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Background: The growing burden of obesity has profoundly influenced the epidemiology and phenotype of diabetes. This study 
aimed to compare the epidemiology and clinical features between obese and non-obese diabetes in Korean adults using nation-
wide database.
Methods: We analyzed data from the Korea National Health and Nutrition Examination Survey (2012–2023) to evaluate the 
prevalence and management of diabetes, as well as associated comorbidities. Data from the Korean National Health Insurance 
Service were used to assess antidiabetic medication use, metabolic surgery trends, and cancer outcomes.
Results: Diabetes prevalence was nearly twice as high in adults with obesity compared with those without (17.6% vs. 9.5%), with 
the larger difference observed in individuals aged 30 to 59 years. Obese diabetes was associated with higher rates of hypertension 
and dyslipidemia and lower rates of achieving glycemic, blood pressure, and lipid targets; only 21.0% achieved all three goals. Al-
though sodium-glucose cotransporter 2 inhibitors and thiazolidinediones were more frequently prescribed in obese diabetes, 
overall use remained low. Metabolic surgery was less common in individuals with diabetes than in those without; sleeve gastrec-
tomy predominated, while Roux-en-Y gastric bypass was performed more often in those with diabetes. Higher body mass index 
was associated with increased incidence of thyroid, breast, prostate, and kidney cancers.
Conclusion: Obese diabetes represents a distinct, high-risk phenotype in Korea, characterized by a greater cardiometabolic bur-
den and suboptimal risk-factor control. Comprehensive management strategies integrating weight reduction with metabolic and 
cardiovascular risk control are essential to improve outcomes in this population.
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INTRODUCTION

The global prevalence of type 2 diabetes mellitus (T2DM) has 
increased in parallel with the obesity epidemic [1]. When these 
conditions coexist, metabolic complications are amplified. 
Obesity and T2DM share common pathophysiologic mecha-
nisms—including insulin resistance, adipokine dysregulation, 
chronic inflammation, and altered gut microbiota—that con-
tribute to systemic metabolic deterioration and heightened 
cardiometabolic risk [2].

In Korea, the growing burden of obesity [3] has led to an ex-
panding subgroup of individuals with ‘obese diabetes.’ Accord-
ing to the most recent Diabetes Fact Sheet in Korea, the preva-
lence of obesity and abdominal obesity among adults with dia-
betes was 52.4% and 61.1%, respectively [4]. Notably, approxi-
mately 80% of individuals with diabetes in their 30s and 40s 
were classified as obese. This phenotype may represent a dis-
tinct and unfavorable form of diabetes, characterized by earlier 
onset, a greater clustering of cardiometabolic risk factors, and 
lower likelihood of achieving treatment targets [5-7]. Under-
standing the clinical differences between obese and non-obese 
diabetes is increasingly important for both prevention and 
management. However, nationwide evidence directly compar-
ing these groups remains limited. In particular, the rapid in-
crease in obesity has not been accompanied by sufficient evalu-
ation of therapeutic patterns, including the use of antidiabetic 
medications and national trends in metabolic surgery. More-
over, beyond metabolic complications, obesity is associated 
with elevated risks of several cancers, yet evidence regarding 
the relationship between obesity and cancer among individu-
als with diabetes remains scarce [8-10]. 

Given the rising prevalence of obesity and the recognition 
that obese diabetes may represent a high-risk phenotype, we 
conducted a nationwide study to: (1) compare the prevalence, 
comorbidities, and management patterns of obese versus non-
obese diabetes; (2) assess antidiabetic medication use and tem-
poral trends in metabolic surgery; and (3) evaluate site-specific 
cancer risks across body mass index (BMI) categories in indi-
viduals with T2DM.

METHODS

Study population
This study analyzed data from two nationally representative 
datasets: the Korea National Health and Nutrition Examina-

tion Survey (KNHANES, 2012–2023) and the Korean National 
Health Insurance Service (NHIS) database.

The KNHANES [11] conducted annually by the Korea Dis-
ease Control and Prevention Agency, is a nationally represen-
tative, cross-sectional survey designed to assess health behav-
iors, metabolic status, and dietary patterns of the Korean pop-
ulation. Data are obtained through standardized health inter-
views, physical examinations, and nutrition surveys. For analy-
ses of current prevalence, management status, and metabolic 
comorbidities, data from 2022–2023 were combined. To evalu-
ate temporal trends in prevalence, data from 2012 to 2023 were 
used. Because fasting insulin concentrations were unavailable 
for 2022 to 2023, the homeostasis model assessment of insulin 
resistance (HOMA-IR) was calculated using data from 2019 to 
2021. The current prevalence of diabetes and prediabetes was 
evaluated among adults aged ≥19 years, whereas management 
status, metabolic comorbidities, nutritional intake and lifestyle 
patterns, body composition, HOMA-IR, and temporal trends 
in prevalence were assessed among adults aged ≥30 years.

The NHIS [12] is a nationwide single-payer health insurance 
system that provides coverage for nearly the entire Korean pop-
ulation. It was used to assess antidiabetic medication use, met-
abolic surgery, and cancer outcomes. Three NHIS datasets were 
analyzed: (1) antidiabetic medication prescription dataset in-
cluding adults aged ≥20 years with T2DM who underwent na-
tional health checkups in 2022 (10% sampling, n=170,772); (2) 
metabolic surgery dataset including adults in the 2022 (10% 
sampling); and (3) cancer follow-up cohort comprising adults 
aged ≥30 years with T2DM who received national health check-
ups in 2015–2016 and were followed through December 31, 
2023 (n=2,450,539), for incident cancers.

This study was approved by the Institutional Review Board 
of Seoul St. Mary’s Hospital, The Catholic University of Korea 
(No. KC25ZCSI0188). Informed consent was waived because 
all databases were de-identified and contained no personally 
identifiable information.

Definition of obesity, diabetes, and comorbidities
BMI (kg/m²) was categorized according to the criteria of the Ko-
rean Society for the Study of Obesity as follows: underweight 
(<18.5), normal weight (18.5–22.9), overweight (23.0–24.9), and 
obese (≥25.0) [13]. Abdominal obesity was defined as a waist 
circumference ≥90 cm in men and ≥85 cm in women [13].

In the KNHANES, diabetes mellitus was defined as a fasting 
plasma glucose (FPG) level ≥126 mg/dL, glycosylated hemo-
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globin (HbA1c) ≥6.5%, a previous physician diagnosis of dia-
betes, or current use of antidiabetic medication [14]. Prediabe-
tes was defined as FPG 100–125 mg/dL or HbA1c 5.7%–6.4% 
[14]. Because KNHANES does not allow discrimination of dia-
betes subtypes, diabetes was analyzed without specification of 
type, and the terms ‘obese diabetes’ and ‘non-obese diabetes’ 
were used to denote obesity-stratified diabetes mellitus. How-
ever, given the epidemiologic prevalence in adults, the majority 
of cases were assumed to represent T2DM. In the NHIS, T2DM 
was identified using International Classification of Diseases, 
10th Revision (ICD-10) codes E11–E14 combined with at least 
one prescription for an antidiabetic medication [15]. Hyper-
tension was defined as systolic blood pressure (SBP) ≥140 mm 
Hg, diastolic blood pressure (DBP) ≥90 mm Hg, or use of anti-
hypertensive medication [15]. Hypercholesterolemia was de-
fined as low-density lipoprotein cholesterol (LDL-C) ≥100 mg/
dL or use of lipid-lowering agents [15]. Insulin resistance was 
assessed using HOMA-IR, calculated as follows [16]: HOMA−
IR=[FPG (mg/dL)×fasting plasma insulin (μIU/mL)]/405.

Management of diabetes and risk-factor control
Awareness of diabetes was defined as the proportion of indi-
viduals who reported having received a prior medical diagnosis 
among those with diabetes. The treatment rate represented the 
proportion of patients currently receiving antidiabetic medica-
tions, and glycemic control was defined as HbA1c <6.5% [17]. 
Blood pressure (BP) control was defined as SBP <140 mm Hg 
and DBP <85 mm Hg, and lipid control as LDL-C <100 mg/
dL [17]. Comprehensive metabolic control was defined as si-
multaneous achievement of all three targets: HbA1c <6.5%, BP 
<140/85 mm Hg, and LDL-C <100 mg/dL [17]. 

Lifestyle, dietary intake, and body composition
Excess energy intake was defined as a total caloric intake 
≥125% of the estimated energy requirement, based on the Di-
etary Reference Intakes for Koreans 2015 [18]. The propor-
tional energy contribution of macronutrients (carbohydrates, 
proteins, and fats) was calculated as the percentage of total ca-
loric intake derived from each component, as previously de-
scribed [19]. Current smoking was defined as smoking at least 
five packs (100 cigarettes) over a lifetime and currently smok-
ing at the time of the survey. High-risk alcohol consumption 
was defined as drinking an average of ≥7 glasses per occasion 
for men or ≥5 glasses per occasion for women, on two or more 
occasions per week. Regular walking was defined as engaging 

in walking for at least 30 minutes per day on 5 or more days 
during the past week. Body composition indices were mea-
sured using a bioelectrical impedance analyzer (InBody 970, 
InBody, Seoul, Korea). The fat mass index (FMI) was calculat-
ed as total body fat mass (kg) divided by the square of height 
(m²), and the lean mass index (LMI) was calculated as total 
lean body mass (kg) divided by height squared (m²). The ap-
pendicular skeletal muscle mass index was defined as the sum 
of skeletal muscle mass of both arms and legs (kg) divided by 
the square of height (m²).

Definition of metabolic surgery
Metabolic surgery was identified using the following proce-
dural codes: sleeve gastrectomy (Q2630); Roux-en-Y gastric 
bypass (RYGB) (Q2633, Q2634, Q2635, Q2636); duodenal 
switch (Q2637); and adjustable gastric banding (Q2638). Revi-
sional or conversion operations were identified using codes 
QA630, QA633, QA634, QA635, QA636, QA637, and QA638.

Cancer definition
Incident cancers were identified using ICD-10 codes as fol-
lows: thyroid (C73), lung (C33–C34), stomach (C16), colorec-
tal (C18–C20), liver (C22), pancreas (C25), gallbladder and 
other biliary tract (C23–C24), breast (C50), prostate (C61), 
and kidney (C64).

Statistical analysis
All analyses using KNHANES data incorporated survey weights 
and accounted for the complex sampling design to ensure na-
tional representativeness. Comparisons between groups were 
performed using independent t-tests for continuous variables 
and chi-square tests for categorical variables. Hazard ratios 
(HRs) and 95% confidence intervals (CIs) for incident cancers 
were estimated using Cox proportional-hazards models ad-
justed for age and sex. Statistical analyses were conducted us-
ing SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) and R 
version 3.2.3 (The R Foundation for Statistical Computing, Vi-
enna, Austria). 

RESULTS

Prevalence and trends of diabetes in obese and non-obese 
populations
The prevalence of diabetes among Korean adults aged ≥19 years 
was approximately 2-fold higher in individuals with obesity 
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compared with those without obesity (17.6% vs. 9.5%). Among 
adults aged 65 years or older, diabetes was present in 31.6% of 
those with obesity and 24.5% of those without (Fig. 1A). The 
difference in diabetes prevalence between obese and non-obese 
adults was most pronounced in the 30s to 50s and gradually di-
minished with advancing age (30–39 years: 5.5% vs. 0.9%; 40–
49 years: 13.4% vs. 2.6%; 50–59 years: 24.6% vs. 12.1%; 60–69 
years: 27.3% vs. 19.4%; ≥70 years: 31.5% vs. 25.2%) (Fig. 1B). 
From 2012 to 2023, the prevalence of diabetes among adults 
aged ≥30 years remained consistently higher among individu-
als with obesity, nearly twice that of non-obese adults through-
out the study period. The disparity was more prominent in 
women, whereas among men, prevalence in those with obesity 
increased progressively over time (Supplementary Fig. 1).

Prevalence of prediabetes in obese and non-obese 
populations
The prevalence of prediabetes was significantly higher among 

adults aged ≥19 years with obesity compared with those with-
out (38.3% vs. 24.9%) (Fig. 2A). Among individuals aged ≥65 
years, the corresponding rates were 45.6% and 40.3%, respec-
tively. Similar to the pattern observed for diabetes, the differ-
ence in prediabetes prevalence between obese and non-obese 
adults was more pronounced in the 30s to 50s and gradually di-
minished with advancing age (30–39 years: 35.8% vs. 12.2%; 
40–49 years: 39.1% vs. 22.7%; 50–59 years: 44.2% vs. 32.3%; 60–
69 years: 46.5% vs. 39.5%; ≥70 years: 45.3% vs. 40.8%) (Fig. 2B).

Management and comorbidities in obese and non-obese 
diabetes
Awareness and treatment rates were lower among individuals 
with obese diabetes (73.1% and 69.2%, respectively) than 
among those with non-obese diabetes (83.4% and 79.1%) (Fig. 
3A) and glycemic control rates were also lower (39.9% and 
42.3%, respectively). Similar trends were observed across age 
and sex subgroups (Supplementary Table 1). The proportion of 

Fig. 1. Prevalence of diabetes among obese and non-obese adults. (A) Prevalence of diabetes in adults aged ≥19, ≥30, and ≥65 
years. (B) Prevalence of diabetes in adults stratified by age groups. Data were obtained from the Korea National Health and Nutri-
tion Examination Survey 2022–2023.
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individuals not receiving treatment was higher in obese diabe-
tes (30.7% of prevalent cases, 5.2% of those previous diagnosis) 
compared with non-obese diabetes (20.5% and 4.6%, respec-
tively) (Supplementary Table 2). Glycemic control was gener-
ally less favorable in obese diabetes, with fewer patients achiev-
ing HbA1c <6.5% (39.9% vs. 42.3%) or <7.0% (63.8% vs. 
70.1%), and a greater proportion with HbA1c ≥8.0% (16.1% 
vs. 12.6%) (Fig. 3B). Mean HbA1c levels were higher in obese 
diabetes among younger adults but similar in older age groups 
(30–39 years: 7.7% vs. 6.7%; 40–49 years: 7.3% vs. 7.0%; 50–59 
years: 7.1% vs. 7.0%; 60–69 years: 6.8% vs. 6.9%; ≥70 years: 
6.8% vs. 6.7%) (Supplementary Table 2).

Hypertension was more prevalent among individuals with 
obese diabetes than among those with non-obese diabetes 
(64.9% vs. 53.9%) and exceeded 80% among obese adults aged 
≥65 years. BP control rates were similar between groups (Fig. 
3C, Supplementary Table 3). Dyslipidemia was also more fre-
quent in obese diabetes (78.2% vs. 70.0%), and LDL-C control 

was less often achieved (53.5% vs. 62.0%) (Fig. 3D, Supple-
mentary Table 3). Overall, comprehensive metabolic control–
defined as achieving target levels for glucose, BP, and LDL-C–
was less common among individuals with obese diabetes 
(21.0% vs. 24.7%), although the difference diminished among 
older adults (Fig. 3E).

Nutritional intake and lifestyle patterns in obese and non-
obese diabetes
Individuals with obese diabetes had a higher daily energy in-
take than those with non-obese diabetes (1,900 kcal vs. 1,693 
kcal), and the proportion of excessive caloric consumption was 
also greater (15.3% vs. 11.7%). The macronutrient composition 
of the diet was similar between the two groups (Supplementa-
ry Table 4). 

The prevalence of current smoking (24.2% vs. 19.1%) and 
high-risk alcohol consumption (18.3% vs. 11.4%) was higher 
among individuals with obese diabetes, whereas a higher pro-

Fig. 2. Prevalence of prediabetes among obese and non-obese adults. (A) Prevalence of prediabetes in adults aged ≥19, ≥30, and 
≥65 years. (B) Prevalence of prediabetes in adults stratified by age groups. Data were obtained from the Korea National Health 
and Nutrition Examination Survey 2022–2023.
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Fig. 3. Distribution of glycosylated hemoglobin levels and prevalence and control rate of comorbidities in obese and non-obese 
diabetes. (A) Awareness and treatment rates of diabetes, (B) glucose control status, (C) prevalence and control rate of hyperten-
sion, (D) prevalence and control rate of hypercholesterolemia, (E) comprehensive metabolic control (glucose, blood pressure, and 
low-density lipoprotein-cholesterol) rate. Data were obtained from the Korea National Health and Nutrition Examination Survey 
2022–2023.
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portion of regular walking was observed in those with non-
obese diabetes (45.2% vs. 33.3%) (Supplementary Table 5).

Body composition in obese and non-obese diabetes 
Among adults aged ≥30 years, the mean BMI was 28.1 kg/m² 
in obese diabetes and 22.5 kg/m² in non-obese diabetes. Both 
FMI and LMI were higher in obese than in non-obese diabetes 
(FMI 9.5 kg/m² vs. 6.2 kg/m²; LMI 18.7 kg/m² vs. 16.3 kg/m²). 
Similar patterns were observed among adults aged ≥65 years 
(FMI 9.5 kg/m² vs. 6.5 kg/m²; LMI 17.9 kg/m² vs. 16.1 kg/m²) 
(Supplementary Table 6). 

HOMA-IR in obese and non-obese diabetes 
The mean HOMA-IR levels were 4.06 in obese diabetes and 
2.13 in non-obese diabetes. HOMA-IR levels were consistently 
higher in obese than in non-obese diabetes across all age 
groups, with the largest difference observed in younger adults 
and a gradual attenuation with age. This trend was similar in 
both men and women. Likewise, among individuals with nor-
mal glucose tolerance or prediabetes, HOMA-IR levels were 
higher in those with obesity than in those without (Supple-
mentary Table 7).

Antidiabetic medication use in obese and non-obese 
diabetes
Metformin was the most frequently prescribed agent in both 
groups, followed by dipeptidyl peptidase-4 (DPP-4) inhibitors 
and sulfonylureas. Sodium-glucose cotransporter 2 (SGLT2) 
inhibitors (22.2% vs. 15.1%) and thiazolidinediones (9.5% vs. 
7.6%) were prescribed more often in obese diabetes, whereas 
DPP-4 inhibitors were more commonly used in non-obese di-

abetes (65.2% vs. 59.9%) (Fig. 4). Combination therapy was 
common in both groups, with approximately 80% of patients 
receiving two or more agents. SGLT2 inhibitors were more fre-
quently included in treatment regimens for obese diabetes, 
while DPP-4 inhibitors predominated in non-obese diabetes, 
both as monotherapy and combination therapy (Supplementa-
ry Table 8).

Status and trends of metabolic surgery in adults with and 
without diabetes
The total number of metabolic surgeries performed was lower 
among individuals with diabetes than among those without 
diabetes and was higher in women than in men. From 2019 to 
2023, the annual number of procedures remained relatively 
stable in both groups, with approximately 700 surgeries per-
formed each year in individuals with diabetes (Fig. 5A). 
Among those with diabetes, sleeve gastrectomy was the most 
common procedure (59.3%), though less frequent than in in-
dividuals without diabetes (79.8%). In contrast, RYGB (21.4%) 
and biliopancreatic diversion or duodenal switch (12.8%) were 
performed more often in patients with diabetes (Fig. 5B).

Cancer risk across BMI categories in individuals with 
T2DM 
For thyroid, breast, prostate, and kidney cancers, HRs in-
creased progressively with higher BMI, being lowest in the un-
derweight group. Compared with individuals with normal 
BMI, HRs at BMI ≥30 kg/m² were 1.54 (95% CI, 1.46 to 1.64) 
for thyroid cancer, 1.31 (95% CI, 1.23 to 1.39) for breast cancer, 
1.15 (95% CI, 1.08 to 1.21) for prostate cancer, and 1.91 (95% 
CI, 1.75 to 2.08) for kidney cancer. In contrast, lung, gastric, 

Fig. 4. Prescription patterns of antidiabetic agents in obese and non-obese individuals with type 2 diabetes mellitus (T2DM). DP-
P4i, dipeptidyl peptidase-4 inhibitor; SU, sulfonylurea; SGLT2i, sodium-glucose cotransporter 2 inhibitor; TZD, thiazolidinedione; 
GLP-1RA, glucagon-like peptide-1 receptor agonists; AGI, alpha glucosidase inhibitor. aPrescription of more than three times/year.
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and pancreatic cancers showed the opposite pattern, with 
higher risks in the underweight group and lower risks with in-
creasing BMI. Compared with the normal BMI group, lung 
cancer risk was higher in underweight individuals (HR, 1.27; 
95% CI, 1.18 to 1.37), with similar patterns for gastric (HR, 
1.06; 95% CI, 0.97 to 1.15) and pancreatic cancers (HR, 1.14; 
95% CI, 1.03 to 1.25). Liver cancer demonstrated a U-shaped 
association, with elevated risks in both underweight and in 
BMI ≥30 kg/m² groups (Fig. 6).

DISCUSSION

This nationwide study identified distinct clinical characteris-
tics of obese and non-obese diabetes in Korea. The prevalence 
of diabetes was nearly twice as high in individuals with obesity, 
and this disparity persisted over the past 12 years. The differ-
ence was most prominent in adults aged 30–59 years. Obese 
diabetes was characterized by a greater cardiometabolic bur-
den and suboptimal control of risk factors. Although SGLT2 
inhibitors and thiazolidinediones were prescribed more fre-
quently in obese individuals with T2DM, their overall use re-

mained low, and glucagon-like peptide-1 receptor agonists 
(GLP-1RA) were rarely used. The number of metabolic surger-
ies was lower among individuals with diabetes than among 
those without and remained stable between 2019 and 2023. 
Sleeve gastrectomy was the most common procedure, while 
RYGB was more frequently performed in those with diabetes. 
Obesity was also associated with increased incidence of thy-
roid, breast, prostate, and kidney cancers among individuals 
with T2DM. 

Obesity is a chronic metabolic disorder closely linked to 
T2DM [20]. The global increase in both conditions represent a 
major public health concern [21,22], and our findings reflect 
this trend. The gap in diabetes prevalence between obese and 
non-obese individuals was greater in younger adults and nar-
rowed with advancing age, suggesting that excess adiposity 
contributes to earlier diabetes onset [21,22]. Given the cross-
sectional design, it is possible that some individuals with dia-
betes in their 40s and 50s were diagnosed earlier in life, al-
though their obesity status at diagnosis could not be ascer-
tained. In older adults, the difference was less pronounced, 
likely reflecting age-related metabolic alterations such as sarco-

Fig. 5. Trends in the number and types of metabolic surgeries among adults with and without diabetes. (A) Number of people 
undergoing metabolic surgeries from 2019 to 2023. (B) Types of metabolic surgeries performed in people with and without dia-
betes.
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Fig. 6. Cancer risk across body mass index categories in individuals with type 2 diabetes mellitus. (A) Thyroid cancer, (B) lung 
cancer, (C) stomach cancer, (D) colon cancer, (E) breast cancer, (F) prostate cancer, (G) liver cancer, (H) pancreas cancer, (I) gall 
bladder and biliary tract cancer, and (J) kidney cancer. BMI, body mass index. 
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penia, visceral fat redistribution, and chronic inflammation, 
which impair insulin sensitivity regardless of obesity [23]. 
Consistently, Hillier et al. [24] reported higher BMI in early-
onset than in late-onset diabetes. In South Korea, 67.8% of 
young adults with T2DM were obese in 2020 [25]. Earlier on-
set of diabetes is associated with a longer disease duration and 
a higher risk of complications, highlighting the importance of 
early prevention and sustained weight management [6,26].

Glycemic control remained suboptimal in obese diabetes. El-
evated free fatty acids can induce β-cell lipotoxicity, impair in-
sulin secretion, and trigger endoplasmic reticulum stress. Com-
bined with insulin resistance, these mechanisms accelerate hy-
perglycemia [27,28]. In our study, both FMI and HOMA-IR 
were significantly higher in obese diabetes, reflecting greater 
adiposity and insulin resistance that contribute to metabolic 
deterioration. Obese diabetes was also characterized by higher 
energy intake and lower awareness and treatment rates, factors 
that may further impair glycemic control. These findings em-
phasize the need for intensified management of obese diabetes 
as a high-risk phenotype.

Another key finding of this study is the higher prevalence of 
hypertension and dyslipidemia in obese diabetes, indicating a 
greater cardiovascular burden. The coexistence of these comor-
bidities significantly elevates cardiovascular risk [29]. Howev-
er, only one in five patients achieved optimal control of glucose, 
BP, and lipids, revealing significant therapeutic gaps. These 
findings underscore the importance of integrated management 
strategies targeting both metabolic and cardiovascular risks in 
obese diabetes. 

GLP-1RA and SGLT2 inhibitors provide complementary 
benefits, improving metabolic control, reducing cardiovascular 
risk, and promoting weight loss [30]. GLP-1RA may be also ef-
fective in obese diabetes, given the presence of incretin resis-
tance characterized by reduced β-cell responsiveness to GLP-1 
[31] and diminished glucose-dependent insulinotropic poly-
peptide (GIP) action [32]. Nevertheless, the use of these agents 
remained low in this cohort. Although data specific to obese 
diabetes are limited in Korea, previous reports have shown sim-
ilar low prescription rates of these agents among patients with 
diabetes [33]. Limited insurance coverage and the unavailabili-
ty of semaglutide and tirzepatide during the study period likely 
contributed to the low prescription rates. 

Obesity was associated with increased incidence of thyroid, 
breast, prostate, and kidney cancers among individuals with 
T2DM. Elevated glucose, lipid, and insulin levels, together 

with chronic low-grade inflammation, may promote carcino-
genesis through enhanced cellular proliferation and impaired 
apoptosis [34]. Prior meta-analyses have demonstrated that 
obesity and diabetes increase cancer incidence, particularly in 
hormone-related organs [8,9]. A Danish cohort with long-
term follow-up reported additive effects of obesity and diabe-
tes on overall cancer risk [10]. Korean data also reported high-
er thyroid cancer incidence with obesity [35] and a rising pros-
tate cancer risk with increasing BMI among men with diabetes 
[36], likely related to enhanced aromatization of testosterone 
to estradiol in adipose tissue [37]. Kidney cancer risk likewise 
increased with advancing diabetes and BMI [38], supporting 
the role of metabolic overload and lipid accumulation in renal 
tubular injury and tumorigenesis [39]. Pooled analyses in Asian 
populations found no clear link between BMI and pancreatic 
cancer [40,41], although Korean data reported higher risk in 
severe obesity and diabetes [42]. Obesity has also been linked 
to gastric cancer [34], though findings in diabetes remain in-
consistent [43-45]. In our study, pancreatic and gastric cancer 
risks were lower, which may reflect differences in population 
characteristics, metabolic profiles, medication use, or lifestyle 
factors. The inverse relationship between BMI and lung cancer 
risk was consistent with previous observations [46]. However, 
these inverse associations should be interpreted with caution. 
Although BMI was assessed at baseline, prior to cancer diag-
nosis, it remains difficult to determine whether lower BMI in-
creased cancer risk or whether preclinical disease processes led 
to subsequent weight loss. Disease-related weight loss, malnu-
trition associated with advanced disease, or delayed diagnosis 
may have contributed to the observed patterns, particularly 
among underweight individuals. This phenomenon, common-
ly referred to as reverse causation, may partly explain the high-
er risks observed in the underweight group and the apparent 
decline in risk with increasing BMI. Accordingly, these find-
ings should not be interpreted as evidence of a protective effect 
of obesity against these cancers.

Metabolic surgery is effective in improving metabolic out-
comes in patients with T2DM and obesity and may be consid-
ered when lifestyle modification and pharmacologic therapy 
are insufficient [47]. In our study, metabolic surgery was less 
frequently performed in diabetic than in non-diabetic individ-
uals. Sleeve gastrectomy was the most common procedure, 
whereas RYGB and biliopancreatic diversion were more often 
selected in diabetic patients, which may reflect their superior 
metabolic benefits. RYGB enhances insulin sensitivity and 
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β-cell function and rapidly restores incretin response, contrib-
uting to improved glycemic control beyond weight reduction 
through changes in bile acid metabolism and gut microbiota 
[47,48]. 

The strengths of this study include its large, nationally repre-
sentative cohort and the ability to directly compare clinical and 
therapeutic features between obese and non-obese diabetes, 
clarifying phenotype-specific differences in disease burden 
and management. However, this study has several limitations. 
First, BMI was used as a surrogate for adiposity and may not 
fully represent visceral fat or lean mass distribution. Second, 
the cross-sectional design limits causal inference. Third, diabe-
tes type could not be classified in KNHANES because infor-
mation on C-peptide levels, autoimmune markers, and genetic 
testing was not available. Fourth, although longitudinal cancer 
outcomes were analyzed, residual confounding due to unmea-
sured variables such as screening practices or genetic predis-
position cannot be excluded. 

In conclusion, this nationwide analysis showed that obesity 
in diabetes is associated with greater cardiometabolic burden, 
suboptimal risk-factor control, and higher risks of several can-
cers. These findings indicate that obese diabetes represents a 
distinct and more demanding phenotype requiring active and 
structured management. Weight control should be recognized 
as a central component of diabetes care, alongside glycemic 
and cardiovascular risk management. Comprehensive strate-
gies integrating metabolic improvement and weight reduction 
are essential to achieve better long-term outcomes in this pop-
ulation.
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Supplementary Table 1. Estimated proportion of awareness, treatment, and control in obese and non-obese diabetes

Variable Subgroup Awareness ratea, % Treatment rateb, % Control ratec, %

≥30 years

   Total Obese 73.1±1.9 69.2±2.0 39.9±2.0

Non-obese 83.4±1.6 79.1±1.7 42.3±2.1

   Men Obese 71.6±2.5 67.7±2.7 41.6±2.7

Non-obese 81.9±2.3 76.2±2.5 44.5±3.0

   Women Obese 75.3±3.1 71.5±3.1 37.2±2.7

Non-obese 85.1±2.0 82.7±2.0 39.5±2.9

≥65 years

   Total Obese 82.7±2.1 79.1±2.4 41.9±2.9

Non-obese 86.3±1.7 83.0±1.8 40.0±2.6

Values are presented as mean±standard error.
aAwareness rate of diabetes mellitus was defined as the percentage of individuals previously diagnosed with diabetes mellitus among individuals 
with diabetes mellitus, bTreatment rate of diabetes mellitus was defined as the percentage of individuals receiving antidiabetic medications 
among individuals with diabetes mellitus, cControl rate of diabetes mellitus was defined as the percentage of individuals with glycosylated he-
moglobin <6.5%.
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Supplementary Table 2. Diabetes treatment patterns and mean HbA1c levels among adults with diabetes or previously diag-
nosed diabetes, by obesity status

Variable
Obese Non-obese

Total diabetes Diagnosed diabetes Total diabetes Diagnosed diabetes

Diabetes treatment

   No treatment 30.7 5.2 20.5 4.6

   Oral glucose-lowering medications 64.9 88.8 73.7 88.4

   Insulin 4.3 5.9 5.4 6.5

   Non-pharmacologic treatment 0.1 0.2 0.4 0.5

Mean HbA1c levels by age groups, yr

   30–39 7.7 8.3 6.7 6.8

   40–49 7.3 7.2 7.0 6.9

   50–59 7.1 7.2 7.0 7.0

   60–69 6.8 6.8 6.9 7.0

   ≥70 6.8 6.7 6.7 6.7

Values are presented as percentage. 
HbA1c, glycosylated hemoglobin.
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Supplementary Table 3. Prevalence and control rates of hypertension and dyslipidemia among adults with obese and non-obese 
diabetes

Variable
Obese Non-obese

Total Men Women Total Men Women

Hypertensiona

   ≥30 years

      Prevalence 64.9 66.2 67.4 53.9 52.6 55.5

      BP <140/85 mm Hg 65.7 60.5 73.3 66.7 63.5 66.9

   ≥65 years

      Prevalence 81.1 79.8 82.3 68.3 65.6 70.7

      BP <140/85 mm Hg 68.0 66.0 69.8 68.6 70.4 67.1

Dyslipidemiab

   ≥30 years

      Prevalence 78.2 74.3 84.2 70.0 62.0 79.9

      LDL-C <100 mg/dL 53.5 50.0 58.1 62.0 55.5 68.3

   ≥65 years

      Prevalence 75.9 69.8 81.1 65.7 54.0 76.5

      LDL-C <100 mg/dL 65.5 63.4 67.0 72.9 64.9 78.1

Values are presented as percentage. 
BP, blood pressure; LDL-C, low-density lipoprotein cholesterol. 
aHypertension was defined as systolic BP ≥140 mm Hg or diastolic BP ≥90 mm Hg or taking antihypertensive medications, bDyslipidemia was 
defined as LDL-C ≥100 mg/dL or taking lipid-lowering medications.
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Supplementary Table 4. Total energy intake, excess energy intake, and percentages of energy intake from macronutrients among 
adults with obese and non-obese people

Variable
Obese Non-obese

Diabetes Non-diabetes P valuea Diabetes Non-diabetes P valuea

Total energy intake, kcal

   Total 1,900.7 1,933.0 0.502 1,693.6 1,777.1 <0.001

   Men 2,169.8 2,212.5 0.526 1,891.9 2,074.3 <0.001

   Women 1,483.4 1,540.3 0.253 1,443.0 1,563.3 <0.001

Excess energy intakeb, %

   Total 17.1 17.3 0.915 12.4 12.7 0.818

   Men 20.4 20.6 0.963 12.0 14.4 0.217

   Women 11.8 12.6 0.750 13.0 11.5 0.430

Energy intake from macronutrients

   Carbohydrates, %

      Total 62.2 59.7 <0.001 64.6 60.2 <0.001

      Men 60.7 58.0 <0.001 64.4 60.6 <0.001

      Women 64.5 61.9 <0.001 64.8 59.9 <0.001

   Protein, %

      Total 15.7 16.0 0.136 15.2 15.7 0.017

      Men 16.0 16.6 0.081 15.4 15.8 0.152

      Women 15.2 15.3 0.756 15.1 15.6 0.035

   Fat, %

      Total 22.1 24.3 <0.001 20.2 24.1 <0.001

      Men 23.3 25.4 0.001 20.2 23.6 <0.001

      Women 20.2 22.7 <0.001 20.1 24.5 <0.001
aP values are for comparing diabetes and non-diabetes, bExcess energy intake was defined as ≥125% of the estimated energy requirement rec-
ommended by the dietary reference intakes for Koreans 2015.
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Supplementary Table 5. Prevalence of health-related behaviors among adults with obese and non-obese diabetes

Variable
Obese Non-obese

Total Men Women Total Men Women

≥30 years

   Current smokinga 24.2 37.3 3.9 19.1 30.7 4.4

   High-risk alcohol consumptionb 18.3 27.8 3.5 11.4 18.5 2.3

   Regular walkingc 33.3 32.7 34.3 45.2 45.0 45.5

≥65 years

   Current smokinga 9.6 19.1 1.4 12.4 22.9 2.6

   High-risk alcohol consumptionb 6.2 13.2 - 6.7 12.9 0.9

   Regular walkingc 36.6 41.0 32.7 46.8 50.9 43.0

Values are presented as percentage. 
aCurrent smoking was defined as having smoked five packs (or 100 cigarettes) in his or her lifetime and currently smoking cigarettes, bHigh-risk 
alcohol consumption was defined as more than seven drinks twice a week for men and more than five for women, cRegular walking was defined 
as a minimum of 30 minutes a day of walking 5 or more days per week.
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Supplementary Table 6. Body composition among adults with obese and non-obese diabetes

Variable Subgroup BMI, kg/m2 FMI, kg/m2 LMI, kg/m2 ASMI, kg/m2

≥30 years

   Total Obese 28.1 9.5 18.7 7.7

Non-obese 22.5 6.2 16.3 6.6

   Men Obese 27.9 8.3 19.7 8.3

Non-obese 22.6 5.4 17.2 7.2

   Women Obese 28.5 11.3 17.2 6.8

Non-obese 22.4 7.2 15.2 5.9

≥65 years

   Total Obese 27.4 9.5 17.9 7.2

Non-obese 22.5 6.5 16.1 6.4

   Men Obese 27.0 8.0 18.9 7.9

Non-obese 22.5 5.6 16.9 7.0

   Women Obese 27.9 11.1 16.8 6.5

Non-obese 22.5 7.4 15.2 5.7

BMI, body mass index; FMI, fat mass index; LMI, lean mass index; ASMI, appendicular skeletal muscle index.
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Supplementary Table 7. Mean homeostasis model assessment 
of insulin resistance levels among adults with obese and non-
obese people

Non-diabetes Prediabetes Diabetes 

Total 1.35 2.04 3.04 

Obese 1.94 2.76 4.06 

Non-obese 1.19 1.62 2.13 

   Sex

      Men

         Total 1.41 2.10 3.07 

         Obese 1.97 2.72 4.08 

         Non-obese 1.17 1.64 2.12 

      Women

         Total 1.30 1.98 2.99 

         Obese 1.88 2.80 4.03 

         Non-obese 1.20 1.61 2.13 

   Age groups

      19–39 years

         Total 1.50 2.53 5.39 

         Obese 2.22 3.19 6.08 

         Non-obese 1.30 1.88 2.28 

      40–64 years

         Total 1.27 2.02 3.29 

         Obese 1.79 2.74 4.32 

         Non-obese 1.14 1.60 2.17 

      ≥65 years

         Total 1.28 1.85 2.56 

         Obese 1.82 2.47 3.32 

         Non-obese 1.13 1.57 2.08 

Values are presented as percentage. Data from Korea National Health 
and Nutrition Examination Survey, 2019–2021.
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Supplementary Table 8. Antidiabetic medication uses in adults with obese and non-obese individuals with type 2 diabetes mellitus

Variable Total Obese Non-obese

Monotherapy

   Metformin 28,104 (75.9) 14,720 (76.1) 13,384 (75.5)

   DPP-4i 5,379 (14.5) 2,572 (13.3) 2,807 (15.9)

   SGLT2i 1,780 (4.8) 1,142 (5.9) 638 (3.6)

   SU 1,259 (3.4) 656 (3.4) 603 (3.4)

   TZD 354 (1.0) 204 (1.1) 150 (0.8)

   AGI 126 (0.3) 46 (0.2) 80 (0.5)

   Meglitinide 24 (0.1) 10 (0.1) 14 (0.1)

Dual combination of antidiabetic agents

   Metformin+DPP-4i 47,717 (67.2) 23,514 (62.6) 24,203 (72.3)

   Metformin+SGLT2i 12,210 (17.2) 8,023 (21.4) 4,187 (12.5)

   Metformin+SU 5,902 (8.3) 3,159 (8.4) 2,743 (8.2)

   SU+DPP 2,359 (3.3) 1,173 (3.1) 1,186 (3.5)

   Metformin+TZD 1,292 (1.8) 792 (2.1) 500 (1.5)

   Others 1,561 (2.2) 911 (2.4) 650 (1.9)

Triple combination of antidiabetic agents

   Metformin+SU+DPP-4i 31,724 (52.1) 16,190 (48.2) 15,534 (57.0)

   Metformin+SU+SGLT2i 8,939 (14.7) 5,588 (16.6) 3,351 (12.3)

   Metformin+TZD+DPP-4i 5,724 (9.4) 3,389 (10.1) 2,335 (8.6)

   Metformin+DPPi+SGLT2i 2,908 (4.8) 1,811 (5.4) 1,097 (4.0)

   Metformin+SU+TZD 1,066 (1.8) 693 (2.1) 373 (1.4)

   Others 10,472 (17.2) 5,902 (17.6) 4,570 (16.8)

Values are presented as number (%). 
DPP-4i, dipeptidyl peptidase-4 inhibitor; SGLT2i, sodium-glucose cotransporter 2 inhibitor; SU, sulfonylurea; TZD, thiazolidinedione; AGI, al-
pha glucosidase inhibitor. 
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Supplementary Fig. 1. Trends of diabetes prevalence in (A) obese and (B) non-obese adults.

30

20

10

0

30

20

10

0

Pr
ev

al
en

ce
 o

f d
ia

be
te

s (
%

)

Pr
ev

al
en

ce
 o

f d
ia

be
te

s (
%

)

20
19

20
19

20
18

20
18

20
17

20
17

20
16

20
16

20
15

20
15

20
14

20
14

20
13

20
13

20
12

20
12

20
20

20
20

20
21

20
21

20
22

20
22

20
23

20
23

Total TotalMen MenWomen Women

Obese adults Non-obese adultsA B

Year Year


