severity, and glucocorticoid use in the acute phase. The patients 

in the COVID-19+ group had an increased risk of newly diag-
nosed T2DM compared to those in the COVID-19− group, for 
both males (adjusted HR, 1.32; 95% CI, 1.28 to 1.36) and fe-
males (adjusted HR, 1.29; 95% CI, 1.25 to 1.33). The patients in 
the COVID-19+ group also had an increased risk of newly diag-
nosed T2DM compared to those in the COVID-19− group, irre-
spective of their age (i.e., in both young adults [<50 years old] 
and older adults [≥50 years old]). However, the HR of young 
adults (adjusted HR, 1.54; 95% CI, 1.48 to 1.61) was slightly 
higher than that of older adults (adjusted HR, 1.19; 95% CI, 1.16 
to 1.22). The HRs increased with the increasing severity of CO-
VID-19 in the acute phase: non-hospitalized (adjusted HR, 1.14; 
95% CI, 1.08 to 1.19), hospitalized (adjusted HR, 1.34; 95% CI, 
1.30 to 1.38), and ICU-admitted patients (adjusted HR, 1.78; 
95% CI, 1.59 to 1.99). However, there was an increased risk of 
newly diagnosed T2DM in all subgroups classified according to 
the severity of COVID-19 in the acute phase, even in mild cases 
that did not require hospitalization. In addition, the HRs were 
slightly higher for the glucocorticoid users than non-users in the 
COVID-19+ group, and this increase was not dose-dependent. 
However, the HR of the glucocorticoid non-users was also high-
er (adjusted HR, 1.29; 95% CI, 1.25 to 1.32) (Table 3).

Table 3. Risks of Newly Diagnosed Type 2 Diabetes according to the Severity of COVID-19 in the Acute Phase, Sex, and Age Com-
pared with the Control Group

Variable HR (95% CI) P value Adjusted HR (95% CI)a P value

Severity of COVID-19b

   Non-hospitalized 1.25 (1.19–1.31) <0.001 1.14 (1.08–1.19) <0.001

   Hospitalized, but not ICU 1.47 (1.43–1.50) <0.001 1.34 (1.30–1.38) <0.001

   ICU-admitted 1.98 (1.77–2.22) <0.001 1.78 (1.59–1.99) <0.001

Sexb

   Male 1.46 (1.41–1.51) <0.001 1.32 (1.28–1.36) <0.001

   Female 1.39 (1.34–1.43) <0.001 1.29 (1.25–1.33) <0.001

Age, %c

   <50 yr 1.75 (1.69–1.83) <0.001 1.54 (1.48–1.61) <0.001

   ≥50 yr 1.30 (1.26–1.34) <0.001 1.19 (1.16–1.22) <0.001

Glucocorticoid used, %

   None 1.39 (1.36–1.43) <0.001 1.29 (1.25–1.32) <0.001

   <60 mg 1.66 (1.51–1.82) <0.001 1.43 (1.30–1.57) <0.001

   60–419 mg 1.52 (1.41–1.63) <0.001 1.37 (1.27–1.47) <0.001

   ≥420 mg 1.50 (1.36–1.65) <0.001 1.34 (1.21–1.48) <0.001

COVID-19, coronavirus disease 2019; HR, hazard ratio; CI, confidence interval; ICU, intensive care unit.
aAdjusted for the presence of comorbidities (hypertension and dyslipidemia); bCompared to the total subjects in the control group; cCompared to the sub-
group with the same sex in the control group; dTotal dose of glucocorticoids within 30 days after diagnosis of COVID-19, prednisolone equivalent.

Fig. 2. Kaplan-Meier curve for the cumulative incidence of newly 
diagnosed type 2 diabetes mellitus according to the status of coro-
navirus disease 2019 (COVID-19). COVID-19+, COVID-19 expo-
sure group; COVID-19−, COVID-19 non-exposure control group.
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DISCUSSION

To the best of our knowledge, our analysis is the first to exam-
ine the impact of COVID-19 on the incidence of T2DM using a 
representative nationwide healthcare database that includes 
most Koreans. We analyzed the HRs of T2DM incidence in pa-
tients with COVID-19 using a control group matched for age, 
sex, and the presence of metabolic comorbidities such as hyper-
tension and dyslipidemia.

Our findings show that the risk and burden of incident T2DM 
increased in the post-acute phase of COVID-19 among Korean 
adults, which is consistent with a recent analysis using the na-
tional healthcare database from the U.S. Veterans Health Ad-
ministration and another by the U.S. Centers for Disease Con-
trol (US-CDC) [11,12]. In recent cohort studies, patients with 
COVID-19 also had a higher risk of developing T2DM than 
those with other acute upper respiratory infections [10,13]. In 
contrast, a recent cohort study conducted in the UK showed that 
the incidence of diabetes increased up to 12 weeks, but not from 
13 to 52 weeks, after COVID-19 [14]. However, the increased 
risk of developing T2DM in patients with COVID-19 persisted 
from 13 weeks to approximately 2 years in our study. Therefore, 
T2DM needs to be considered as a component of the conse-
quences of long COVID-19 and attention should be paid in 
terms of diabetic management. 

In subgroup analysis, there was a significant increase in the 
incidence of T2DM according to the severity of COVID-19 in 
the acute phase, which was also consistent with other cohort 
studies [11,12]. The higher incidence of T2DM in patients who 
were hospitalized might be related to changes in the counterreg-
ulatory hormones of insulin, such as catecholamine or cortisol 
during the acute infection, or drugs such as glucocorticoids used 
to prevent acute exacerbation of COVID-19 [15]. However, 
there was a significantly increased risk of T2DM even in as-
ymptomatic or mild COVID-19 patients who did not require 
hospitalization. The burden is substantial and not trivial, al-
though it shows a lower HR, given the high prevalence of CO-
VID-19 and that most of these patients are not hospitalized. 
Taken together, these results suggest that long-term follow-up 
for T2DM might be necessary, even in patients who have expe-
rienced mild COVID-19 in the acute phase.

Currently, standard care for patients requiring hospitalization 
and oxygenation for severe COVID-19 includes glucocorticoid 
therapy [16]. The use of glucocorticoids might increase the risk 
of hyperglycemia and new-onset diabetes, depending on the 
dose and duration [17]. In the Randomized Evaluation of Cov-

id-19 Therapy (RECOVERY) trial, which included 24% of pa-
tients with diabetes, hyperglycemia due to short-term glucocor-
ticoid use was observed only in two among 2,100 patients [4]. 
However, there are no long-term and prospective studies on the 
effects of glucocorticoid use on the incidence of new-onset dia-
betes during the acute phase of COVID-19. In our study, gluco-
corticoid users had a higher HR than non-users, but the increase 
was not dose-dependent. Noteworthily, glucocorticoid non-us-
ers also showed an increased HR (adjusted HR, 1.29; 95% CI, 
1.25 to 1.32). This might be because the incidence and severity 
of COVID-19 contribute to the increased risk of developing 
T2DM, independently of glucocorticoid use.

The adjusted HR for the increased risk of developing T2DM 
due to COVID-19 was 1.54 for young adults (≤50 years old) 
and 1.19 for older people (>50 years old), which was higher in 
younger adults, unlike in other studies [11,12]. Contrastingly, in 
the US-CDC report, the adjusted HR was 1.39 (95% CI, 1.35 to 
1.44) for young adults (<65 years old) and 1.53 (95% CI, 1.48 
to 1.59) for the elderly (≥65 years old), which was higher in the 
elderly [12]. These findings can be considered primarily attrib-
utable to the much lower incidence of T2DM in young adults 
aged ≤50 years in our cohort. In the US-CDC report, the inci-
dence of T2DM per 100 person-years was 2.28 in the COV-
ID-19− group and 3.24 in the COVID-19+ group among young 
adults (<65 years) [12]. Although not shown, our study showed 
that the incidence of T2DM per 100 person-years in younger 
adults (≤50 years old) was 0.89 (95% CI, 0.87 to 0.91) in the 
COVID-19− group and 1.56 (95% CI, 1.51 to 1.61) in the COV-
ID-19+ group, respectively. As a result, the excess burden for the 
incidence of T2DM due to COVID-19 is 0.67 per 100 person-
years, which is lesser than the 0.96 in the US-CDC report. Ad-
ditionally, it is lesser than that of the older patients in our cohort, 
which is 1.31 per 100 person-years: 4.32 (95% CI, 4.26 to 4.39) 
in the COVID-19− group and 5.63 (95% CI, 5.50 to 5.77) in the 
COVID-19+ group, although this is not indicated in our study 
results.

Our study has a few limitations. We defined T2DM only us-
ing the ICD-10 code for diagnosis, although the same was ap-
plied to both groups. Additionally, our observations were too 
brief to evaluate the risk given the insidious onset of T2DM. 
Thus, our analysis might have underestimated the risk of T2DM 
development, and long-term studies with more precisely de-
fined T2DM are warranted. Next, we generated a control group 
matched only for age and sex. The risk factors for T2DM could 
be significantly different between the two groups. Several stud-
ies have shown that the morbidity and severity of COVID-19 
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are higher in individuals with multiple underlying diseases [18-
20]. Prediabetes is considered a risk state that defines a high 
chance of developing diabetes [21]. Thus, we also considered 
investigating the prevalence of prediabetes in both groups. 
However, R730 of the ICD-10 code for defining patients with 
prediabetes in the HIRA database is not well used for research 
due to its low reliability. Instead, we investigated and adjusted 
for the presence of hypertension and dyslipidemia, which are 
representative comorbidities of T2DM. Our study included ap-
proximately half of those under the age of 40, and both T2DM 
and severe COVID-19 incidence in young people are known to 
increase linearly with body weight [22,23]. However, we were 
unable to retrieve the weight of the subjects from the database. 
Therefore, it is possible that our study did not sufficiently con-
trol for other risk factors, although the results were adjusted for 
hypertension and dyslipidemia. Finally, the biggest limitation of 
most observational studies, including ours, is that subsequent 
medical status is more likely to be assessed and documented in 
people with COVID-19 than in those without a history of COV-
ID-19. Similarly, the higher the severity of COVID-19, the 
higher the HR. Indeed, the incidence of most conditions was 
higher in patients with COVID-19 in the US-CDC report [12]. 
Therefore, large-scale prospective cohort studies with carefully 
curated controls and long-term assessments of health status after 
COVID-19 are needed.

In conclusion, the risk and burden of T2DM increased in the 
post-acute period of COVID-19, which is dependent on the se-
verity of COVID-19 in the acute phase. Therefore, a strategy for 
the screening and appropriate management of T2DM is neces-
sary for overall healthcare management after the acute phase of 
COVID-19.
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