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Prevalence, Incidence, and Metabolic Characteristics of

Young Adults with Type 2 Diabetes Mellitus in South Korea (2010-2020)

Increasing Prevalence of T2DM and Prediabetes in Young Adults (19-39 years)
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Conclusion

The prevalence of T2DM among young adults in South Korea has nearly doubled over the past decade.
The strong association with obesity and metabolic comorbidities emphasizes the urgent need for targeted prevention

and management strategies in this population.

* This study analyzed trends in T2DM among young adults in Korea, 2010-2020.

* T2DM prevalence in young adults rose from 1.02% to 2.02%, sharply in ages 30-39.

* In 2020, among young adults with T2DM, 67.8% had BMI 225 kg/m?, and 31.6% had BMI 230 kg/m?.
* Hypertension, dyslipidemia, and fatty liver prevalence were 34.2%, 79.8%, and 78.9%.

* SGLT2 inhibitor and GLP-1RA use rose among young adults, but treatment stayed low.
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Background: This study aimed to examine trends in the prevalence, incidence, metabolic characteristics, and management of
type 2 diabetes mellitus (T2DM) among young adults in South Korea.

Methods: Young adults with T2DM were defined as individuals aged 19 to 39 years who met the diagnostic criteria for T2DM.
Data from the Korean National Health Insurance Service-Customized Database (2010-2020, n=225,497-372,726) were analyzed
to evaluate trends in T2DM prevalence, incidence, metabolic profiles, comorbidities, and antidiabetic drug prescription. Addi-
tional analyses were performed using the Korea National Health and Nutrition Examination Survey.

Results: The prevalence of T2DM in young adults significantly increased from 1.02% in 2010 to 2.02% in 2020 (P<0.001), corre-
sponding to 372,726 patients in 2020. Over the same period, the incidence rate remained stable within the range of 0.36% to
0.45%. Prediabetes prevalence steadily increased from 15.53% to 20.92%, affecting 3.87 million individuals in 2020. The propor-
tion of young adults with T2DM who were obese also increased, with 67.8% having a body mass index (BMI) >25 kg/m” and
31.6% having a BMI >30 kg/m? in 2020. The prevalence of hypertension, dyslipidemia, and fatty liver disease also increased,
reaching 34.2%, 79.8%, and 78.9%, respectively, in 2020. Although the overall pharmacological treatment rate remained low, the
prescription of antidiabetic medications with weight-reducing properties increased over the study period.

Conclusion: The prevalence of T2DM among young adults in South Korea nearly doubled over the past decade. The strong asso-
ciation with obesity and metabolic comorbidities emphasizes the urgent need for targeted prevention and management strategies
tailored to this population.
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INTRODUCTION that predominantly affects middle-aged and older individuals.

However, the prevalence of T2DM in younger populations is

Diabetes mellitus (DM) is a chronic metabolic disease that af-  increasing worldwide [2,3]. While definitions of early-onset

fects multiple organs and leads to vascular complications if not
adequately managed [1]. Traditionally, DM—particularly type
2 diabetes mellitus (T2DM)—has been considered a disease

T2DM vary, it is generally accepted that a diagnosis made be-
fore the age of 40 years represents a distinct clinical entity com-
pared to later-onset T2DM [2,4]. Early-onset T2DM is further
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subdivided into T2DM diagnosed in childhood (age <18
years) and early adulthood (age 19 to 39 years) [2]. Young peo-
ple with T2DM often have difficulty achieving adequate glyce-
mic control and are at increased risk of developing complica-
tions [5], highlighting the need for targeted interventions.

Globally, the estimated number of people with T2DM aged
20 to 39 years increased from 63 million in 2013 to 260 million
in 2021 [2]. The incidence and prevalence of T2DM in younger
populations show regional and ethnic variations [6,7]. In par-
ticular, Asian countries have reported a marked increase in
T2DM prevalence among younger individuals, in part due to a
greater susceptibility to developing T2DM at lower body mass
index (BMI) levels compared to Western populations [8-10].
Despite the global increase in T2DM among young adults, the
epidemiology and clinical characteristics of this population in
South Korea remain understudied.

To address this gap, we collaborated with the Korean Diabe-
tes Association to estimate the prevalence and incidence of
T2DM among young adults (aged 19 to 39 years) in South Ko-
rea. In addition, we assessed the changes in metabolic charac-
teristics, comorbidities, vascular complications, and antidiabet-
ic medication prescriptions among young adults with T2DM.

METHODS

Data sources
To obtain reliable and representative estimates of young adults
(aged 19 to 39 years) with T2DM in South Korea, data from
2010 to 2020 in the Korean National Health Insurance Service
(NHIS)-Customized Database were analyzed. The NHIS data-
base covers almost all South Korean citizens, and provide a
longitudinal data set that includes demographic information,
disease diagnoses based on the International Classification of
Diseases, 10th Revision (ICD-10), prescription records, hospi-
tal admissions, procedure details, and health examination re-
sults including laboratory tests and anthropometric measure-
ments [11-17]. As supporting information, we further ana-
lyzed data from the Korea National Health and Nutrition Ex-
amination Survey (KNHANES, from 2012 to 2022), a series of
cross-sectional surveys designed to assess the health status of
the Korean population using a multistage clustered probability
sampling design [18,19].

This study received ethical approval from the Institutional
Review Board (IRB) of Korea University Anam Hospital (IRB
number: 2022AN0531). Informed consent was not required

https://e-dmj.org  Diabetes Metab J 2025;49:172-182

dmj

because the databases used did not contain personally identifi-
able information.

Definition of diabetes mellitus and patient selection

In the NHIS-Customized Database, T2DM was defined as the
presence of ICD-10 codes E11-E14 or a fasting plasma glucose
(FPG) level 2126 mg/dL. Individuals who subsequently re-
ceived an ICD-10 code E10 with insulin prescriptions was
considered to have type 1 diabetes mellitus (T1DM) and were
excluded. We allocated at least 1 year for the exclusion process.
The database identified all individuals aged 19 to 39 years who
met the aforementioned diagnostic criteria for T2DM, with
225,497 in 2010 and 372,726 in 2020. The evaluation of the
prevalence, incidence, metabolic characteristics, comorbidi-
ties, vascular complications, and pharmacological treatment
rate was based on these populations. The number of total pop-
ulation aged 19 to 39 years in South Korea was determined us-
ing data from the National Statistical Office.

Prediabetes was defined as an FPG level of 100 to 125 mg/dL
in the absence of ICD-10 codes E10-E14 or use of antidiabetic
medications. Individuals aged 19 to 39 years who met the cri-
teria for prediabetes were identified among those who under-
went a national health examination, tailoring 3,498,371 in
2010 and 4,087,713 in 2020. Of these, 543,437 met the defini-
tion of prediabetes in 2010 and 855,310 in 2020.

In additional analyses using the KNHANES database, DM
was defined as having an FPG level >126 mg/dL, or a glycosyl-
ated hemoglobin (HbA1Ic) level >6.5%, or a previous diagno-
sis of DM in the questionnaire, or the use of antidiabetic medi-
cation [20-23]. The number of patients meeting these criteria
was 30 out of a total population of 1,474 in 2012 and 26 out of
1,222 in 2022. The type of DM was not specified in this data-
base. Prediabetes was defined as having an FPG level of 100 to
125 mg/dL or an HbAlc level of 5.7% to 6.4% without meeting
the criteria for DM.

Metabolic parameters, comorbidities, and vascular
complications

We examined changes in BMI, waist circumference (WC), and
the prevalence of comorbidities including hypertension, dys-
lipidemia, fatty liver disease and vascular complications in-
cluding myocardial infarction (MI), ischemic stroke, heart fail-
ure, end-stage kidney disease (ESKD), and proliferative dia-
betic retinopathy (PDR), in young adults with T2DM over a
10-year period (2010 to 2020). Additionally, we investigated
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the trends in the characteristics of individuals newly diagnosed
with T2DM at the time of diagnosis.

BMI was categorized using cut-off points of 23.0, 25.0, 30.0,
35.0, and 40.0 kg/m? [24,25]. Central obesity was defined as a
WC =90 cm in men or =85 cm in women. Hypertension was
defined as having a systolic blood pressure >140 mm Hg, a di-
astolic blood pressure =90 mm Hg, or the use of antihyperten-
sive medication. Dyslipidemia was defined as a low-density li-
poprotein cholesterol level >100 mg/dL or the use of lipid-
lowering medications [26]. Fatty liver disease was determined
by a fatty liver index (FLI) >30. The FLI was calculated as fol-
lows [27,28]:

[e0953 xloge(triglycerides)+0.139 x BMI+0.718 xloge(gamma-glutamyl transpeptidase)+0.053x
WC—15.745]/

[1+09% xloge(triglycerides)+0.139x BMI+0.718 xloge(gamma-glutamyl transpeptidase)+

0.053><WC715A745] X 100

MI was defined as hospitalization with ICD-10 codes 121-
122. Ischemic stroke was identified as hospitalization with ICD-
10 codes 163-164 accompanied by brain imaging studies. Heart
failure was defined as hospitalization with a diagnosis of heart
failure (ICD-10 code I50). ESKD was defined by the receipt of
special exemption codes V001 (hemodialysis), V003 (perito-
neal dialysis), or V005 (kidney transplant). PDR was defined as
undergoing photocoagulation (procedure codes S5160 or
S5161) and having an ICD-10 diagnosis code of H36.0 (diabet-
ic retinopathy) within the year prior to the procedure.

Use of antidiabetic medication

Antidiabetic medication prescription among young adults
with T2DM was evaluated from 2010 to 2020. We examined
the pharmacological treatment rate, defined as the proportion
of individuals taking antidiabetic medications. Further analy-
ses were conducted among those receiving antidiabetic medi-
cations. The classes of antidiabetic medications were catego-
rized as follows: insulin, metformin, sulfonylurea (SU), megli-
tinide, thiazolidinedione (TZD), a-glucosidase inhibitor, di-
peptidyl peptidase-4 (DPP-4) inhibitor, sodium-glucose co-
transporter-2 (SGLT2) inhibitor, and glucagon-like peptide-1
receptor agonist (GLP-1RA). Insulin was counted if it was pre-
scribed at least three times during the year, while the other
medications were counted if prescribed at least once during
the year. In addition, patterns of combination therapy exclud-
ing insulin were examined and categorized as monotherapy,
dual combination, triple combination, and quadruple or high-
er combinations.
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Statistical analysis

The prevalence and incidence rates of T2DM were calculated
annually, and trend tests were performed to evaluate changes
over time. Analyses focused on individuals aged 19-39 years,
stratified into two age groups (19-29 and 30-39 years) and by
sex (men and women). We examined whether the two age
groups and sex groups exhibited different patterns of change
over time, with the results presented as P values for interac-
tions. Annual assessments of metabolic parameters, the preva-
lence of comorbidities and vascular complications, and antidi-
abetic drug prescription among young adults with T2DM were
also performed. Additionally, the trends in characteristics at
the time of diagnosis of incident T2DM were investigated. Sta-
tistical analyses were performed with SAS version 9.4 (SAS In-
stitute Inc., Cary, NC, USA).

RESULTS

The characteristics of the incident T2DM patients are summa-
rized in the Supplementary Table 1. Over the study period, the
mean age at diagnosis of T2DM decreased (33.2 years in 2010
and 32.3 years in 2020, P<0.001). The male-to-female ratio
consistently showed that approximately twice as many men
were diagnosed with T2DM. The mean BMI at diagnosis in-
creased significantly over time (25.4 kg/m” in 2010 and 28.3
kg/m” in 2020, P<0.001), accompanied by increasing rates of
general and abdominal obesity. The prevalence of comorbid
hypertension, dyslipidemia, and fatty liver disease increased
over time. Fatty liver disease, as indicated by the FLI, had the
highest prevalence, affecting 83.1% of young people with new-
ly diagnosed T2DM in 2020.

Prevalence and incidence of T2DM in young adults
Between 2010 and 2020, the prevalence rate of T2DM among
young adults increased significantly, from 1.02% to 2.02%
(P<0.001), and the number of affected individuals increased
from 225,497 to 372,726 (Fig. 1A, Supplementary Table 2).
Throughout the period, prevalence rates were consistently
higher in men than in women, increasing from 1.22% to 2.30%
in men and from 0.81% to 1.71% in women (Fig. 1B). When
stratified by age, the prevalence of T2DM in individuals aged
19-29 years increased from 0.73% to 1.54%, whereas the prev-
alence in individuals aged 30-39 years increased from 2.09%
to 3.90%, resulting in a prevalence more than doubled in the
30-39 years age group by 2020 (Fig. 1C).

Diabetes Metab ] 2025;49:172-182  https://e-dmj.org
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Fig. 1. Prevalence and incidence rate of type 2 diabetes mellitus (T2DM) in young adults (2010 to 2020). (A) Trends in number
and prevalence rate of T2DM in young adults. (B) Trends in the prevalence rate of T2DM in young adults by sex. (C) Trends in
the prevalence rate of T2DM in young adults by age group. (D) Trends in the incidence rate of T2DM in young adults.

The incidence rate of T2DM among young adults remained
relatively stable, ranging from 0.36% to 0.45% annually be-
tween 2010 and 2020 (Fig. 1D, Supplementary Table 3). Similar
to prevalence trends, incidence rates were higher in men than
in women and more than twice as high in individuals aged 30-
39 years compared with those aged 19-29 years.

Trends in the prevalence of DM was also estimated from the
KNHANES database, although the type of DM was not speci-
fied in this dataset. The prevalence of DM showed fluctuations
between 1.5% and 2.5% from 2012 to 2022, probably due to
small sample sizes (Supplementary Fig. 1A). From the most
recent integrated KNHANES database from 2019 to 2022, the
prevalence of DM in young adults was 2.2%. As in the NHIS-
Customized Database, the prevalence rate of DM was higher
in men (2.7%) compared with women (1.7%) (Supplementary
Fig. 1B). In addition, the prevalence in individuals aged 30-39
years (3.4%) was more than three times higher than that ob-
served in those aged 19-29 years (1.1%).

https://e-dmj.org  Diabetes Metab J 2025;49:172-182

Prevalence of prediabetes in young adults

From NHIS-Customized Database (2010 to 2020), the preva-
lence of prediabetes among young adults aged 19-39 years who
underwent national health examinations steadily increased
from 15.53% to 20.92%, with an estimated 3,865,194 affected
individuals in 2020 (Fig. 2). Analysis of the KNHANES data-
base (2019-2022) revealed a prediabetes prevalence of predia-
betes of 21.8%, with higher rates in men (26.5%) compared
with women (16.7%) (Supplementary Fig. 2). The prevalence
of prediabetes was more than twice as high in the 30-39 age
group (29.8%), compared to those aged 19-29 years (14.3%).

Obesity in young adults with T2DM

Between 2010 and 2020, the mean +standard deviation (SD)
BMI of young adults with T2DM increased from 25.5+4.3 to
27.6+5.6 kg/m?, while the mean+SD WC increased from
84.5+10.9 to 89.1+14.0 cm (P<0.001 for both) (Fig. 3A, Sup-
plementary Table 4). Throughout the study period, the mean
BMI of men was consistently higher than that of women. In
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men, the mean BMI increased from 26.0+4.0 in 2010 to 28.4+
5.1 kg/m” in 2020, whereas in women, it increased from 23.7+
4.9 t0 26.0+6.2 kg/m? (Fig. 3B). The proportion of young adults
with obesity also increased significantly over this period (Fig.
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3C). The percentage of patients with stage 1 obesity or higher
(BMI >25 kg/m?) increased from 53.8% to 67.8%, while stage
2 obesity or higher (BMI >30 kg/m?) increased from 14.8% to
31.6%. The prevalence of stage 3 obesity (BMI =35 kg/m?)
reached 10.1% in 2020, and 2.6% of patients had a BMI of >40
kg/m? When the proportion of obesity in young adult with
T2DM was analyzed separately by sex, the proportion of stage
1 obesity or higher increased from 58.5% to 75.1% in men and
from 36.2% to 52.4% in women (Fig. 3D). The prevalence of
stage 2 obesity or higher (BMI =30 kg/m?®) increased from
15.5% to 34.1% in men and from 12.6% to 26.4% in women.

Comorbidities and vascular complications

Between 2010 and 2020, the prevalence rates of hypertension,
dyslipidemia, and fatty liver disease in young adults with
T2DM showed an increasing trend, reaching 34.2%, 79.8%,
and 78.9%, respectively, by 2020 (P<0.001 for all) (Fig. 4A,
Supplementary Table 5). The prevalence of vascular complica-
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Fig. 3. Obesity in young adults with type 2 diabetes mellitus (T2DM). (A) Trends in mean body mass index (BMI) and waist cir-
cumference (WC) in young adults with T2DM. (B) Trends in mean BMI by sex. (C) Trends in the proportion of individuals with
a BMI of 225, 230, =35, and =40 kg/m* among young adults with T2DM. (D) Trends in the proportion of individuals with a
BMI of =25 and 230 kg/m” among young adults with T2DM, analyzed by sex.
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Fig. 4. Trends in comorbidities and vascular complications in young adults with type 2 diabetes mellitus (2010 to 2020). (A) Prev-
alence of hypertension, dyslipidemia, and fatty liver disease. (B) Prevalence of vascular complications. MI, myocardial infarction;
ESKD, end-stage kidney disease; PDR, proliferative diabetic retinopathy.

tions is displayed in Fig. 4B, Supplementary Table 5. The prev-
alence of vascular complications among young adults with
T2DM was less than 1%. While the prevalence of ESKD has
been gradually decreasing, the prevalence of heart failure has
shown an increasing trend. The most common comorbid vas-
cular disease in 2020 was heart failure, followed by ESKD,
PDR, MI, and ischemic stroke.

Antidiabetic medication patterns in young adults with
T2DM

Fig. 5A shows the pharmacological treatment rate of young
adults with T2DM, the proportion of patients receiving antidi-
abetic medication. The treatment rate was very low at 28.7% in
2010, increasing slightly to 33.0% in 2020. Among those re-
ceiving antidiabetic medication, Fig. 5B shows the prescription
patterns of pharmacologic treatments. There has been an in-
crease in the prescription rates of metformin, SGLT2 inhibi-
tors, and GLP-1RA since 2015. In particular, the prescription
rate for SGLT?2 inhibitors showed the most significant increase,
with 32.0% of patients using these agents by 2020. Metformin
remained the most commonly prescribed medication through-
out the study period, with a steady increase in used to reach
91.2% of patients in 2020. While the prescription rate of DPP-4
inhibitors declined after 2016, it remained the second most
commonly prescribed medication in 2020. Conversely, the
prescription rates of SU and TZD showed a gradual decline
over time. Fig. 5C highlights the patterns of drug regimen
combinations excluding insulin. A notable trend was the de-
crease in the use of monotherapy and the increase in the use of

https://e-dmj.org  Diabetes Metab J 2025;49:172-182

triple and quadruple or higher combination therapies. Specifi-
cally, the proportion of patients receiving triple combination
therapy increased from 17.8% in 2010 to 32.4% in 2020, while
those receiving quadruple or higher combination therapy in-
creased from 4.0% to 8.8% over the same period.

DISCUSSION

This study demonstrated an increasing prevalence of T2DM
among young adults in South Korea, and unique characteris-
tics of affected individuals with distinct disease phenotypes. In
the decade from 2010 to 2020, the prevalence of T2DM among
individuals aged 19 to 39 years nearly doubled, with approxi-
mately 400,000 young adults affected by 2020. One of the most
notable findings was the significant increase in obesity rates
among young adults with T2DM, reflected in a mean BMI of
27.6 kg/m? in 2020. This increase in obesity correlates with in-
creased prescribing of antidiabetic medications that promote
weight loss, such as SGLT2 inhibitors and GLP-1RAs.

The increasing prevalence of T2DM in Korean young adults
is consistent with global trends, particularly in the Western Pa-
cific and Southeast Asian regions, where the burden of early-
onset T2DM is substantial [4]. Reports from the Joint Asia Dia-
betes Evaluation (JADE) program estimate that 10% to 25% of
T2DM patients in Asia are diagnosed before the age of 40 [29].
In South Korea, previous studies using sample-based databases
such as KNHANES and NHIS-National Sample Cohort have
shown similar trends [30]. In a study using the KNHANES da-
tabase, the prevalence of T2DM increased from 0.5% in 2005
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to 1.0% in 2016-2018 among individuals aged 20-29 years,
and from 1.2% to 2.4% among individuals aged 30-39 years. A
NHIS-National Sample Cohort (2006 to 2015) analysis showed
that DM prevalence increased from 0.3% to 0.4% and from
1.1% to 1.4% among individuals aged 20-29 and 30-39 years,
respectively. Our study, based on the NHIS-Customized Data-
base with an actual number of affected individuals, provided a
comprehensive view and showed that the prevalence of T2DM
increased from 1.02% in 2010 to 2.02% in 2020 among indi-
viduals aged 19 to 39 years. In particular, prevalence increased
more rapidly in the 30 to 39 age group, reaching 3.90% in 2020.
Despite limitations in the KNHANES data due to small sample
sizes, the estimated DM prevalence of 2.2% during 2019 to
2022 are consistent with findings from the NHIS-Customized
Database, strengthening the validity of our findings. Gender
differences in T2DM prevalence were consistently observed,
with higher rates in men compared to women. This disparity is
likely influenced by the higher prevalence of obesity in men, as
well as systematic health screening during mandatory physical
examinations for military enlistment.

While the prevalence of T2DM has increased, the incidence
rate among young adults has remained relatively stable. It in-
creased steadily from 0.36% to 0.45% between 2012 and 2019,
but decreased to 0.41% in 2020, likely due to reduced health-
care utilization during the coronavirus disease 2019 (COV-
ID-19) pandemic. In an earlier study, there was a gradual in-
crease in DM incidence from 2006 to 2015 [30].

Obesity is an established risk factor for T2DM [31]. The as-
sociation between T2DM and obesity is particularly pro-
nounced in younger populations, with earlier age of diagnosis
associated with higher BMI. For example, a United States study
reported that patients diagnosed with DM in their 30s or
younger had a mean BMI of 38.3 kg/m?, compared with 28.8
kg/m” in those diagnosed at age 70 or older [32]. Similarly,
previous South Korean data showed that the proportion of
young diabetic patients with a BMI =25 kg/m? increased from
51.4% in 2006 to 72.4% in 2015 [30]. In our study, 67.8% of
young adults with T2DM had a BMI =25 kg/m?, 31.6% had a
BMI =30 kg/m?, and 10.1% had a BMI =35 kg/m?* in 2020.
The prevalence of obesity observed in our study was relatively
lower compared to that reported in a previous study [30], likely
due to differences in the operational definition of T2DM. Spe-
cifically, our study included both individuals who were on an-
tidiabetic medications and those who were not, whereas the
previous study included only those receiving antidiabetic
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medications. When we applied a similar definition, including
only individuals with ICD-10 codes E11 to E14 and concur-
rent use of antidiabetic medications, the mean BMI increased
to 29.3 kg/m?, and the prevalence of obesity increased to 80.4%
in 2020 (Supplementary Fig. 3). However, regardless of the op-
erational definition of T2DM, it is evident that the prevalence
of obesity is increasing among young adults with T2DM. In
addition, the prevalence of central obesity, as reflected by in-
creased WG, further underscores the metabolic risk in this
population. Moreover, the prevalence of obesity and central
obesity also increased among those newly diagnosed with
T2DM (Supplementary Table 1). These findings suggest both
rising obesity rates among newly diagnosed young T2DM pa-
tients and inadequate obesity management in prevalent cases.

The striking prevalence of obesity provides insight into the
management and prevention of T2DM in young adults, em-
phasizing the need to prioritize obesity treatment. Although
there was an increasing trend in the prescription of antidiabet-
ic drugs with weight-reducing benefits, the proportion of
young adults with T2DM treated with GLP-1RAs still re-
mained low (3.4% in 2020). Clinicians should consider the im-
pact of antidiabetic medications on weight when prescribing
them while actively encouraging patients to adopt lifestyle
modifications [24,25]. Moreover, when counseling obese
young adults who have not yet been diagnosed with T2DM, it
is essential to actively screen for T2DM [21] and aggressively
manage obesity to prevent T2DM. Considering that anti-obe-
sity drugs are currently not covered by insurance and the use
of antidiabetic drugs with weight-reducing effects is largely
limited by current insurance coverage criteria, policies ex-
panding insurance coverage for young adults with T2DM and
morbid obesity may be needed.

Another important finding of this study is the high preva-
lence of metabolic comorbidities in young adults with T2DM.
Approximately 80% had dyslipidemia and fatty liver disease,
and 34.2% had hypertension. The co-occurrence of these con-
ditions increases the risk of cardiovascular disease and other
long-term complications, underscoring the need for a compre-
hensive, multidisciplinary approach to diabetes management.
Among vascular complications, the prevalence of heart failure
has substantially increased, becoming the most common com-
plication in 2020. Incorporating routine screening for comor-
bidities and complications, along with early intervention,
could mitigate the progression of these conditions.

Analysis of pharmacological treatment patterns has revealed
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a shift over the past decade toward newer antidiabetic agents,
such as SGLT2 inhibitors and GLP-1RAs. These medications,
which offer cardiovascular and renal protection [33-37], have
gained prominence in treatment regimens, reflecting adher-
ence to evolving clinical guidelines [21]. In particular, the pre-
scription rate for SGLT2 inhibitors has increased significantly,
reaching 32.0% in 2020. Despite these advances, metformin
remained the most commonly prescribed drug throughout the
study period, with 91.2% of patients using it in 2020. The in-
creasing use of metformin, SGLT2 inhibitors and GLP-1RAs—
all of which are associated with weight management benefits—
appears to reflect growing clinical recognition of the interplay
between DM and obesity in this population. However, the pro-
portion of patients receiving antidiabetic agents was low, at
33.0% in 2020. Analysis of the KNHANES database from 2019
to 2022 revealed a similar treatment rate of 34.6%, consistent
with findings from the NHIS-Customized Database. The low
pharmacological treatment rate among young patients with
T2DM warrants attention and further intervention.

To the best of our knowledge, this is the largest study investi-
gating the epidemiology of young adults with T2DM in South
Korea, encompassing nearly the entire population using the
NHIS-Customized Database. While the KNHANES dataset
has commonly been used to evaluate diabetes prevalence, the
number of young adults with T2DM in KNHANES was low,
with approximately 30 cases per year. Therefore, we utilized the
NHIS-Customized Database, presenting data from KNHANES
as supporting information. The NHIS-Customized Database
allows us to report the actual number of young adults with
T2DM and comprehensively analyze their characteristics, in-
cluding metabolic features, comorbidities, vascular complica-
tions, and use of antidiabetic medications.

This study has several limitations. First, the accuracy of
T2DM diagnoses in the NHIS database may be compromised
because diagnoses were based on corresponding codes and
FPG levels without mandatory confirmation by antidiabetic
medication use. This approach was chosen because of the low
awareness and treatment rates of DM in young adults, which
remain below 50%. Additionally, we excluded patients who re-
ceived an ICD-10 code E10 (T1DM) diagnosis with insulin
prescriptions after initially being assigned ICD-10 codes E11
(T2DM) to E14. As a result, individuals with an unclear diabe-
tes type may have been excluded from the current analysis.
However, without this exclusion process, we believed that a
substantial portion of the study population would have includ-

180

ed T1DM patients, given their age. Second, the prevalence esti-
mates of prediabetes may be imprecise because they were de-
rived only from individuals undergoing national health exami-
nations, potentially excluding a significant portion of the pop-
ulation. Third, the vascular complications identified in this
study should be interpreted as comorbid conditions rather
than true complications, as they were assessed cross-sectional-
ly each year.

In conclusion, the results of this study highlight a worrisome
increase in T2DM prevalence among young adults in South
Korea, which is strongly associated with increasing obesity and
related metabolic comorbidities. Although the pharmacologi-
cal treatment rate was low, the evolving treatment patterns and
increasing complexity of therapeutic regimens reflect the chal-
lenges of managing this condition in younger populations.
These findings underscore the need for multifaceted strategies
that include prevention, early diagnosis, and comprehensive
management to address the growing burden of T2DM in
young adults.
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Supplementary Table 1. Characteristics at diagnosis of incident type 2 diabetes mellitus among young adults

m

Characteristic 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 tl;)ef:l)fl
Number 82,470 81,805 75,377 78,990 78,905 77,451 79,368 79,674 83,344 84,079 76,277
Age, yr 332448  33.1+48  33.0+49  329+49  328+50  32.7+51 327452 327452  327+52  325+53  323+54 <0.001
Sex <0.001
Men, % 65.7 66.5 65.3 64.8 64.7 64.5 64.5 65.0 65.6 63.5 63.5
Women, % 343 335 34.7 35.2 35.3 35.5 35.5 35.0 34.4 36.5 36.5
BMI, kg/m’ 254+44  256+45  257+46  261+48  263+49  267+51  27.0452  275+54  27.8+54  28.0+57  283+58  <0.001
BMI >25, % 50.6 53.0 53.5 55.8 57.4 60.7 62.9 65.9 68.1 68.3 69.8 <0.001
BMI =30, % 14.2 16.0 16.9 19.4 21.2 23.8 26.1 29.0 31.6 33.0 354 <0.001
BMI =35, % 25 3.1 3.6 4.6 5.2 6.4 7.1 8.9 9.9 11.2 12.6 <0.001
WC, cm 8424109 84.8+11.1 849+113 859+11.8 86.3+12.8 87.6+22.2 8864263 893+19.1 89.9+157 90.0+16.5 90.6+14.1 <0.001
Central obesity, % 31.2 333 34.2 37.7 39.5 432 46.0 49.1 51.6 52.8 55.2 <0.001
Hypertension, % 24.8 252 252 25.6 253 26.1 27.0 28.1 31.0 31.1 32.6 <0.001
Dyslipidemia, % 64.1 63.1 64.9 66.3 67.3 68.7 70.4 70.9 72.6 73.0 77.7 <0.001
FLI 48.6+31.7 50.5+31.8 50.8+31.9 52.8+432.1 53.7+£32.2 5594322 57.3+321 59.0+32.0 65.1+29.1 54.9+29.6 6581294 <0.001
Fatty liver disease, % 64.7 66.7 66.9 68.8 69.9 72.0 73.4 75.0 825 82.0 83.1 <0.001
House income <0.001
Lower third, % 26.2 26.4 259 254 25.6 25.4 25.6 25.4 25.0 26.5 26.9
Middle third, % 40.9 42.3 42.1 43.0 43.2 439 43.0 43.1 43.3 42.8 42.1
Upper third, % 329 31.3 320 317 31.2 30.7 314 31.5 31.8 30.7 31.0

Values are presented as mean +standard deviation or percentages.
BMLI, body mass index; WC, waist circumference; FLL, fatty liver index.
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Supplementary Table 2. Trends in prevalence and number of young adults (19-39 years) with type 2 diabetes mellitus

Variable 2000 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020  Lfor  Pfor
trend  interaction
All subjects
Prevalence rate® 1.02 1.05 1.07 117 1.24 1.32 1.45 1.56 1.76 1.95 2.02 <0.001
Number 225,497 226,701 226,575 244,158 253,867 265,936 286,108 303,616 337,664 367,302 372,726
According to sex 0.067
Men
Prevalence rate® 1.22 1.26 1.26 1.37 1.45 1.54 1.67 1.81 2.04 225 2.30 <0.001
Number 139,346 141,617 139,078 147,876 153,679 160,143 171,368 183,292 203,574 220,052 220,887
‘Women
Prevalence rate* 0.81 0.82 0.86 0.96 1.02 1.10 121 1.29 1.45 1.63 1.71 <0.001
Number 86,151 85,084 87,497 96,282 100,188 105,793 114,740 120,324 134,090 147,250 151,839
According to age <0.001
19-29 years
Prevalence rate* 0.73 0.74 0.76 0.85 0.89 0.96 1.06 1.14 1.29 1.46 1.54 <0.001
Number 50,391 50,002 50,169 55,715 59,256 64,017 71,670 77,945 87,698 99,375 104,911
30-39 years
Prevalence rate® 2.09 2.14 2.16 2.35 249 2.63 2.85 3.06 3.44 3.79 3.90 <0.001
Number 175,106 176,699 176,406 188,443 194,611 201,919 214,438 225,671 249,966 267,927 267,815

“Per 100 persons.
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Supplementary Table 3. Trends in incidence and number of young adults (19-39 years) with type 2 diabetes mellitus

m

Variable 2000 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020  Lfor Pfor
trend  interaction
All subjects
Incidence rate* 0.37 0.38 0.36 0.38 0.39 0.39 0.40 0.41 0.43 0.45 0.41 0.905
Number 82,470 81,805 75,377 78,990 78,905 77,451 79,368 79,674 83,344 84,079 76,277
According to sex 0.196
Men
Incidence rate® 047 0.48 0.45 0.47 0.48 0.48 0.50 0.51 0.55 0.55 0.51 0.531
Number 54,142 54,383 49,258 51,203 51,062 49,941 51,162 51,778 54,700 53,394 48,405
‘Women
Incidence rate* 0.27 0.26 0.26 0.28 0.28 0.29 0.30 0.30 0.31 0.34 0.31 0.100
Number 28,328 27,422 26,119 27,787 27,843 27,510 28,206 27,896 28,644 30,685 27,872
According to age 0.001
19-29 years
Incidence rate® 0.27 0.27 0.25 0.27 0.28 0.28 0.29 0.30 0.31 0.34 0.32 <0.001
Number 18,419 18,188 16,773 18,025 18,395 18,505 19,765 20,143 21,276 22,982 21,818
30-39 years
Incidence rate® 0.77 0.77 0.72 0.76 0.78 0.77 0.79 0.81 0.85 0.86 0.79 0.056
Number 64,051 63,617 58,604 60,965 60,510 58,946 59,603 59,531 62,068 61,097 54,459

“Per 100 persons.
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Supplementary Table 4. Obesity in young adults with type 2 diabetes mellitus

Variable 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 5;(1)3
Men and women
Number* 86,508 88,878 86,344 91,424 98,259 101,248 106,789 112,824 133,704 156,432 150,807
BMI, kg/m® 255+43 258+44 258+45 26.1+47 263+48 26.6+50 268+51 272+52 275+53 274+55 27.6+56 <0.001
Proportion of patients in each BMI (kg/m?) categories, % <0.001
18.5-22.9 27.1 25.0 25.1 23.8 234 21.9 20.6 19.2 18.0 19.2 18.8
23.0-24.9 19.0 18.6 18.0 17.3 16.9 16.2 15.5 14.7 14.2 13.8 13.4
25.0-29.9 39.0 39.8 393 39.0 385 38.5 38.6 38.6 383 36.8 36.2
30.0-34.9 12.3 13.6 14.1 15.5 16.4 17.5 18.7 19.8 21.0 209 21.5
35.0-39.9 2.1 2.6 2.9 35 39 4.6 5.1 6.0 6.5 7.1 7.5
=40 0.4 0.5 0.6 0.8 0.9 1.2 14 1.7 2.0 2.3 2.6
Number® 89,357 91,449 89,015 94,221 101,212 104,134 109,730 115,487 136,478 160,260 154,398
WC, cm 84.5+10.9 852+11.0 852+11.3 86.0+11.7 86.3+12.0 87.0+12.3 87.7+12.6 88.5+12.9 89.1+13.1 88.8+13.7 89.1+14.0 <0.001
Proportion of patients with 324 34.9 35.6 38.5 40.1 42.8 45.2 47.8 49.9 49.8 51.2 <0.001
central obesity, %°
Men
Number® 68,807 71,293 67,874 71,423 75,636 76,236 80,156 84,104 99,941 107,921 102,313
BMI, kg/m’ 26.0+4.0 262+4.1 263+42 26.6+43 26.8+44 27.1+45 274+46 27.7+47 28.0+48 282+50 284%51 <0.001
Proportion of patients in each BMI (kg/m?®) categories, % <0.001
18.5-22.9 25 20.0 19.7 18.6 18.0 16.2 14.9 13.3 12.3 12.1 11.4
23.0-24.9 20.1 19.5 18.9 18.3 17.6 17.0 16.3 15.2 14.6 14.2 13.6
25.0-29.9 43.0 434 43.5 42.9 42.7 42.7 42.8 42.9 424 41.7 41.0
30.0-34.9 13.1 14.2 14.7 16.2 1172 18.6 19.9 217 224 22.8 23.7
35.0-39.9 2.0 2.4 2.7 33 &7 4.5 5.0 59 6.5 7.2 7.9
=40 0.4 0.5 0.5 0.7 0.8 1.1 12 J[85) 1.8 2.1 2.5
Number” 69,880 72,288 68,863 72,434 76,632 77,098 81,092 84,892 100,781 108,845 103,101
WC, cm 86.7£9.6 87.2+9.8 874+10.0 88.2+104 88.7+10.6 89.5+10.9 90.2+11.1 91.1+11.4 91.8+11.6 92.3+12.0 93.0+12.2 <0.001
Proportion of patients with 33 37.4 384 41.4 43.1 46.2 49.1 52.0 54.2 55.8 579 <0.001
central obesity, %°
Women
Number® 17,701 17,585 18,470 20,001 22,623 25,012 26,633 28,720 33,763 48,511 48,494
BMI, kg/m’ 23.7£49 242451 243£53 24.6£55 247+55 251+£57 253%£59 257+6.1 259+6.1 259+6.1 26.0+6.2 <0.001
Proportion of patients in each BMI (kg/m?) categories, % <0.001
18.5-22.9 48.7 44.9 44.7 42.5 414 39.2 38.0 36.2 349 35.0 34.6
23.0-24.9 15.1 14.8 14.6 13.7 14.4 139 13.2 13.1 12.7 13.0 129
25.0-29.9 23.6 25.2 24.1 25.1 24.6 25.7 26.1 26.2 264 26.0 26.0
30.0-34.9 9.4 11.2 11.9 13.1 13.7 14.2 15.1 15.8 16.7 16.5 16.7
35.0-39.9 2.6 3.1 35 42 4.5 5.1 5.6 6.3 6.6 6.8 6.8
=40 0.6 0.7 1.1 13 14 1.8 2.0 25 2.7 2.6 29
Number® 19,477 19,161 20,152 21,787 24,580 27,036 28,638 30,595 35,697 51,415 51,297
WC, cm 76.5£11.5 77.5£12.0 77.7+£12.2 787+12.8 79.1+13.0 79.8+13.3 80.3+13.6 81.0£139 81.4+140 81.4%141 81.4+143 <0.001
Proportion of patients with 222 253 26.0 29.0 30.5 32.8 343 36.2 37.6 37.2 37.7 <0.001

central obesity, %°

Values are presented as mean + standard deviation or percentages.
BMI, body mass index; WC, waist circumference.
“Number of participants with available BMI data, "Number of participants with available WC data, “WC >90 cm (men), >85 cm (women).
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Supplementary Table 5. Comorbidities and vascular complications in young adults with type 2 diabetes mellitus

dmj

Prevalence rate/100 persons, % 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 'f:efr(:fj
Comorbidities
Hypertension 28.9 29.1 29.1 29.2 29.1 29.3 30.3 31.2 33.2 33.0 34.2 <0.001
Dyslipidemia 67.0 66.9 68.8 69.7 70.4 72.0 73.2 74.0 76.6 77.4 79.8 <0.001
Fatty liver disease 61.7 64.1 63.8 64.8 65.0 66.4 67.5 69.3 79.5 78.6 78.9 <0.001
Vascular complications
MI 0.17 0.13 0.15 0.14 0.15 0.15 0.16 0.13 0.15 0.14 0.13 0.022
Ischemic stroke 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.04 0.02 0.020
Heart failure 0.21 0.20 0.24 0.22 0.24 0.26 0.45 0.52 0.57 0.53 0.54 <0.001
ESKD 0.75 0.70 0.72 0.63 0.61 0.61 0.59 0.55 0.48 0.45 0.45 <0.001
PDR 0.18 0.21 0.21 0.23 0.22 0.22 0.25 0.23 0.21 0.22 0.22 0.028

MI, myocardial infarction; ESKD, end-stage kidney disease; PDR, proliferative diabetic retinopathy.
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Supplementary Fig. 1. Prevalence rate of diabetes mellitus in young adults from the Korea National Health and Nutrition Exami-
nation Survey database. (A) Trends in number and prevalence rate of diabetes mellitus in young adults (2012-2022). (B) Preva-
lence rate of diabetes mellitus in young adults according to sex and age group (2019-2022).
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Supplementary Fig. 2. Prevalence rate of prediabetes in young
adults from the Korea National Health and Nutrition Examination
Survey database (2019-2022).
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Supplementary Fig. 3. Obesity in young adults with type 2 diabetes
mellitus defined as receiving International Classification of Diseases,
10th Revision codes E11 to E14 along with antidiabetic medications. (A)
Trends in mean body mass index (BMI) and waist circumference (WC).
(B) Trends in the proportion of young adults with BMI >25, >30, 235,
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