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Background: The effect of obesity on the development of type 2 diabetes mellitus (DM) in different age groups remains unclear. 
We assessed the impact of obesity on the development of DM for two age groups (40-year-old, middle age; 66-year-old, older 
adults) in the Korean population.
Methods: We analyzed Korean National Health Insurance Service data of 4,145,321 Korean adults with 40- and 66-year-old age 
without DM, between 2009 and 2014. Participants were followed up until 2017 or until the diagnosis of DM. We assessed the risk 
of DM based on the body mass index and waist circumference of the participants. Multiple confounding factors were adjusted.
Results: The median follow-up duration was 5.6 years. The association of general and abdominal obesity with the risk of DM de-
velopment was stronger in the 40-year-old group (general obesity: hazard ratio [HR], 3.566, 95% confidence interval [CI], 3.512 
to 3.622; abdominal obesity: HR, 3.231; 95% CI, 3.184 to 3.278) than in the 66-year-old group (general obesity: HR, 1.739; 95% 
CI, 1.719 to 1.759; abdominal obesity: HR, 1.799; 95% CI, 1.778 to 1.820). In the 66-year-old group, abdominal obesity had a 
stronger association with the development of DM as compared to general obesity. In the 40-year-old group, general obesity had a 
stronger association with the risk of DM development than abdominal obesity. 
Conclusion: The influence of general and abdominal obesity on the development of DM differed according to age. In older 
adults, abdominal obesity had a stronger association with DM development than general obesity.
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INTRODUCTION

Obesity is an important risk factor for multiple conditions, in-
cluding diabetes mellitus (DM) and cardiovascular disease 

[1,2]. It is associated with an estimated 5 to 20 years of de-
creased life expectancy [3]. The prevalence of obesity has in-
creased over the past 50 years worldwide [4,5], in both middle-
aged and older adult populations [6]. 
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Similar to obesity, diabetes has become a serious public 
health concern [7]. Obesity is considered a major driving fac-
tor of the DM epidemic and accounts for 44% of DM cases 
worldwide [8]. This strong association between DM and obesi-
ty has led to the connotation of the term “diabesity” [8].

Age is another important factor in the development of DM 
[9]. Younger age is a protective factor against DM develop-
ment, which significantly attenuates the risk of DM, while old-
er adults become more vulnerable to DM [10]. Moreover, obe-
sity in older adults has led to an increase in the incidence of 
type 2 diabetes mellitus (T2DM), causing high mortality, re-
duced functional status, and increased risk of institutionaliza-
tion [11].

Despite the consensus that age, obesity, and risk of DM are 
significantly related, only a few studies have assessed the inci-
dence of DM based on age and obesity [12,13]. Moreover, 
while body mass index (BMI) is the most commonly used 
measure of general obesity, it does not accurately reflect re-
gional adiposity [14,15]. Waist circumference (WC), a more 
direct measure of abdominal obesity, has been proven to pre-
dict obesity-related outcomes and the risk of DM [14,16]. A 
recent study reported that both BMI and WC could compara-
tively predict the risk of DM in both sexes [17]. However, to 
the best of our knowledge, no study has assessed BMI, WC, 
age, and the risk of DM development altogether. 

Wang et al. showed variations in the impact of metabolic risk 
factors on diabetes risk by age group. Metabolic factors’ popu-
lation attributable risk of incident diabetes is 73.8% in 40 to 64 
years old but decreases thereafter [18]. We hypothesized that 
abdominal obesity and general obesity would have a differen-
tial impact on the risk of diabetes in different age groups. In 
South Korea, people go through a life transition point health 
checkup at the age of 40 and 66, representing mid-life and old-
er adults, respectively. Therefore, we conducted this large-scale 
analysis using the life transition point health checkup data to 
elucidate the relationship between these factors for two differ-
ent age groups in the Korean population, i.e., the 40- and 
66-year-old groups.

METHODS

Study population 
We used the life transition point health checkup data extracted 
from the National Health Insurance Service (NHIS) record, a 
large-scale cohort representing the Korean population [19]. 

NHIS is a nonprofit public insurance group run by the Korean 
government, covering almost the entire Korean population of 
approximately 50 million (97.2%) [20].

When Korean individuals attain the age of 40 and 66 years, 
they undergo a complex health checkup called a life transition 
point health checkup. Screening involves general screening, 
lifestyle assessment, laboratory tests, and consultations by doc-
tors [21,22]. NHIS maintains records of all the data, Interna-
tional Classification of Diseases, Tenth Revision (ICD-10) 
codes, and the treatment administered to the patients [23]. 
Furthermore, this database provides data, including health 
screening questionnaires and laboratory findings, which form 
the Korean National Health Screening (KNHS) database [20]. 
The present study was approved by the NHIS (NHIS-2020-1-
224). Informed consent was waived because all the data were 
anonymized and de-identified.

Covariates
Bodyweight (kg) and height (cm) were recorded using an elec-
tronic scale. WC (cm) was defined as the distance between the 
midpoint of the rib cage and the iliac crest [19]. Blood pressure 
was measured using a sphygmomanometer, with at least 5 
minutes of rest before measurement. All measurements were 
performed by trained examiners. BMI was calculated as weight 
(kg) divided by height (m) squared. Blood samples were col-
lected after at least 8 hours of fasting. A standardized screening 
questionnaire was used to assess health-related behaviors.

Smoking status was categorized as never smoker, past smok-
er, or current smoker, according to the National Health Inter-
view Survey definition [24]. Alcohol consumption was catego-
rized into drinking <30 g/day and drinking ≥30 g/day [25]. 
Participants who engaged in >25 minutes of high-intensity 
physical activity for ≥3 days per week or >30 minutes of mod-
erate-intensity physical activity for ≥5 days per week were 
considered physically active [26]. Participants were categorized 
into the low-income group when their income was in the low-
est 25 percentile of the population.

Study design and definition of diseases
We analyzed the data of Koreans who underwent a life transi-
tion point health checkup between 2009 and 2014 at 40 and 66 
years (n=4,599,190). Our team assessed this database in a pre-
vious study [27]. Participants with the following conditions 
were excluded: missing data on covariates (n=103,780) and 
history of DM at baseline (n=350,089). Finally, 4,145,321 par-
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ticipants were included in the present study, with 2,905,752 
participants in the 40-year-old group and 1,239,569 in the 
66-year-old group. Participants were followed until 2017 or un-
til newly developed DM was detected (Supplementary Fig. 1). 

The development of DM was assessed using the NHIS claims 
record and KNHS record at the end of 2017. Newly developed 
DM was defined as fasting blood glucose of ≥126 mg/dL in 
KNHS after 2009 or antidiabetic medication claim history with 
ICD-10 code E11–14 after 2009 [28,29]. To exclude partici-
pants with DM at baseline, participants with fasting blood glu-
cose of ≥126 mg/dL in KNHS before 2009 or claims history 
for ICD-10 code E11–14 before 2009 were excluded. The risk 
of DM development was assessed based on the BMI and WC 
of the participants. 

We divided the participants into five groups according to 
their BMI (<18.5 [underweight]; 18.5≤ BMI <23 [normal, 
reference]; 23≤ BMI <25 [pre-obese]; 25≤ BMI <30 [obese 
class I]; 30≤ BMI [obese class II]; kg/m2), as per the Korean 
Society for the Study of Obesity (KSSO)’s classification for obe-
sity and a previous study [20,30]. In addition, participants were 
divided into six groups by WC (men: <80.0, 80.0–84.9, 85.0–
89.9, 90.0–94.9, 95.0–99.9, and ≥100.0 cm; women: <75.0, 
75.5–79.9, 80.0–84.9, 85.0–89.9, 90.0–94.9, and ≥95.0 cm). We 
used 85.0–89.9 and 80.0–84.9 cm as the reference for men and 
women, respectively [31]. As East Asians have higher body fat 
percentages compared with non-Asians at the same level of 
BMI, BMI of ≥25 (kg/m2) was defined as general obesity fol-
lowing World Health Organization recommendation and 2018 
KSSO guideline [30,32]. WC of >90 cm for men and >85 cm 
for women were defined as abdominal obesity [31]. 

Hypertension was considered to be present if one of the fol-
lowing criteria was met: systolic blood pressure of ≥140 mm 
Hg or diastolic blood pressure of ≥90 mm Hg and presence of 
ICD codes I 10–15 with a history of antihypertensive medica-
tion claim. Hyperlipidemia was defined if one of the following 
criteria was met: laboratory data (total cholesterol level ≥240 
mg/dL) or ICD code E78 with a claim history of dyslipidemia 
medication. Chronic kidney disease (CKD) was defined as an 
estimated glomerular filtration rate of <60 mL/min/1.73 m2 by 
the Modification of Diet in Renal Disease method [33].

Statistical analysis
Continuous variables were expressed as mean±standard devi-
ation or geometric means (95% confidence interval [CI]) based 
on the distribution of variables. Categorical variables are ex-

pressed as frequency (%). The incidence was calculated per 
1,000 person-years. We used Student’s t-test and Mann-Whit-
ney test to compare continuous variables and the chi-square 
test to compare categorical variables. 

Hazard ratios (HRs) and 95% CI were calculated using the 
Cox proportional hazards model. The multivariable model was 
adjusted for model 1: age, sex; model 2: age, sex, smoking sta-
tus, drinking status, physical activity, and income; and model 
3: age, sex, smoking status, drinking status, physical activity, 
income, hypertension, dyslipidemia, and CKD. Participants 
were divided into the men and women groups, and the same 
analysis was conducted. Subgroup analysis was performed us-
ing the Cox proportional hazards model. 

As a sensitivity analysis, model 4 was created. Model 4 was 
further adjusted for a family history of diabetes, in addition to 
model 3. Participants with missing family history variables 
were additionally removed for model 4 analysis (excluded, 
n=1,392,168, 33.6%; total n=2,753,153 included for the model 
4 analysis). In addition, model 4 was divided into the normo-
glycemia group (fasting glucose level <100 mg/dL) and the 
impaired fasting glucose group (fasting glucose level 100 to 
125 mg/dL). Two-sided P values of <0.05 were considered sta-
tistically significant. All statistical analyses were performed us-
ing SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

RESULTS

Baseline characteristics
Table 1 shows the baseline characteristics of the participants. 
The median follow-up duration was 5.62±1.84 years. The men 
participants were 49.54% in the 40-year-old group and 45.25% 
in the 66-year-old group. The prevalence of hypertension, dys-
lipidemia, and CKD was significantly higher in the 66-year-old 
group (P<0.001). The mean BMI was 23.54±3.36 kg/m2 in the 
40-year-old group and 24.17±2.99 kg/m2 in the 66-year-old 
group (P<0.001). The mean WC was 78.69±9.43 and 82.55± 
8.15 cm in the 40- and 66-year-old groups, respectively. Cur-
rent smoking, alcohol consumption, and physical activity rates 
were higher in the 40-year-old group than in the 66-year-old 
group (P<0.001). The 66-year-old group had a higher lower 
income rate than the 40-year-old group (P<0.001).

Risk of DM development according to age
Table 2 shows the multivariate analysis results. The presence of 
general or abdominal obesity was significantly associated with 
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an increased risk of developing DM (model 3, age 40 years: 
general obesity [HR, 3.556; 95% CI, 3.512 to 3.622], abdominal 
obesity [HR, 3.231; 95% CI, 3.184 to 3.278]; model 3, age 66 
years: general obesity [HR, 1.739; 95% CI, 1.719 to 1.759], ab-
dominal obesity [HR, 1.799; 95% CI, 1.778 to 1.820]).

In both the 40- and 66-year-old groups, BMI and risk of de-
velopment of DM showed a linear association (Ptrend <0.001) 
(Fig. 1). The same trend was observed for WC and the risk of 
development of DM (Ptrend <0.001). 

Table 3 shows the risk of DM development according to age 
and sex. In all age and sex groups, as BMI and WC increased, 
the risk of DM increased (Ptrend <0.001). Overall, the strength 
of association of BMI and WC with DM development was 

greater in the 40-year-old women population than in the 
40-year-old men population. In the 66-year-old group, the 
strength of association of BMI and WC with the risk of DM 
development was similar for both sexes. 

Sensitivity analysis was performed with further adjustment 
with a family history of diabetes. Overall, the significance and 
the trend of association showed a similar result in both nor-
moglycemia and impaired fasting glucose groups (Supplemen-
tary Tables 1 and 2).

Risk of DM development according to the presence or 
absence of general and abdominal obesity
Abdominal obesity in the 66-year-old group had a stronger 

Table 1. Baseline characteristics of study participants (n=4,145,321)

Characteristic 40 years 66 years P value

Number 2,905,752 1,239,569

Male sex 1,439,587 (49.5) 560,882 (45.3) <0.0001

BMI, kg/m2 23.54±3.36 24.17±2.99 <0.0001

WC, cm 78.69±9.43 82.55±8.15 <0.0001

Height, cm 165.61±8.44 158.95±8.29 <0.0001

Body weight, kg 64.91±12.46 61.16±9.44 <0.0001

Systolic blood pressure, mm Hg 118.47±13.74 127.78±15.15 <0.0001

Diastolic blood pressure, mm Hg 74.67±10.04 77.76±9.69 <0.0001

Fasting blood glucose, mg/dL 93.75±15.86 97.87±16.2 <0.0001

Total cholesterol, mg/dL 193.56±34.54 199.55±37.74 <0.0001

HDL-C, mg/dL 56.34±16.74 54.35±17.08 <0.0001

LDL-C, mg/dL 112.76±35.96 119.26±39.13 <0.0001

TG, mg/dL 105.8 (105.72–105.87) 117.13 (117.02–117.23) <0.0001

Current smokinga 804,080 (27.7) 155,769 (12.6) <0.0001

Alcohol drinkingb 233,057 (8.0) 58,234 (4.7) <0.0001

Physically activec 479,820 (16.5) 304,313 (24.6) <0.0001

Low incomed 522,199 (18.0) 297,638 (24.0) <0.0001

HTN 334,549 (11.5) 618,878 (49.9) <0.0001

Dyslipidemia 338,285 (11.6) 425,781 (34.4) <0.0001

CKDe 67,008 (2.3) 127,682 (10.3) <0.0001

Abdominal obesityf 459,249 (15.8) 355,044 (28.6) <0.0001

General obesityg 879,501 (30.3) 456,224 (36.8) <0.0001

Values are presented as number (%), mean±standard deviation, or geometric mean (95% confidence interval).
BMI, body mass index; WC, waist circumfer ence; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; 
TG, triglyceride; HTN, hypertension; CKD, chronic kidney disease.
aCurrent smoking: those who were smoking at the time of interview and who had smoked >100 cigarettes in their lifetime, bAlcohol drinking: 
drinking ≥30 g/day, cPhysically active ≥25 minutes of high-intensity physical activity for ≥3 days per week or >30 minutes of moderate-inten-
sity physical activity for ≥5 days per week, dLow income: participant’s income belonged to the lowest 25 percentile of the population, eCKD: de-
fined by eGFR of <60 mL/min/1.73 m2, fAbdominal obesity: waist circumference of ≥85 cm for men and 75 cm for women, gGeneral obesity: 
BMI of ≥25 kg/m2. 
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Table 2. Hazard ratios for diabetes development in different age groups according to BMI and WC

Variable Number DM Incidence rate,
1,000 person-years Model 1 Model 2 Model 3

40-year-old group

   BMI (per 1)  1.251 (1.249–1.252) 1.249 (1.247–1.251) 1.214 (1.212–1.216)

      General obesitya (BMI ≥25 kg/m2)      

         No 2,026,251 26,827 2.2984 1 (ref) 1 (ref) 1 (ref)

         Yes 879,501 56,766 11.6298 4.412 (4.347–4.479) 4.402 (4.336–4.468) 3.566 (3.512–3.622)

      BMI, kg/m2 

         <18.5 116,685 580 0.8815 0.617 (0.568–0.671) 0.605 (0.556–0.657) 0.622 (0.572–0.676)

         18.5–22.9 1,266,476 11,245 1.5377 1 (ref) 1 (ref) 1(ref)

         23–24.9 643,090 15,002 4.0534 2.333 (2.276–2.391) 2.355 (2.298–2.414) 2.203 (2.149–2.258)

         25–29.9 759,698 40,725 9.5598 5.256 (5.145–5.370) 5.269 (5.157–5.383) 4.419 (4.324–4.516)

         ≥30 119,803 16,041 25.8282 14.947 (14.587–15.317) 14.761 (14.404–15.126) 10.351 (10.091–10.617)

         P for trend   <0.001 <0.001 <0.001

   WC (per 5) 1.591 (1.585–1.596) 1.584 (1.578–1.589) 1.490 (1.484–1.495)

      Abdominal obesityb (WC ≥90/85 cm)      

         No 2,446,503 45,278 3.2215 1 (ref) 1 (ref) 1 (ref)

         Yes 459,249 38,315 15.3379 4.164 (4.107–4.222) 4.104 (4.047–4.162) 3.231 (3.184–3.278)

      WC (men/women), cm      

         <80/75 1,292,629 10,527 1.4104 0.236 (0.230–0.242) 0.236 (0.230–0.242) 0.269 (0.262–0.275)

         80–84.9/75–79.9 665,176 15,252 3.9902 0.586 (0.574–0.598) 0.588 (0.576–0.601) 0.629 (0.615–0.642)

         85–89.9/80–84.9 488,698 19,499 7.0419

         90–94.9/85–89.9 268,210 16,912 11.3561 1.588 (1.555–1.621) 1.576 (1.544–1.609) 1.465 (1.436–1.496)

         95–99.9/90–94.9 118,578 10,817 16.9227 2.401 (2.346–2.458) 2.367 (2.312–2.423) 2.043 (1.995–2.092)

         ≥100/95 72,461 10,586 28.6412 4.203 (4.105–4.304) 4.110 (4.014–4.209) 3.225 (3.148–3.304)

         P for trend   <0.0001 <0.0001 <0.0001

66-year-old group

   BMI (per 1)  1.134 (1.132–1.136) 1.137 (1.135–1.139) 1.117 (1.115–1.119)

      General obesitya (BMI ≥25 kg/m2)      

         No 783,345 59,369 13.7884 1 (ref) 1 (ref) 1 (ref)

         Yes 456,224 63,135 25.968 1.902 (1.880–1.923) 1.933 (1.911–1.955) 1.739 (1.719–1.759)

      BMI, kg/m2

         <18.5 28,362 1,480 9.3677 0.801 (0.760–0.844) 0.770 (0.731–0.811) 0.841 (0.798–0.886)

         18.5–22.9 407,126 26,089 11.5967 1 (ref) 1 (ref) 1 (ref)

         23–24.9 347,857 31,800 16.7541 1.449 (1.426–1.473) 1.481 (1.456–1.505) 1.383 (1.360–1.406)

         25–29.9 415,689 54,590 24.5226 2.136 (2.104–2.167) 2.194 (2.162–2.227) 1.945 (1.916–1.974)

         ≥30 40,535 8,545 41.6512 3.738 (3.648–3.831) 3.817 (3.724–3.912) 3.155 (3.078–3.235)

         P for trend   <0.001 <0.001 <0.001

   WC (per 5) 1.294 (1.289–1.298) 1.296 (1.292–1.301) 1.254 (1.250–1.259)

      Abdominal obesityb (WC ≥90/85 cm)      

         No 884,525 69,546 14.3296 1 (ref) 1 (ref) 1 (ref)

         Yes 355,044 52,958 28.1141 1.980 (1.957–2.002) 1.991 (1.968–2.014) 1.799 (1.778–1.820)

(Continued to the next page)
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Variable Number DM Incidence rate,
1,000 person-years Model 1 Model 2 Model 3

      WC (men/women), cm      

         <80/75 279,645 14,852 9.6115 0.509 (0.499–0.519) 0.500 (0.490–0.510) 0.554 (0.543–0.565)

         80–84.9/79.9 293,367 22,826 14.1726 0.750 (0.738–0.763) 0.747 (0.734–0.759) 0.775 (0.762–0.788)

         85–89.9/80–84.9 311,513 31,868 18.7736

         90–94.9/85–89.9 206,276 26,829 24.211 1.291 (1.270–1.312) 1.292 (1.271–1.313) 1.252 (1.232–1.273)

         95–99.9/90–94.9 98,510 15,901 30.6169 1.649 (1.618–1.680) 1.648 (1.616–1.679) 1.550 (1.521–1.580)

         ≥100/95 50,258 10,228 39.9227 2.173 (2.125–2.222) 2.164 (2.116–2.213) 1.975 (1.931–2.020)

         P for trend   <0.0001 <0.0001 <0.0001

Risk of DM development was expressed as hazard ratio with (95% confidence interval). Model 1 was adjusted for age and sex; Model 2 was ad-
justed for age, sex, smoking status, alcohol consumption, physical activity, and income level; Model 3 was adjusted for age, sex, smoking status, 
alcohol consumption, physical activity, income, hypertension, dyslipidemia, and chronic kidney disease.
BMI, body mass index; WC, waist circumference; DM, diabetes mellitus. 
aGeneral obesity: BMI ≥25 kg/m2, bAbdominal obesity: WC ≥90 cm for men and ≥85 cm for women. 

Table 2. Continued

Fig. 1. Risk of diabetes mellitus (DM) development based on body mass index (BMI). Risk of DM according to BMI in (A) 40 
years old and (B) 66 years old, X-axis=BMI (kg/m2); Y-axis=hazard ratio (HR). Risk of DM according to waist circumference 
(WC) in (C) 40 years old and (D) 66 years old, X-axis=WC, men/women, cm; Y-axis=HR. 

35
30
25
20
15
10

5
0

35
30
25
20
15
10

5
0

6

5

4

3

2

1

0

6

5

4

3

2

1

0

<18

<70/
65

<70/
65

<18

18−
19.

9

70−
74.

9/6
5−

69.
9

70−
74.

9/6
5−

69.
9

18−
19.

9

20−
21.

9

75−
79.

9/7
0−

74.
9

75−
79.

9/7
0−

74.
9

20−
21.

9

22−
23.

9

80−
84.

9/7
5−

79.
9

80−
84.

9/7
5−

79.
9

22−
23.

9

24−
25.

9

85−
89.

9/8
0−

84.
9

85−
89.

9/8
0−

84.
9

24−
25.

9

26−
27.

9

90−
94.

9/8
5−

89.
9

90−
94.

9/8
5−

89.
9

26−
27.

9

28−
29.

9

95−
99.

9/9
0−

94.
9

95−
99.

9/9
0−

94.
9

28−
29.

9

30−
31.

9

100
−104

.9/
95−

99.
9

100
−104

.9/
95−

99.
9

30−
31.

9

32−
33.

9

105
−109

.9/
100

−104
.9

105
−109

.9/
100

−104
.9

32−
33.

9

34−
34.

9

≥110
/10

5

≥110
/10

5

34−
34.

9

40 years

40 years

66 years

66 years

A

C

B

D



Yoo TK, et al.

852 Diabetes Metab J 2023;47:846-858 https://e-dmj.org

Table 3. Hazard ratios for diabetes development in different age groups according to BMI, WC, and sex 

Variable Number DM Incidence rate,
1,000 person-year Model 1 Model 2 Model 3

40-year-old group
   BMI (per 1)
      Men    1.243 (1.241–1.246) 1.242 (1.239–1.244) 1.205 (1.202–1.208)
      Women    1.259 (1.257–1.262) 1.257 (1.254–1.260) 1.219 (1.216–1.222)
      General obesitya (BMI ≥25 kg/m2)       
         Men
            No 840,370 17,418 3.6125 1 (ref) 1 (ref) 1 (ref)
            Yes 599,217 42,040 12.7192 3.540 (3.478–3.603) 3.538 (3.476–3.601) 2.881 (2.829–2.934)
         Women
            No 1,185,881 9,409 1.3735 1 (ref) 1 (ref) 1 (ref)

            Yes 280,284 14,726 9.3448 6.819 (6.645–6.998) 6.777 (6.604–6.955) 5.256 (5.117–5.400)
   BMI, kg/m2      
      Men
         <18.5 25,549 282 1.9191 0.750 (0.666–0.845) 0.718 (0.637–0.809) 0.766 (0.680–0.863)
         18.5–22.9 436,903 6,453 2.5621 1 (ref) 1 (ref) 1 (ref)
         23–24.9 377,918 10,683 4.9551 1.937 (1.878–1.998) 1.969 (1.909–2.031) 1.807 (1.752–1.864)
         25–29.9 525,991 31,133 10.6246 4.168 (4.058–4.282) 4.201 (4.090–4.316) 3.463 (3.370–3.558)
         ≥30 73,226 10,907 29.0887 11.555 (11.205–11.917) 11.459 (11.111–11.818) 7.944 (7.694–8.202)
         P for trend    <0.0001 <0.0001 <0.0001
      Women
         <18.5 91,136 298 0.5831 0.589 (0.524–0.662) 0.581 (0.517–0.653) 0.598 (0.532–0.672)
         18.5–22.9 829,573 4,792 0.9995 1 (ref) 1 (ref) 1 (ref)
         23–24.9 265,172 4,319 2.7953 2.788 (2.675–2.905) 2.791 (2.679–2.908) 2.588 (2.483–2.697)
         25–29.9 233,707 9,592 7.2135 7.221 (6.975–7.476) 7.193 (6.948–7.447) 5.939 (5.733–6.152)
         ≥30 46,577 5,134 20.8608 21.110 (20.295–21.959) 20.787 (19.983–21.623) 13.851 (13.287–14.440)
         P for trend    <0.001 <0.001 <0.001
   WC (per 5)
      Men    1.549 (1.542–1.556) 1.541 (1.534–1.548) 1.446 (1.439–1.453)
      Women    1.653 (1.644–1.662) 1.647 (1.639–1.656) 1.539 (1.530–1.548)
      Abdominal obesityb (WC ≥90/85 cm)       
         Men
            No 1,126,905 31,287 4.8632 1 (ref) 1 (ref) 1 (ref)
            Yes 312,682 28,171 16.6361 3.446 (3.391–3.501) 3.392 (3.338–3.447) 2.722 (2.676–2.768)
         Women
            No 1,319,598 13,991 1.8357 1 (ref) 1 (ref) 1 (ref)
            Yes 146,567 10,144 12.6061 6.912 (6.737–7.091) 6.817 (6.645–6.994) 4.991 (4.858–5.128)
   WC, cm       
      Men
         <80 419,056 5,657 2.3466 0.290 (0.281–0.299) 0.289 (0.280–0.298) 0.337 (0.326–0.347)
         80–84.9 386,738 11,009 4.977 0.615 (0.600–0.631) 0.618 (0.603–0.634) 0.661 (0.645–0.677)
         85–89.9 321,111 14,621 8.0745 1 (ref) 1 (ref) 1 (ref)
         90–94.9 187,252 12,954 12.5149 1.555 (1.518–1.592) 1.542 (1.506–1.578) 1.439 (1.405–1.473)
         95–99.9 80,393 8,076 18.7646 2.343 (2.280–2.408) 2.305 (2.244–2.369) 2.007 (1.953–2.063)
         ≥100 45,037 7,141 31.334 3.944 (3.834–4.057) 3.849 (3.741–3.959) 3.064 (2.977–3.154)
         P for trend    <0.0001 <0.0001  <0.0001

(Continued to the next page)
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Variable Number DM Incidence rate,
1,000 person-year Model 1 Model 2 Model 3

      Women
         <75 873,573 4,870 0.9638 0.189 (0.182–0.197) 0.190 (0.183–0.198) 0.218 (0.210–0.227)
         75–79.9 278,438 4,243 2.6347 0.517 (0.496–0.538) 0.518 (0.497–0.540) 0.555 (0.532–0.578)
         80–84.9 167,587 4,878 5.0906 1 (ref) 1 (ref) 1 (ref)
         85–89.9 80,958 3,958 8.7149 1.717 (1.647–1.791) 1.709 (1.639–1.782) 1.574 (1.510–1.642)
         90–94.9 38,185 2,741 13.1263 2.598 (2.479–2.722) 2.573 (2.456–2.697) 2.154 (2.055–2.258)
         ≥95 27,424 3,445 24.3105 4.846 (4.640–5.063) 4.762 (4.559–4.975) 3.508 (3.355–3.669)
         P for trend    <0.001 <0.001 <0.001
66-year-old group
   BMI (per 1)
      Men 1.127 (1.124–1.130) 1.135 (1.131–1.138) 1.114 (1.111–1.117)
      Women 1.139 (1.136–1.142) 1.139 (1.136–1.141) 1.118 (1.116–1.121)
      General obesitya (BMI ≥25 kg/m2)
         Men
            No 372,352 31,461 15.4186 1 (ref) 1 (ref) 1 (ref)
            Yes 188,530 27,002 27.2769 1.768 (1.739–1.797) 1.823 (1.793–1.853) 1.653 (1.626–1.681)
         Women
            No 410,993 27,908 12.32 1 (ref) 1 (ref) 1 (ref)
            Yes 267,694 36,133 25.069 2.033 (2.002–2.065) 2.036 (2.004–2.068) 1.819 (1.790–1.848)
      BMI, kg/m2

         Men
            <18.5 14,978 980 11.7237 0.884 (0.829–0.943) 0.841 (0.789–0.898) 0.907 (0.850–0.968)
            18.5–22.9 195,316 14,323 13.2616 1 (ref) 1 (ref) 1 (ref)
            23–24.9 162,058 16,158 18.4277 1.389 (1.358–1.421) 1.438 (1.406–1.471) 1.347 (1.317–1.378)
            25–29.9 178,104 24,681 26.3015 1.981 (1.941–2.023) 2.077 (2.034–2.120) 1.854 (1.816–1.894)
            ≥30 10,426 2,321 45.0361 3.388 (3.242–3.540) 3.558 (3.405–3.718) 2.974 (2.844–3.109)
            P for trend    <0.0001 <0.0001 <0.0001
        Women
            <18.5 13,384 500 6.7206 0.668 (0.611–0.731) 0.655 (0.599–0.716) 0.724 (0.662–0.792)
            18.5–22.9 211,810 11,766 10.0595 1 (ref) 1 (ref) 1 (ref)
            23–24.9 185,799 15,642 15.317 1.522 (1.486–1.559) 1.529 (1.493–1.566) 1.428 (1.394–1.462)
            25–29.9 237,585 29,909 23.2263 2.307 (2.258–2.356) 2.315 (2.266–2.365) 2.042 (1.998–2.087)
            ≥30 30,109 6,224 40.5156 4.023 (3.901–4.148) 4.013 (3.891–4.138) 3.279 (3.179–3.383)
            P for trend    <0.001 <0.001 <0.001
   WC (per 5)   
      Men 1.277 (1.270–1.283) 1.284 (1.277–1.291) 1.244 (1.237–1.250)
      Women 1.307 (1.301–1.313) 1.306 (1.300–1.312) 1.262 (1.256–1.268)
      Abdominal obesityb (WC ≥90/85 cm)
         Men
            No 415,340 35,776 15.7715 1 (ref) 1 (ref) 1 (ref)
            Yes 145,542 22,687 29.7736 1.886 (1.854–1.917) 1.910 (1.879–1.943) 1.736 (1.707–1.766)
         Women
            No 469,185 33,770 13.0643 1 (ref) 1 (ref) 1 (ref)
            Yes 209,502 30,271 26.9868 2.064 (2.032–2.096) 2.059 (2.027–2.091) 1.852 (1.823–1.881)

Table 3. Continued

(Continued to the next page)
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numerical association with DM development than general 
obesity. At the same time, general obesity had a greater associa-
tion with the development of DM than abdominal obesity in 
the 40-year-old group (age 40 years: general obesity [–]/ab-
dominal obesity [–], reference; general obesity [–]/abdominal 
obesity [+], HR 2.175; general obesity [+]/abdominal obesity 

[–], HR 2.624; general obesity [+]/abdominal obesity [+], HR 
4.935; age 66 years: general obesity [–]/abdominal obesity [–], 
reference; general obesity [–]/abdominal obesity [+], HR 
1.549; general obesity [+]/abdominal obesity [–], HR 1.445; 
obesity [+]/abdominal obesity [+], HR 2.089) (Fig. 2, Supple-
mentary Table 3).

Variable Number DM Incidence rate,
1,000 person-year Model 1 Model 2 Model 3

      WC, cm
         Men
            <80 133,927 8,219 11.053 0.544 (0.529–0.558) 0.528 (0.514–0.542) 0.581 (0.566–0.597)
            80–84.9 141,580 12,255 15.861 0.780 (0.762–0.799) 0.773 (0.755–0.792) 0.801 (0.782–0.820)
            85–89.9 139,833 15,302 20.3443 1 (ref) 1 (ref) 1 (ref)
            90–94.9 91,309 12,585 26.0027 1.278 (1.248–1.308) 1.282 (1.252–1.312) 1.245 (1.216–1.275)
            95–99.9 37,933 6,599 33.6331 1.651 (1.604–1.700) 1.656 (1.609–1.705) 1.565 (1.520–1.611)
            ≥100 16,300 3,503 42.8295 2.104 (2.028–2.182) 2.104 (2.028–2.182) 1.935 (1.865–2.008)
            P for trend    <0.0001 <0.0001 <.0001
         Women
            <75 145,718 6,633 8.2743 0.473 (0.460–0.486) 0.471 (0.458–0.485) 0.523 (0.508–0.538)
            75–79.9 151,787 10,571 12.6156 0.720 (0.703–0.738) 0.720 (0.703–0.738) 0.748 (0.730–0.767)
            80–84.9 171,680 16,566 17.5238 1 (ref) 1 (ref) 1 (ref)
            85–89.9 114,967 14,244 22.8216 1.302 (1.273–1.332) 1.300 (1.271–1.330) 1.257 (1.229–1.286)
            90–94.9 60,577 9,302 28.7856 1.642 (1.601–1.684) 1.636 (1.595–1.678) 1.532 (1.493–1.572)
            ≥95 33,958 6,725 38.5595 2.200 (2.139–2.264) 2.186 (2.124–2.248) 1.977 (1.922–2.034)
            P for trend    <0.001 <0.001 <0.001

Risk of DM development was expressed as hazard ratio with (95% confidence interval). Model 1 was adjusted for age, sex; Model 2 was adjusted 
for age, sex, smoking status, alcohol consumption, physical activity, and income level; Model 3 was adjusted for age, sex, smoking status, alcohol 
consumption, physical activity, income, hypertension, and dyslipidemia.
BMI, body mass index; WC, waist circumference; DM, diabetes mellitus. 
aGeneral obesity: BMI ≥25 kg/m2, bAbdominal obesity: WC ≥90 cm for men and ≥85 cm for women.

Table 3. Continued

Fig. 2. Risk of diabetes mellitus development based on presence of general and abdominal obesity, (A) 40 years old, (B) 66 years 
old. X-axis=presence of general obesity or abdominal obesity; Y-axis=hazard ratio. General obesity (+)=body mass index (BMI) 
≥25 kg/m2; general obesity (–)=BMI <25 kg/m2; abdominal obesity (+)=waist circumference (WC) ≥90 cm for men and ≥85 
cm for women; abdominal obesity (–)=WC <90 cm for men and <85 cm for women.
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Subgroup analysis
First, we analyzed the factors that can affect the relationship 
between BMI and the risk of DM development. In the 40-year-
old group, income level did not show any significant interac-
tion with the development of DM (Pinter=0.552), while all other 
factors showed significant interactions (Pinter<0.001); however, 
in the 66-year-old group, physical activity level (Pinter=0.055) 
and income level (Pinter=0.260) showed no significant interac-
tions, while other factors showed significant interactions with 
the risk of development of DM (CKD, P=0.016; all other fac-
tors, Pinter<0.001).

The same analysis was performed for WC and the risk of 
DM development for both groups. In the 40-year-old group, 
physical activity was not significantly interact with the risk of 
DM development (Pinter=0.243), while all other factors showed 
significant interactions with WC and the risk of DM develop-
ment (CKD, Pinter=0.013; all other factors, Pinter<0.001). In the 
66-year-old group, physical activity level and income level did 
not show any significant interactions (physical activity, Pinter= 
0.453; income level, Pinter=0.245), while all other factors showed 
significant interactions between WC and risk of DM develop-
ment (CKD, Pinter=0.009; all other factors, Pinter<0.001) (Sup-
plementary Tables 4 and 5).

DISCUSSION

Our findings showed that general obesity and abdominal obe-
sity had a significant linear relationship with the risk of DM 
development in both the 40- and 66-year-old groups. Both 
general and abdominal obesity had a stronger numerical asso-
ciation with DM development in the 40-year-old group as 
compared to that in the 66-year-old group. Abdominal obesity 
had a greater numerical association with DM development 
than general obesity in the 66-year-old group, whereas general 
obesity had a stronger numerical association with DM devel-
opment than abdominal obesity in the 40-year-old group. 
Lastly, both general and abdominal obesity had a greater asso-
ciation with DM development in women than in men for the 
40-year-old group, but the strength of association was similar 
in both men and women participants for the 66-year-old 
group. These findings were consistent after adjusting for con-
founding factors. Our study is unique as we compared the dif-
ferent impacts of BMI and WC in different age groups and sex 
in one single large cohort.

Ohn et al. [34] showed that poor insulin β-cell function and 

the inability to compensate for the declining insulin sensitivity 
with aging contributed to the development of DM in the Kore-
an population. Due to this physiological change, the incidence 
and susceptibility to T2DM increased with age [35]. Neverthe-
less, the prevalence of T2DM is increasing in young individu-
als, and the increasing prevalence of obesity is speculated to be 
the underlying cause [12].

Chen et al. [12] assessed the relationship between BMI and 
risk of DM development according to age in 211,833 Chinese 
individuals and demonstrated a linear relationship between 
BMI and the risk of DM development. In the same study, the 
effect of BMI was greater in younger adults than in older indi-
viduals [12]. Another study on Australian women showed that 
BMI in young adults was positively associated with the devel-
opment of T2DM in the future, suggesting a cumulative effect 
of obesity [36]. The impact of obesity on the incidence of DM 
gradually declined with age, indicating that older adults were 
less affected by the increased risk of DM posited by weight gain 
than younger adults [37]. Our study is consistent with previous 
studies on the association of BMI and risk of DM development 
for different age groups.

WC has been consistently associated with the risk of DM de-
velopment [38,39]. A previous study on 61,587 Chinese adults 
showed an increased risk of DM development in an abdominal 
obesity population [37]. Our study shows a similar association. 
Similar to BMI and DM development risk, the impact of high 
WC was greater in the 40-year-old age group than in the 
66-year-old age group. These findings suggest that not only 
general obesity, but also abdominal obesity might have a stron-
ger effect on the risk of DM development in younger age group 
than in the older adults group. In addition, in the 66-year-old 
group, WC might have a stronger impact on the risk of DM 
development than BMI. 

There is a controversy regarding the optimal cut off values in 
WC to predict metabolic risk in Asian older adults, as each 
previous study suggested different cut off values [40,41]. Re-
gardless, the studies suggest increased metabolic risk in older 
adults with increased WC [40,41]. Aging promotes the redis-
tribution of lipids from subcutaneous fat to the abdominal vis-
ceral compartment [42]. This age-related fat redistribution 
may explain our findings. In conclusion, we suggest that ab-
dominal obesity might be associated with the development of 
DM more strongly than general obesity in older adults.

Notably, high BMI and WC had a stronger association with 
the risk of DM development in women than in men for the 
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40-year-old group; however, this difference was attenuated in 
the 66-year-old group. Women have a higher percentage of 
body fat and are more prone to the negative effects of the accu-
mulation of fat [37]. In women, fat tends to deposit in the sub-
cutaneous areas, whereas in men, fat accumulates in the vis-
ceral areas [43]. However, after menopause, the effect of estro-
gen fades in women, causing the redistribution of fat from the 
peripheral subcutaneous fat to visceral areas [44]. A similar 
distribution pattern of fat in men and postmenopausal women 
may explain the similar strength of associations between WC, 
BMI, and risk of DM development in the men and women of 
the 66-year-old group.

Our study has several strengths. First, we included a large 
number of participants to represent the Korean population of 
the community. A previous study that assessed the relationship 
among BMI, age and risk of DM development was limited be-
cause of its relatively weak representation [12]. Second, we 
evaluated both relatively young and older adult populations. 
Previous studies have mainly investigated older adult popula-
tions [12]. Third, we assessed both general and abdominal 
obesity and the risk of DM. By incorporating WC into our as-
sessment, our results demonstrated that different components 
of obesity could differentially affect the development of DM. 
Fourth, we assessed men and women separately to determine 
the difference in the impact of general and abdominal obesity 
on the development of DM for both sexes.

 Despite the aforementioned strengths, our study had several 
limitations. First, although our results supported the potential 
relationship among age, BMI, WC, and the risk of DM devel-
opment, this could not be confirmed due to the retrospective 
nature of the study. In addition, registration bias and selection 
bias should be considered. Second, parts of our data used self-
reported information by participants, which could cause infor-
mation bias. Third, our study incorporated a single ethnic 
group, the Korean population. Fourth, we assessed only two 
age groups, i.e., 40 and 66 years. Other age groups might show 
different associations. Fifth, conditions that may interfere with 
serum glycemia, such as corticosteroid use and pancreatopa-
thies were not evaluated. Sixths, even though we screened dia-
betes with multiple methods, glycosylated hemoglobin data at 
screening and during the follow-up was unavailable. Lastly, 
our study did not assess the body composition, visceral adipos-
ity index, or muscle mass of study participants, which could af-
fect fat accumulation and DM development [45,46]. To miti-
gate this limitation, we assessed the physical activity of partici-

pants, which could indirectly reflect the muscular mass of the 
participants [47,48]. 

In conclusion, general and abdominal obesity increase the 
risk of diabetes, regardless of age and sex. In addition, the in-
fluence of general and abdominal obesity on the development 
of diabetes differed according to age and sex. Future prospec-
tive study is needed to confirm the differential impact of obesi-
ty according to age and sex. Nevertheless, our results support 
the importance of early intervention for obesity to prevent dia-
betes.
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