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Background: Waist circumference (WC) is a well-known obesity index that predicts cardiovascular disease (CVD). We studied 
the relationship between baseline WC and development of incident myocardial infarction (MI) and ischemic stroke (IS) using a 
nationwide population-based cohort, and evaluated if its predictability is better than body mass index (BMI).
Methods: Our study included 21,749,261 Koreans over 20 years of age who underwent the Korean National Health Screening be-
tween 2009 and 2012. The occurrence of MI or IS was investigated until the end of 2015 using National Health Insurance Service data. 
Results: A total of 127,289 and 181,637 subjects were newly diagnosed with MI and IS. The incidence rate and hazard ratio of MI 
and IS increased linearly as the WC level increased, regardless of adjustment for BMI. When the analyses were performed accord-
ing to 11 groups of WC, the lowest risk of MI was found in subjects with WC of 70 to 74.9 and 65 to 69.9 cm in male and female, 
and the lowest risk of IS in subjects with WC of 65 to 69.9 and 60 to 64.9 cm in male and female, respectively. WC showed a bet-
ter ability to predict CVD than BMI with smaller Akaike information criterion. The optimal WC cutoffs were 84/78 cm for male/
female for predicting MI, and 85/78 cm for male/female for predicting IS.
Conclusion: WC had a significant linear relationship with the risk of MI and IS and the risk began to increase from a WC that 
was lower than expected. 
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INTRODUCTION

The years of potential life lost according to cardiovascular dis-

ease (CVD) are increasing worldwide [1]. Ischemic heart dis-
ease and ischemic stroke (IS), which are the first and second 
most common cause of mortality from CVD, are positively 
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correlated with obesity [2]. The increase in adipose tissue due 
to obesity leads to the atherosclerosis and cardiovascular out-
come by exacerbation of dyslipidemia, increased insulin resis-
tance, induction of several cytokines and inflammatory mark-
ers through adipokines, oxidative stress, pro-coagulation, en-
dothelial dysfunction, changes in hemodynamics, and ventric-
ular dysfunction [3]. In particular, the increase in visceral fat 
has been demonstrated in various studies as showing a signifi-
cant relationship between the risk of CVD and obesity [4-6].

Body mass index (BMI) is the most frequently used mea-
surement for obesity. However, body adiposity differs accord-
ing to age, sex, and ethnicity, and BMI alone is not able to dis-
tinguish between a person with excess fat and a person with 
high muscle mass, who would thus have the same cardiovascu-
lar risk [7]. Waist circumference (WC) is another measure of 
obesity, which considers fat distribution and correlates well 
with abdominal imaging in its ability to discriminate visceral 
adiposity from simple obesity [8]. Recent studies have empha-
sized that where fat accumulates is more important than the 
simple fat mass [9]. Thus, indices that reflect central obesity 
such as WC, waist-hip ratio (WHR), and waist-height ratio 
(WHtR) have gained popularity for the measurement of rela-
tive visceral fat distribution [10,11].

The World Health Organization recommends, for the global 
population, starting obesity management from a WC of >90 
cm in male and >80 cm in female because of increasing the 
metabolic complications [12]. The risk of CVD caused by ab-
dominal obesity varies from race to ethnicity [5], so each eth-
nicity has its own standard value for the management of obesi-
ty [13]. Asians have a relatively lower WC cutoff point, because 
of a relatively larger amount of visceral adipose tissue com-
pared with other races [14,15]. However, these criteria raised 
several issues, since the guidelines were based on epidemiolog-
ical data from Chinese living in Hong Kong and Singapore, not 
including other ethnic groups in Asia [16,17]. In addition, even 
within Asian ethnicity, there are efforts to define their own op-
timal WC cutoffs for the prediction of CVD risk [18,19].

Although numerous studies suggest WC as the optimal indi-
cator of abdominal obesity, the usage of WC as the definite 
marker of obesity is limited due to the lack of objectivity of 
measurement. In addition, there are still controversies regard-
ing the superiority of WC to BMI for the detection of CVD 
risk. Therefore, we investigated the relationship between base-
line WC and incident myocardial infarction (MI) and IS in 
21,749,261 Korean adults using a nationwide population-

based study. Furthermore, we included BMI in the analyses, to 
see whether WC or BMI could be the better predictor for CVD 
than the other.

 
METHODS

Database of the National Health Insurance Service
Nearly all (97.2% of the Korean populations, approximately 50 
million) Koreans are covered by the National Health Insurance 
Service (NHIS), which is a nonprofit, single-payer organiza-
tion provided by the Korean government. The NHIS maintains 
patients’ demographic information, examination, claims for 
disease diagnosis codes of the International Classification of 
Diseases (ICD-10) and treatment that can be used to produce 
a population-based cohort. [20]. Insured Korean adults over 
the age of 40 and employees over the age of 20 undergo regular 
health checkups provided by the NHIS every 1 or 2 years. The 
Korean National Health Screening databases obtained through 
these checkups provide a variety of information including an-
thropometric measurements, health questionnaires and labo-
ratory findings. These databases and the aforementioned na-
tionwide medical records were combined and analyzed to con-
struct a cohort for investigating health problems, after the 
NHIS approved the use of its database for the research (re-
search number NHIS-2017-1-201).

Our study protocol was approved by the official review com-
mittee and the Institutional Review Board of the Korea Na-
tional Institute for Bioethics Policy (P01-201603-21-005) and 
informed consent was waived because of the anonymous na-
ture of the data. This study was carried out according to the 
ethical principles of the Declaration of Helsinki. 

Study population
Our study included 21,749,261 Koreans over 20 years of age 
who underwent the Korean National Health Screening be-
tween 2009 and 2012. Baseline enrollment was conducted for 
participants who had health screening for 4 years from 2009 to 
2012 (n=23,503,802); participants with missing data of base-
line characteristics and covariates (n=125,699) or were young-
er than 20 years of age (n=50,430) were excluded first from the 
study. Participants previously diagnosed with MI (at least 1 
claim with the ICD code I21 or I22; n=414,810) or IS (at least 
1 claim with ICD code I63 or I64; n=1,008,422) identified with 
the records of NHIS, or a history of heart disease or stroke ac-
cording to the self-administered questionnaire of health screen-
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ing (n=664,487) were further excluded (total n=1,578,412), 
leaving 21,749,261 subjects participating in the study (Supple-
mentary Fig. 1). 

Anthropometric measurement and baseline characteristics
Body weight (kg) and height (cm) were measured using an 
electronic scale, and WC (cm) was measured at the middle 
point between the rib cage and iliac crest by trained examiners. 
All blood samples were collected after fasting, and blood pres-
sure was measured using a sphygmomanometer after 5 min-
utes of rest. Baseline health behaviors such as income, smok-
ing, alcohol drinking and exercise were confirmed through 
standardized questionnaires. The diagnosis of diabetes, hyper-
tension, and hyperlipidemia was confirmed using laboratory 
data (fasting blood glucose level ≥126 mg/dL; systolic blood 
pressure ≥140 mm Hg and diastolic blood pressure ≥90 mm 
Hg; total cholesterol levels ≥240 mg/dL) or ICD code (ICD-10 
code E11 to 14; I10 to I15; or E78) with a claim of for medica-
tion for the individual disease. Cancer was defined as patient 
registration in the NHIS with ICD-10 code C, and chronic ob-
structive pulmonary disease (COPD) was defined as ICD-10 
codes J41 to J44.

Study design and outcomes
We recorded newly diagnosed MI and IS of participants using 
the claim records of NHIS until the end of 2015. MI was de-
fined when a claim of ICD code I21 or I22 through the NHIS 
was made at least twice, or once if hospitalization was required, 
during the observation period. IS was confirmed by the ICD 
code I63 or I64 with hospitalization and a claim for computed 
tomography or magnetic resonance imaging. The WC of sub-
jects was divided into six levels at intervals of 5 cm, and the in-
cidence rates (IR, per 1,000 person years) and hazard ratio 
(HR) of newly diagnosed MI or IS were compared to deter-
mine how the risk of CVD changes as the WC level increases, 
using a reference range of 85 to 89.9 cm for male and 80 to 84.9 
cm for female. These were the reference ranges immediately 
preceding the current standard of abdominal obesity in Kore-
an male and female (≥90 and ≥85 cm, respectively) [18]. 

Furthermore, WC was divided into 11 levels for analysis to 
identify the detailed differences and lowest level in risk accord-
ing to WC. HRs were compared according to BMI to confirm 
the impact of BMI on CVD, divided into five levels (from un-
derweight to obese) using 18.5 to 22.9 kg/m2 as the normal ref-
erence range for adult Koreans [21,22].

Statistical analysis
HRs were assessed using the Cox proportional hazards model 
with a 95% confidence interval (CI) by analyzing the risk of MI 
and IS according to baseline BMI or WC. We conducted mul-
tivariable adjustments of age, sex, health behaviors (income 
below the 20th percentile or not, current smoking or not, 
drinking more than 30 g/day or not, regular exercise or not; 
vigorous exercise ≥3 days/week or moderate exercise ≥5 days/
week) and underlying diseases (hypertension, diabetes, dyslip-
idemia, COPD, and cancer) that could affect the outcome, and 
further included BMI or WC levels as a calibration variable in 
the analyses of WC or BMI to demonstrate independent rela-
tionships not affected by another anthropometric marker. In 
multivariate models that include WC and BMI in the same 
model, variance inflation factor (VIF) values were calculated 
and VIF values did not exceed 10. Therefore, we assumed that 
including these two factors in the same model would not have 
a multicollinearity problem. Continuous HR according to the 
change of the standard deviation of BMI and WC were ana-
lyzed and Akaike information criterion (AIC) was calculated 
were calculated to compare the predictive value for CVD be-
tween BMI and WC. Receiver operating characteristics (ROC) 
curve analyses were performed to calculate optimal WC cut-
offs for predicting MI and IS. 

For the designation of levels of WC, we’ve drawn log-log 
survival plot for each outcome in total and different sex groups 
to confirm whether six or 11 levels of WC groups satisfied pro-
portional hazard assumption. As the curves were parallel ac-
cording to different WC levels, we could assume these models 
satisfied proportional hazard assumptions.

Categorical variables were analyzed using the chi-square 
test, and continuous variables were analyzed using analysis of 
variance. SAS version 9.3 (SAS Institute Inc., Cary, NC, USA) 
was used for all statistical analyses.

RESULTS

Baseline characteristics
The mean duration of follow-up of participants was 5.44 years, 
and the median time to development of both MI and IS was 
2.99 years. BMI, blood pressure, fasting glucose, total choles-
terol, triglyceride and prevalence of hypertension, diabetes and 
dyslipidemia tended to increase as the WC level increased 
from 1 to 6 (Table 1). The top 80th percentile of WC was iden-
tified as 90 cm for male and 83 cm for female. The baseline 
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characteristics showed similar trends in male and female (Sup-
plementary Table 1).

WC analysis in six levels
Of the total 21,749,261 participants, 127,289 (0.59% of total) 

were newly diagnosed with MI and 181,637 (0.84%) were di-
agnosed with IS. The IRs and HRs after adjusting variables in-
creased linearly with increasing WC level with 5-cm intervals 
from the lowest (male <80 cm, female <75 cm; IR, 0.639; HR, 
0.851; 95% CI, 0.837 to 0.865; P<0.0001) to the highest (male 

Table 1. Baseline characteristics of participants according to baseline WC (in six levels)

Characteristic
WC levelsa

1 2 3 4 5 6

Number 8,386,445 5,032,969 4,162,947 2,437,161 1,101,851 627,888
Male sex 3,312,345 (39.5) 2,903,610 (57.7) 2,457,563 (59.0) 1,465,226 (60.1) 612,705 (55.6) 317,643 (50.6)
WC, cm
   Total 70.9±5.0 79.8±2.9 84.8±2.9 89.7±2.8 94.4±2.9 101.5±4.8
   Male 74.6±3.8 82.0±1.4 86.8±1.4 91.7±1.4 96.6±1.4 103.7±4.1
   Female 68.5±4.1 76.9±1.4 81.8±1.4 86.7±1.4 91.6±1.4 99.2±4.5
Age, yr 42.1±13.4 47.4±13.1 49.8±13.2 51.1±13.5 51.8±14.0 50.6±15.0
   <40 3,595,417 (42.9) 1,376,730 (27.4) 909,701 (21.9) 488,872 (20.1) 223,869 (20.3) 159,629 (25.4)
   40–64 4,235,117 (50.5) 3,117,804 (62.0) 2,652,571 (63.7) 1,520,454 (62.4) 653,583 (59.3) 340,373 (54.2)
   ≥65 555,911 (6.6) 538,435 (10.7) 600,675 (14.4) 427,835 (17.6) 224,399 (20.4) 127,886 (20.4)
BMI, kg/m2 21.05±2.06 23.52±1.89 25.01±2.01 26.52±2.16 28.11±2.37 30.78±3.20
   ≥25 227,951 (2.7) 1,033,886 (20.5) 2,056,586 (49.4) 1,875,224 (76.9) 1,008,709 (91.6) 606,915 (96.7)
Height, cm 162.4±8.3 164.3±9.1 164.5±9.5 164.9±9.8 164.6±10.3 164.7±10.7
Weight, kg 55.6±7.8 63.6±8.5 67.9±9.4 72.4±10.4 76.5±11.5 83.8±13.9
SBP, mm Hg 116.6±13.9 122.3±14.4 125.1±14.6 127.4±14.8 129.3±15.0 131.7±15.5
DBP, mm Hg 72.9±9.5 76.2±9.7 77.9±9.9 79.2±10.0 80.3±10.1 81.7±10.5
Total cholesterol, mg/dL 186.3±34.1 196.6±36.1 201.1±37.0 203.5±37.8 205.2±38.5 206.2±39.2
TG, mg/dL 99.5±74.8 135.5±103.3 155.2±118.2 170.2±129.0 178.3±133.2 183.7±136.4
HDL-C, mg/dL 60.0±18.5 55.1±19.8 53.1±20.3 51.9±20.5 51.4±20.5 51.1±20.4
LDL-C, mg/dL 108.0±45.1 116.2±43.7 119.0±43.4 119.9±44.1 120.6±44.6 120.8±44.0
Fasting glucose, mg/dL 92.1±17.7 97.0±22.2 99.9±24.6 102.5±26.7 104.7±28.6 107.7±31.9
Current smoker 1,866,304 (22.3) 1,384,875 (27.6) 1,120,939 (27.0) 659,591 (27.2) 286,356 (26.1) 164,100 (26.2)
Heavy drinker 448,312 (5.4) 420,821 (8.4) 389,861 (9.5) 255,502 (10.6) 116,501 (10.7) 65,804 (10.6)
Regular physical activity 1,337,872 (16.1) 949,536 (19.0) 781,471 (18.9) 441,790 (18.3) 188,445 (17.2) 97,524 (15.6)
Low income <20% 1,873,651 (22.3) 1,025,578 (20.4) 836,277 (20.1) 495,310 (20.3) 233,499 (21.2) 142,586 (22.7)
Hypertension 939,237 (11.2) 1,120,635 (22.3) 1,284,989 (30.9) 950,794 (39.0) 509,206 (46.2) 338,565 (53.9)
Diabetes 290,687 (3.5) 377,151 (7.5) 448,438 (10.8) 345,115 (14.2) 192,887 (17.5) 137,343 (21.9)
Dyslipidemia 779,342 (9.3) 870,873 (17.3) 945,568 (22.7) 655,070 (26.9) 335,175 (30.4) 209,085 (33.3)
COPD 366,482 (4.4) 257,681 (5.1) 243,345 (5.9) 158,786 (6.5) 78,837 (7.2) 47,397 (7.6)
Cancer 131,594 (1.6) 88,036 (1.8) 78,144 (1.9) 48,068 (2.0) 22,093 (2.0) 12,257 (2.0)

Values are presented as number (%) or mean±standard deviation. P<0.0001 for all data.
WC, waist circumference; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglyceride; HDL-C, high 
density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; COPD, chronic obstructive pulmonary disease.
aWC levels, in cm: level 1 (male <80, female <75), level 2 (male 80 to 84.9, female 75 to 79.9), level 3 (male 85 to 89.9, female 80 to 84.9), level 4 
(male 90 to 94.9, female 85 to 89.9), level 5 (male 95 to 99.9, female 90 to 94.9), and level 6 (male ≥100, female ≥95).
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Table 2. IR and multivariate-adjusted HR (95% CI) of myocardial infarction and ischemic stroke according to baseline WC (in six 
levels)

WC levelsa Total no. No. of 
events

IR  
(per 1,000 

person 
years)

Multivariate-adjusted HR (95% CI)

Model 1 Model 2 Model 3 Model 4

Total

   Myocardial infarction

      1 8,386,445 28,938 0.639 0.767 (0.755–0.780) 0.747 (0.735–0.759) 0.851 (0.837–0.865) 0.841 (0.825–0.858)

      2 5,032,969 28,648 1.038 0.891 (0.877–0.906) 0.884 (0.870–0.899) 0.934 (0.919–0.950) 0.942 (0.926–0.958)

      3 4,162,947 30,698 1.344 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)

      4 2,437,161 21,413 1.607 1.090 (1.071–1.109) 1.094 (1.075–1.114) 1.040 (1.021–1.058) 1.025 (1.007–1.044)

      5 1,101,851 11,028 1.842 1.208 (1.182–1.234) 1.212 (1.186–1.239) 1.098 (1.074–1.122) 1.062 (1.038–1.088)

      6 627,888 6,564 1.955 1.357 (1.321–1.393) 1.348 (1.312–1.385) 1.148 (1.117–1.179) 1.067 (1.034–1.102)

   Ischemic stroke

      1 8,386,445 41,156 0.909 0.811 (0.800–0.822) 0.795 (0.784–0.806) 0.911 (0.898–0.923) 0.883 (0.868–0.897)

      2 5,032,969 40,647 1.475 0.923 (0.910–0.935) 0.918 (0.905–0.930) 0.972 (0.958–0.985) 0.957 (0.943–0.971)

      3 4,162,947 43,360 1.902 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)

      4 2,437,161 30,652 2.305 1.081 (1.065–1.096) 1.083 (1.067–1.099) 1.026 (1.011–1.042) 1.037 (1.021–1.053)

      5 1,101,851 16,113 2.698 1.189 (1.168–1.211) 1.188 (1.166–1.210) 1.071 (1.051–1.091) 1.086 (1.066–1.108)

      6 627,888 9,709 2.899 1.330 (1.301–1.360) 1.318 (1.289–1.347) 1.113 (1.088–1.138) 1.128 (1.099–1.157)

Male

   Myocardial infarction

      1 3,312,345 17,042 0.938 0.806 (0.790–0.823) 0.766 (0.750–0.782) 0.880 (0.861–0.898) 0.870 (0.848–0.893)

      2 2,903,610 18,789 1.171 0.909 (0.891–0.927) 0.895 (0.877–0.914) 0.948 (0.929–0.968) 0.959 (0.939–0.980)

      3 2,457,563 19,058 1.407 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)

      4 1,465,226 12,998 1.619 1.079 (1.056–1.104) 1.088 (1.063–1.112) 1.029 (1.006–1.053) 1.011 (0.988–1.035)

      5 612,705 5,960 1.790 1.190 (1.156–1.225) 1.205 (1.170–1.241) 1.083 (1.052–1.116) 1.041 (1.009–1.074)

      6 317,643 3,031 1.785 1.302 (1.253–1.353) 1.312 (1.263–1.364) 1.103 (1.061–1.147) 1.011 (0.966–1.057)

   Ischemic stroke

      1 3,312,345 23,618 1.301 0.860 (0.845–0.876) 0.825 (0.810–0.840) 0.953 (0.936–0.971) 0.909 (0.890–0.929)

      2 2,903,610 25,017 1.561 0.945 (0.929–0.962) 0.934 (0.918–0.951) 0.991 (0.973–1.008) 0.968 (0.951–0.987)

      3 2,457,563 24,792 1.833 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)

      4 1,465,226 17,096 2.132 1.069 (1.049–1.091) 1.077 (1.056–1.098) 1.017 (0.997–1.037) 1.033 (1.012–1.055)

      5 612,705 7,975 2.400 1.190 (1.160–1.220) 1.197 (1.167–1.228) 1.073 (1.045–1.100) 1.096 (1.066–1.126)

      6 317,643 3,980 2.347 1.287 (1.245–1.331) 1.285 (1.242–1.329) 1.072 (1.036–1.109) 1.087 (1.045–1.131)

(Continued to the next page)

≥100 cm, female ≥95 cm; IR, 1.955; HR, 1.148; 95% CI, 1.117 
to 1.179; P<0.0001) in six WC levels for MI, and a similar pat-
tern was also confirmed for IS (Table 2). Even after adding 
BMI as a variable to model 3 (including all other variables of 
our study), these trends did not change for either outcome. Re-

sults by sex were similar to those for the entire subject popula-
tion except for the highest WC level in male (Table 2).

WC analysis in 11 levels
When the WC level was divided into 11 levels of wider catego-
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WC levelsa Total no. No. of 
events

IR  
(per 1,000 

person 
years)

Multivariate-adjusted HR (95% CI)

Model 1 Model 2 Model 3 Model 4

Female
   Myocardial infarction

      1 5,074,100 11,896 0.438 0.763 (0.744–0.784) 0.757 (0.737–0.777) 0.845 (0.823–0.868) 0.833 (0.807–0.859)
      2 2,129,359 9,859 0.854 0.875 (0.852–0.899) 0.876 (0.853–0.900) 0.921 (0.897–0.947) 0.923 (0.898–0.950)
      3 1,705,384 11,640 1.253 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
      4 971,935 8,415 1.589 1.100 (1.069–1.131) 1.099 (1.068–1.130) 1.049 (1.020–1.079) 1.042 (1.012–1.072)
      5 489,146 5,068 1.908 1.203 (1.164–1.244) 1.202 (1.163–1.243) 1.101 (1.065–1.138) 1.079 (1.041–1.118)
      6 310,245 3,533 2.129 1.365 (1.315–1.418) 1.352 (1.302–1.404) 1.169 (1.125–1.214) 1.110 (1.061–1.160)
   Ischemic stroke
      1 5,074,100 17,538 0.647 0.760 (0.745–0.776) 0.753 (0.738–0.769) 0.850 (0.832–0.869) 0.840 (0.820–0.861)
      2 2,129,359 15,630 1.356 0.894 (0.875–0.913) 0.894 (0.875–0.913) 0.944 (0.924–0.964) 0.938 (0.917–0.959)
      3 1,705,384 18,568 2.002 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
      4 971,935 13,556 2.567 1.093 (1.069–1.118) 1.091 (1.067–1.116) 1.038 (1.015–1.062) 1.042 (1.018–1.066)
      5 489,146 8,138 3.073 1.179 (1.149–1.210) 1.175 (1.144–1.206) 1.067 (1.039–1.096) 1.074 (1.044–1.104)
      6 310,245 5,729 3.465 1.346 (1.307–1.387) 1.336 (1.296–1.376) 1.141 (1.107–1.175) 1.151 (1.112–1.192)

P<0.0001 for all data. Model 1 was adjusted for age and sex. Model 2 was adjusted for the variables in model 1 plus smoking, alcohol drinking, 
regular physical activity, and low-income status. Model 3 was adjusted for the variables in model 2 plus hypertension, diabetes, dyslipidemia, 
chronic obstructive pulmonary disease, and cancer. Model 4 was adjusted for the variables in model 3 plus body mass index. 
IR, incidence rate; HR, hazard ratio; CI, confidence interval; WC, waist circumference.
aWC levels, in cm: level 1 (male <80, female <75), level 2 (male 80 to 84.9, female 75 to 79.9), level 3 (male 85 to 89.9, female 80 to 84.9), level 4 
(male 90 to 94.9, female 85 to 89.9), level 5 (male 95 to 99.9, female 90 to 94.9), and level 6 (male ≥100, female ≥95).

Table 2. Continued

ries with 5-cm intervals, the lowest MI risk was found for a 
WC of 70 to 74.9 cm for male and 65 to 69.9 cm for female (IR, 
0.542; HR, 0.813; 95% CI, 0.793 to 0.833; P<0.0001), and the 
lowest IS risk was for 65 to 69.9 in male and 60 to 64.9 cm in 
female (IR, 0.618; HR, 0.849; 95% CI, 0.820 to 0.879; P<0.0001) 
(Table 3). Beyond that level, the risk ratio of MI and IS in-
creased linearly with increasing WC level except for the high-
est WC level (male ≥110 cm, female ≥105 cm), and there was 
no significant change in the overall trend even after additional 
adjustment for BMI. According to sex, the lowest IRs of both 
MI and IS were confirmed in lower WC level (WC level 2, 60 
to 64.9 cm) in female than in male (WC level 3, 70 to 74.9 cm) 
(Supplementary Table 2). The variation and slope of the risk 
with the changing level of WC seemed to be relatively larger 
and steeper in female (Fig. 1).

Comparison of BMI and WC for prediction of CVD
In the IRs and HRs according to BMI, a U-shaped curve was 
obtained in the MI group with the reference range (BMI 18.5 

to 22.9 kg/m2) as the lowest point. The risk of IS showed a lin-
early increasing pattern with increasing BMI, although this 
tendency was lost after adjusting for WC (Table 4). The contin-
uous HR according to the change of standard deviation were 
higher for WC (continuous HR, 1.105 for MI; 1.067 for IS) 
than for BMI (continuous HR, 1.075 for MI; 1.032 for IS) for 
both MI and IS (Supplementary Table 3). When AIC was cal-
culated in two models predicting CVD with BMI and WC, the 
model using WC showed smaller AIC, suggesting superiority 
of WC to predict CVD to BMI (Supplementary Table 3).

When ROC curve analyses were performed to calculate the 
optimal WC cutoffs for prediction of CVD, the optimal cutoffs 
were 84/78 cm for male/female for predicting MI, and 85/78 
cm for male/female for predicting IS (Table 5). 

DISCUSSION

In this study, we studied the relationship between baseline WC 
and the risk of incident CVD events represented by MI and IS, 
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Table 3. IR and multivariate-adjusted HR (95% CI) of myocardial infarction and ischemic stroke according to baseline WC (in 11 
levels)

WC levelsa Total no. No. of events IR (per 1,000 
person years)

Multivariate-adjusted HR (95% CI)

Total Total 
(adding BMI as a variable)

Myocardial infarction

     1 195,032 658 0.639 0.906 (0.838–0.980) 0.887 (0.815–0.965)

     2 1,068,597 2,591 0.455 0.826 (0.793–0.860) 0.833 (0.797–0.870)

     3 2,810,721 8,200 0.542 0.813 (0.793–0.833) 0.818 (0.796–0.841)

     4 4,312,095 17,489 0.746 0.871 (0.855–0.887) 0.875 (0.857–0.893)

     5 5,032,969 28,648 1.038 0.934 (0.919–0.949) 0.936 (0.921–0.952)

     6 4,162,947 30,698 1.344 1 (Ref) 1 (Ref)

     7 2,437,161 21,413 1.607 1.040 (1.022–1.058) 1.038 (1.019–1.057)

     8 1,101,851 11,028 1.842 1.098 (1.074–1.123) 1.094 (1.068–1.120)

     9 418,626 4,356 1.934 1.115 (1.080–1.152) 1.107 (1.070–1.146)

   10 140,496 1,549 2.076 1.221 (1.160–1.286) 1.212 (1.147–1.280)

   11 68,766 659 1.836 1.215 (1.124–1.313) 1.184 (1.090–1.286)

Ischemic stroke

     1 195,032 926 0.899 0.882 (0.826–0.942) 0.852 (0.794–0.914)

     2 1,068,597 3,516 0.618 0.849 (0.820–0.879) 0.808 (0.778–0.838)

     3 2,810,721 11,767 0.778 0.894 (0.875–0.912) 0.859 (0.839–0.879)

     4 4,312,095 24,947 1.065 0.929 (0.914–0.944) 0.904 (0.889–0.920)

     5 5,032,969 40,647 1.475 0.972 (0.958–0.985) 0.959 (0.945–0.972)

     6 4,162,947 43,360 1.902 1 (Ref) 1 (Ref)

     7 2,437,161 30,652 2.305 1.026 (1.011–1.042) 1.040 (1.025–1.056)

     8 1,101,851 16,113 2.698 1.071 (1.052–1.091) 1.101 (1.079–1.122)

     9 418,626 6,468 2.879 1.086 (1.058–1.115) 1.132 (1.100–1.165)

   10 140,496 2,310 3.104 1.186 (1.137–1.238) 1.258 (1.203–1.316)

   11 68,766 931 2.599 1.139 (1.067–1.216) 1.234 (1.152–1.322)

P<0.0001 for all data. Data were adjusted for age, sex, smoking, alcohol drinking, regular physical activity, low-income status, hypertension, dia-
betes, dyslipidemia, chronic obstructive pulmonary disease, and cancer.
IR, incidence rate; HR, hazard ratio; CI, confidence interval; WC, waist circumference; BMI, body mass index.
aWC levels, in cm: level 1 (male <65, female <60), level 2 (male 65 to 69.9, female 60 to 64.9), level 3 (male 70 to 74.9, female 65 to 69.9), level 4 
(male 75 to 79.9, female 70 to 74.9), level 5 (male 80 to 84.9, female 75 to 79.9), level 6 (male 85 to 89.9, female 80 to 84.9), level 7 (male 90 to 
94.9, female 85 to 89.9), level 8 (male 95 to 99.9, female 90 to 94.9), level 9 (male 100 to 104.9, female 95 to 99.9), level 10 (male 105 to 109.9, fe-
male 100 to 104.9), and level 11 (male ≥110, female ≥105).

conducted in a nationwide setting of nearly half of the adult 
population in Korea, more than 20 million. In our knowledge, 
this study is one of the largest studies that were performed re-
garding this issue in a huge, homogenous nationwide popula-
tion-based cohort. We demonstrated that WC had a significant 
linear relationship and powerful enough to predict the risk of 
MI and IS. The incidence and risk of MI and IS were beginning 
to increase from a lower WC than the current cutoff of abdom-

inal obesity suggested from the guidelines. In addition, the op-
timal cutoffs for predicting CVD were lower than current rec-
ommended cutoffs. These results are emphasizing the impor-
tance of abdominal obesity and the accuracy of WC for the 
prediction of CVD in a nationwide population base. We also 
showed the superiority of WC on the prediction of CVD to 
BMI. 

According to the WHO criteria of abdominal obesity, the 
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Fig. 1. Multivariate-adjusted hazard ratio (95% confidence interval) of myocardial infarction and ischemic stroke in 11 waist cir-
cumference levels according to sex difference. (A) Myocardial infarction. (B) Ischemic stroke.
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Table 4. IR and multivariate-adjusted HR (95% CI) of myocardial infarction and ischemic stroke according to BMI (in five levels)

BMI levelsa Total no. No. of 
events

IR 
(per 1,000 

person 
years)

Multivariate-adjusted HR (95% CI)

Model 1 Model 2 Model 3 Model 4

Myocardial infarction

   1 928,037 4,662 0.940 1.127 (1.093–1.162) 1.072 (1.039–1.105) 1.153 (1.119–1.189) 1.215 (1.177–1.253)

   2 8,789,234 41,030 0.860 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)

   3 5,222,719 32,305 1.128 1.110 (1.094–1.126) 1.148 (1.131–1.165) 1.063 (1.047–1.079) 0.992 (0.976–1.008)

   4 6,021,912 43,536 1.323 1.295 (1.278–1.313) 1.353 (1.335–1.372) 1.166 (1.150–1.182) 1.037 (1.019–1.057)

   5 787,359 5,756 1.373 1.711 (1.664–1.759) 1.763 (1.714–1.813) 1.355 (1.317–1.394) 1.159 (1.118–1.201)

Ischemic stroke

   1 928,037 6,491 1.310 0.916 (0.893–0.940) 0.874 (0.852–0.897) 0.953 (0.929–0.978) 0.992 (0.967–1.019)

   2 8,789,234 62,588 1.314 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)

   3 5,222,719 46,450 1.624 1.065 (1.053–1.078) 1.096 (1.083–1.110) 1.011 (0.999–1.024) 0.958 (0.945–0.971)

   4 6,021,912 58,949 1.794 1.180 (1.167–1.193) 1.221 (1.207–1.235) 1.044 (1.032–1.056) 0.943 (0.928–0.957)

   5 787,359 7,159 1.709 1.457 (1.422–1.493) 1.483 (1.447–1.520) 1.123 (1.095–1.151) 0.955 (0.926–0.985)

P<0.0001 for all data. Model 1 was adjusted for age and sex. Model 2 was adjusted for the variables in model 1 plus smoking, alcohol drinking, 
regular physical activity, and low-income status. Model 3 was adjusted for the variables in model 2 plus hypertension, diabetes, dyslipidemia, 
chronic obstructive pulmonary disease, and cancer. Model 4 was adjusted for the variables in model 3 plus waist circumference.
IR, incidence rate; HR, hazard ratio; CI, confidence interval; BMI, body mass index.
aBMI levels, in kg/m2: level 1 (<18.5), level 2 (18.5 to 22.9), level 3 (23.0 to 24.9), level 4 (25.0 to 29.9), and level 5 (≥30.0).

Table 5. Optimal cutoffs of waist circumference for myocardial infarction and ischemic stroke in different sex

Outcome Sex WC cutoff, cm Sensitivity Specificity Youden’s index Area under the curve

Myocardial infarction Male 84 0.588 0.509 1.097 0.563

Female 78 0.649 0.603 1.251 0.667

Ischemic stroke Male 85 0.525 0.562 1.088 0.558

Female 78 0.663 0.603 1.267 0.677

WC, waist circumference.
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gaps according to different sex are 14 cm globally and 10 cm in 
Asians [12]. These were larger than the current Korean stan-
dard of WC of a 5 cm difference [18]. This narrow gap was also 
indirectly seen through the WC corresponding to the 80th 
percentile, which was 90 cm for male and 86.5 cm for female. 
In our study reflecting more recent trends of obesity in Korea, 
the IRs of both MI and IS were higher in female than in male 
as the WC is larger than the reference range. The risk of MI 
and IS in female began to increase at lower levels than in male, 
and the increase in the slope after the lowest point of WC was 
relatively steeper. In addition, the 80th percentiles of WC were 
identified as 90 cm for male and 83 cm for female, a larger sex 
gap and a lower WC in female than were found in previous 
study. Yusuf et al. [5] demonstrated an increase in the risk of 
MI in 19% of male and 40% of female per 1 standard deviation 
change in WC. In a meta-analysis conducted by Lee et al. [23], 
WC had a higher area under the curve in female than in male 
in discrimination of cardiovascular risk. Considering these re-
sults together, female should pay more attention to the risk of 
CVD due to increasing WC than male do [23].

In the analysis of the BMI model, the crude incidence of MI 
was lowest in the normal (BMI 18.5 to 22.9 kg/m2) group and 
showed a U-shaped pattern. After adjustment for WC, the risk 
of people with underweight further increased. These people 
have lower lean body mass, and this lack of lean body mass is 
associated with atherosclerosis and the risk of subclinical CVD 
[24]. In a meta-analysis of sex-specific relationships between 
BMI and coronary heart disease, higher risk was observed in 
both male and female at underweight compared to normal 
weight [25]. A previous study suggested that BMI was a more 
important risk factor of MI than the presence of the metabolic 
syndrome, but this study did not classify the BMI in the under-
weight category separately [26]. And the “normal” (including 
the underweight) BMI group with the metabolic syndrome 
had a higher risk than the metabolically healthy overweight 
group. After adjusting for the components of the metabolic 
syndrome including WC, the risk for CVD in overweight to 
obese BMI level was relatively attenuated in our study. In the 
case of IS, there have been arguments in several studies on the 
superiority of BMI and WC [27,28]. The reason for attenuation 
of the risk for IS in high BMI group after adjustment for WC is 
not clear. However, it could be assumed that in this group with 
high BMI, WC could have stronger effect on IS risk than BMI 
itself.

Our study seemed to show a linear increase in risk in the 

BMI model after adjusting for all variables except WC, but this 
aspect disappeared after additional adjustment for WC. Fur-
thermore, when BMI was further adjusted in the analysis of 
the WC model, the linear trend was augmented. BMI has a 
limitation with respect to distinguishing between fat and lean 
body mass, and many studies including large-scale meta-anal-
yses have demonstrated that markers of central obesity are su-
perior to BMI in predicting CVD risk [4-6,21,29,30]. After ad-
ditional analyses to further confirm the efficacy of risk predic-
tion between BMI and WC in our study, the AIC and continu-
ous HR of WC was higher than that of BMI in risk prediction 
of both MI and IS. Taken all these findings together, we sug-
gested that WC, a marker of a metabolically unhealthy pheno-
type, is a better predictor of incident CVD than BMI.

In addition to WC, there are various markers of central obe-
sity such as WHR and WHtR. Some studies have shown that 
these markers predict the risk of CVD better than WC does 
[5,21,31]. However, the differences between WC and others in 
these studies were small or not significant, and WC was still 
shown to be an important marker [4,6,28,32]. Furthermore, 
WHR was less reliable than WC [33,34]. Despite that we could 
not check the above markers, WC was powerful enough to 
predict the risk of MI and IS and had a significant linear rela-
tionship with outcomes in our study. Therefore, WC as a sim-
ple marker was useful to predict CVD, especially in a nation-
wide setting as in our study where reliability and simplicity of 
measurement and interpretation could be important.

Our study has several limitations. First, it appeared that the 
risk started to increase in the very low WC level (WC level 1: 
male <65 cm, female <60 cm) when the WC was further di-
vided into 11 levels. This was not seen in the analyses using 
wider range of the WC divided into six levels. The CI was wid-
er and the number of participants was smaller in the very low 
WC level than in the other levels. In addition, because the av-
erage of BMI and the frequency of regular physical activity was 
lowest in the very low WC group (BMI 18.43 kg/m2; regular 
physical activity 10.37%; data not shown), we could not rule 
out that lean body and lack of fitness were associated with an 
increase in the risk of CVD [35]. Otherwise, the possibility of 
failure to exclude any diseases that might cause cachexic con-
ditions related with high risk for CVD in this group, could ex-
ist. However, these are only assumptions and it might not ex-
plain the actual association. Second, the study design with a 
relatively short follow-up period and no washout period may 
confound the casual relationship. We tried to overcome the 
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statistical weakness of our study by enrolling more than 20 
million people, nearly half of the adult population in Korea, 
and excluding participants using strict criteria of MI and IS 
preceding the initial enrollment process in order not to affect 
the casual relationship. Third, the diagnosis of outcomes was 
confirmed using claim data of the NHIS, which might differ 
from the actual incidence of CVD. Fourth, since our study in-
cluded only Koreans, our results cannot be applied directly to 
other ethnicities. Fifth, although WC is a convenient and com-
mon method to assess abdominal obesity, WC measurement 
could have bias and the accuracy could depend on the measur-
er’s experience, relatively subjective compared to BMI [36]. 
Lastly, the validation of operational definition of CVD used in 
our study was not performed. Therefore, there could be gap 
between the actual CVD development and our study results. 
Despite these limitations, our study results provide supportive 
information to the published literature regarding the associa-
tion between abdominal obesity and CVD risk. 

In conclusion, WC had a significant linear relationship with 
the risk of MI and IS and predicted CVD events better than 
BMI in a nationwide population based-cohort of more than 20 
million Korean adults. These results indicate the importance of 
WC for predicting CVD events even in the short-term follow-
up. In addition, the risk of incident MI and IS increased from a 
lower WC level than the current cut-off of abdominal obesity 
and the optimal cutoffs for predicting CVD were lower than 
the currently recommended cutoffs from the guidelines. The 
risk of CVD according to increasing WC seems to be larger 
than we’ve expected in this study population. Therefore, we 
need to inform and emphasize the risk of CVD in people with 
abdominal obesity. 
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Supplementary Table 1. Baseline characteristics of participants according to baseline WC (in six levels) in different sex

Characteristic
WC levelsa

1 2 3 4 5 6
Male 
   Number 3,291,133 2,891,707 2,447,362 1,458,782 609,270 313,279
   WC, cm 74.6±3.8 82.0±1.4 86.8±1.4 91.7±1.4 96.6±1.4 103.7±4.1
   Age, yr 42.1±13.4 47.4±13.1 49.8±13.2 51.1±13.5 51.8±14.0 50.6±15.0
      <40 1,560,129 (47.4) 1,030,226 (35.6) 726,121 (29.7) 401,622 (27.5) 179,959 (29.5) 118,571 (37.9)
      40–64 1,444,169 (43.9) 1,597,440 (55.2) 1,463,372 (59.8) 880,279 (60.3) 352,164 (57.8) 158,318 (50.5)
      ≥65 286,835 (8.7) 264,041 (9.1) 257,869 (10.5) 176,881 (12.1) 77,147 (12.7) 36,390 (11.6)
   BMI, kg/m2 21.4±2.0 23.6±1.8 25.1±1.9 26.7±2.0 28.3±2.2 30.9±2.9
      ≥25 103,316 (3.1) 625,901 (21.6) 1,280,416 (52.3) 1,179,491 (80.9) 574,299 (94.3) 308,913 (98.6)
   Height, cm 169.3±6.5 169.9±6.4 170.4±6.3 171.1±6.3 171.9±6.4 173.1±6.5
   Weight, kg 61.3±7.0 68.3±6.7 73.1±7.2 78.1±7.8 83.6±8.6 92.7±10.9
   SBP, mm Hg 120.5±13.3 124.0±13.6 126.1±13.8 128.1±14.1 129.9±14.2 132.3±14.6
   DBP, mm Hg 75.3±9.2 77.5±9.4 78.9±9.6 80.2±9.8 81.4±10.0 83.1±10.4
   Total cholesterol, mg/dL 184.9±33.8 195.0±35.4 199.3±36.2 201.6±37.0 202.9±37.7 203.7±38.3
   TG, mg/dL 116.3±89.6 150.3±113.7 171.8±129.6 188.4±142.2 199.9±149.2 208.4±154.5
   HDL-C, mg/dL 56.6±18.9 52.9±19.2 51.0±19.6 49.7±20.1 48.9±20.3 48.2±19.7
   LDL-C, mg/dL 107.0±46.5 114.0±43.7 116.2±43.2 116.8±44.1 116.9±44.8 116.8±44.5
   Fasting glucose, mg/dL 94.5±21.2 98.4±24.0 101.1±25.8 103.5±27.5 105.5±29.2 107.9±32.2
   Current smoker 1,633,524 (49.6) 1,302,242 (45.0) 1,057,605 (43.2) 621,707 (42.6) 265,399 (43.6) 145,924 (46.6)
   Heavy drinker 381,278 (11.6) 398,009 (13.8) 372,988 (15.2) 245,664 (16.8) 110,962 (18.2) 60,645 (19.4)
   Regular physical activity 613,550 (18.6) 588,185 (20.3) 494,852 (20.2) 285,661 (19.6) 114,686 (18.8) 54,689 (17.5)
   Low income <20% 635,093 (19.3) 485,437 (16.8) 404,667 (16.5) 249,232 (17.1) 107,295 (17.6) 57,735 (18.4)
   Hypertension 455,426 (13.8) 648,354 (22.4) 731,678 (29.9) 548,877 (37.6) 268,473 (44.1) 162,223 (51.8)
   Diabetes 169,523 (5.2) 244,529 (8.5) 277,639 (11.3) 209,677 (14.4) 104,877 (17.2) 64,610 (20.6)
   Dyslipidemia 274,071 (8.3) 436,586 (15.1) 484,394 (19.8) 344,927 (23.6) 161,962 (26.6) 90 970 (29.0)
   COPD 144,248 (4.4) 132,022 (4.6) 122,571 (5.0) 80,398 (5.5) 35,609 (5.8) 18,427 (5.9)
   Cancer 45,844 (1.4) 39,140 (1.4) 36,052 (1.5) 23,482 (1.6) 9,855 (1.6) 4,781 (1.5)
Female
   Number 5,042,146 2,120,034 1,696,944 966,737 486,259 308,397
   WC, cm 68.45±4.1 76.88±1.4 81.8±1.4 86.7±1.4 91.6±1.4 99.2±4.5
   Age, yr 41.9±12.9 50.0±12.6 53.6±12.7 55.6±12.8 56.7±13.2 55.7±14.2
      <40 2,008,177 (39.8) 339,791 (16.0) 179,394 (10.6) 84,675 (8.8) 42,602 (8.8) 37,707 (12.2)
      40–64 2,770,116 (54.9) 1,508,400 (71.2) 1,177,692 (69.4) 633,320 (65.5) 297,897 (61.3) 179,919 (58.3)
      ≥65 263,853 (5.2) 271,843 (12.8) 339,858 (20.0) 248,742 (25.7) 145,760 (30.0) 90,771 (29.4)
   BMI, kg/m2 20.8±2.1 23.4±2.0 24.8±2.2 26.3±2.4 27.9±2.6 30.7±3.5
      ≥25 119,997 (2.4) 404,570 (19.1) 768,885 (45.3) 688,767 (71.3) 429,790 (88.4) 296,216 (96.1)
   Height, cm 157.9±6.0 156.5±6.1 155.9±6.1 155.6±6.2 155.6±6.2 156.2±6.4
   Weight, kg 52.0±5.6 57.3±6.0 60.4±6.7 63.8±7.3 67.7±8.0 74.9±10.7
   SBP, mm Hg 114.1±13.7 120.1±15.0 123.6±15.5 126.3±15.7 128.6±15.8 130.8±16.1
   DBP, mm Hg 71.3±9.3 74.4±9.8 76.3±10.0 77.7±10.0 78.9±10.1 80.3±10.3
   Total cholesterol, mg/dL 187.2±34.2 198.8±37.1 203.8±38.1 206.4±38.8 208.0±39.3 208.7±40.0
   TG, mg/dL 88.2±59.6 115.0±81.1 131.0±91.6 142.3±97.7 150.5±100.5 157.7±106.2
   HDL-C, mg/dL 62.2±17.4 58.0±19.5 56.2±20.0 55.0±19.9 54.4±20.1 54.0±20.3
   LDL-C, mg/dL 108.5±42.6 119.0±41.2 122.7±41.3 124.3±41.9 124.9±42.3 124.6±41.9
   Fasting glucose, mg/dL 90.6±14.8 95.2±19.5 98.3±22.6 101.1±25.3 103.8±27.7 107.5±31.6
   Current smoker 225,925 (4.5) 80,103 (3.8) 61,696 (3.6) 36,580 (3.8) 20,141(4.1) 16,228 (5.3)
   Heavy drinker 68,630 (1.4) 25,273 (1.2) 19,358 (1.1) 11,155 (1.2) 5,973 (1.2) 4,814 (1.6)
   Regular physical activity 723,068 (14.3) 362,282 (17.1) 287,290 (16.9) 156,182 (16.2) 73,677 (15.2) 42,267 (13.7)
   Low income <20% 1,224,760 (24.3) 534,936 (25.2) 427,169 (25.2) 243,294 (25.2) 124,894 (25.7) 83,329 (27.0)
   Hypertension 473,392 (9.4) 466,540 (22.0) 546,152 (32.2) 396,684 (41.0) 237,443 (48.8) 172,673 (56.0)
   Diabetes 117,190 (2.3) 130,606 (6.2) 168,610 (9.9) 133,677 (13.8) 86,833 (17.9) 71,653 (23.2)
   Dyslipidemia 500,366 (9.9) 432,078 (20.4) 458,487 (27.0) 307,816 (31.8) 171,878 (35.4) 116,750 (37.9)
   COPD 219,757 (4.4) 124,596 (5.9) 119,655 (7.1) 77,533 (8.0) 42,764 (8.8) 28,628 (9.3)
   Cancer 84,998 (1.7) 48,646 (2.3) 41,786 (2.5) 24,395 (2.5) 12,115 (2.5) 7,429 (2.4)

Values are presented as number (%) or mean±standard deviation. P<0.0001 for all data.
WC, waist circumference; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low 
density lipoprotein cholesterol; COPD, chronic obstructive pulmonary disease.
aWC levels, in cm: level 1 (male <80, female <75), level 2 (male 80 to 84.9, female 75 to 79.9), level 3 (male 85 to 89.9, female 80 to 84.9), level 4 (male 90 to 94.9, female 85 to 89.9), level 5 
(male 95 to 99.9, female 90 to 94.9), and level 6 (male ≥100, female ≥95).
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Supplementary Table 2. IR and multivariate-adjusted HR (95% CI) of myocardial infarction and ischemic stroke in male and 
female according to baseline WC (in 11 levels)

WC levelsa Total no. No. of events IR (per 1,000 
person years)

Multivariate-adjusted HR (95% CI)

Total Total 
(adding BMI as a variable)

Male
   Myocardial infarction

1 60,003 435 1.358 0.996 (0.905–1.097) 0.991 (0.895–1.098)
2 288,138 1,517 0.972 0.911 (0.864–0.960) 0.932 (0.880–0.987)
3 1,021,703 4,878 0.873 0.852 (0.826–0.880) 0.868 (0.838–0.900)
4 1,942,501 10,212 0.955 0.884 (0.863–0.906) 0.895 (0.871–0.919)
5 2,903,610 18,789 1.171 0.948 (0.929–0.968) 0.954 (0.934–0.975)
6 2,457,563 19,058 1.407 1 (Ref) 1 (Ref)
7 1,465,226 12,998 1.619 1.029 (1.006–1.053) 1.024 (1.000–1.048)
8 612,705 5,960 1.790 1.083 (1.052–1.116) 1.071 (1.037–1.105)
9 219,884 2,155 1.823 1.089 (1.041–1.140) 1.067 (1.017–1.120)

10 66,022 626 1.787 1.143 (1.055–1.239) 1.117 (1.027–1.215)
11 31,757 250 1.506 1.127 (0.994–1.277) 1.053 (0.921–1.203)

Ischemic stroke
1 60,003 605 1.891 0.963 (0.887–1.045) 0.880 (0.807–0.959)
2 288,138 1,972 1.264 0.883 (0.843–0.925) 0.821 (0.781–0.863)
3 1,021,703 6,989 1.251 0.953 (0.927–0.979) 0.900 (0.872–0.928)
4 1,942,501 14,052 1.315 0.963 (0.943–0.984) 0.926 (0.905–0.948)
5 2,903,610 25,017 1.561 0.990 (0.973–1.008) 0.972 (0.954–0.990)
6 2,457,563 24,792 1.833 1 (Ref) 1 (Ref)
7 1,465,226 17,096 2.132 1.017 (0.997–1.037) 1.037 (1.016–1.058)
8 612,705 7,975 2.399 1.073 (1.046–1.100) 1.115 (1.085–1.146)
9 219,884 2,872 2.433 1.067 (1.026–1.109) 1.132 (1.085–1.180)

10 66,022 810 2.315 1.099 (1.024–1.180) 1.196 (1.111–1.287)
11 31,757 298 1.797 1.051 (0.936–1.180) 1.176 (1.043–1.325)

Female
   Myocardial infarction

1 135,029 223 0.314 0.812 (0.710–0.928) 0.787 (0.679–0.913)
2 780,459 1,074 0.260 0.776 (0.728–0.827) 0.767 (0.717–0.821)
3 1,789,018 3,322 0.348 0.801 (0.770–0.834) 0.793 (0.759–0.829)
4 2,369,594 7,277 0.571 0.877 (0.851–0.904) 0.872 (0.845–0.901)
5 2,129,359 9,859 0.854 0.921 (0.896–0.946) 0.918 (0.893–0.944)
6 1,705,384 11,640 1.253 1 (Ref) 1 (Ref)
7 971,935 8,415 1.589 1.050 (1.020–1.080) 1.052 (1.022–1.083)
8 489,146 5,068 1.908 1.102 (1.065–1.139) 1.108 (1.069–1.148)
9 198,742 2,201 2.056 1.123 (1.073–1.176) 1.134 (1.079–1.191)

10 74,494 923 2.331 1.257 (1.175–1.346) 1.273 (1.184–1.368)
11 37,009 409 2.120 1.255 (1.136–1.386) 1.274 (1.146–1.416)

   Ischemic stroke
1 135,029 321 0.452 0.759 (0.679–0.848) 0.778 (0.689–0.879)
2 780,459 1,544 0.374 0.794 (0.753–0.837) 0.772 (0.730–0.817)
3 1,789,018 4,778 0.501 0.808 (0.782–0.835) 0.789 (0.762–0.818)
4 2,369,594 10,895 0.855 0.881 (0.860–0.903) 0.867 (0.845–0.890)
5 2,129,359 15,630 1.356 0.943 (0.923–0.964) 0.936 (0.916–0.957)
6 1,705,384 18,568 2.002 1 (Ref) 1 (Ref)
7 971,935 13,556 2.567 1.038 (1.015–1.062) 1.047 (1.023–1.071)
8 489,146 8,138 3.073 1.067 (1.040–1.096) 1.086 (1.056–1.117)
9 198,742 3,596 3.371 1.100 (1.061–1.140) 1.128 (1.085–1.173)

10 74,494 1,500 3.804 1.235 (1.171–1.303) 1.281 (1.210–1.356)
11 37,009 633 3.291 1.182 (1.091–1.280) 1.241 (1.140–1.350)

P<0.0001 for all data. Data were adjusted for age, sex, smoking, alcohol drinking, regular physical activity, low-income status, hypertension, diabetes, dyslipidemia, chronic obstructive 
pulmonary disease, and cancer.
IR, incidence rate; HR, hazard ratio; CI, confidence interval; WC, waist circumference; BMI, body mass index.
aWC levels, in cm: level 1 (male <65, female <60), level 2 (male 65 to 69.9, female 60 to 64.9), level 3 (male 70 to 74.9, female 65 to 69.9), level 4 (male 75 to 79.9, female 70 to 74.9), level 5 
(male 80 to 84.9, female 75 to 79.9), level 6 (male 85 to 89.9, female 80 to 84.9), level 7 (male 90 to 94.9, female 85 to 89.9), level 8 (male 95 to 99.9, female 90 to 94.9), level 9 (male 100 to 
104.9, female 95 to 99.9), level 10 (male 105 to 109.9, female 100 to 104.9), and level 11 (male ≥110, female ≥105).
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Supplementary Table 3. The likelihood ratio and the continuous HR (95% CI) of myocardial infarction and ischemic stroke 
according to change of SD of BMI and WC

Levelsa
Multivariate-adjusted HR (95% CI)

WC BMI

Myocardial infarction

1 1.017 (0.939–1.101) 1.262 (1.198–1.329)

2 1 (Ref) 1 (Ref)

3 1.086 (1.059–1.114) 0.991 (0.972–1.011)

4 1.228 (1.198–1.258) 1.084 (1.063–1.106)

5 1.323 (1.288–1.358) 1.189 (1.162–1.216)

6 1.432 (1.381–1.484) 1.336 (1.292–1.381)

Continuous HR 1.105 (1.098–1.112) 1.075 (1.069–1.082)

Akaika information criterion 4,026,754 4,026,876.3

P value <0.0001 <0.0001

P for trend <0.0001 <0.0001

Ischemic stroke

1 1.009 (0.945–1.078) 0.967 (0.924–1.011)

2 1 (Ref) 1 (Ref)

3 1.106 (1.083–1.129) 1.026 (1.009–1.042)

4 1.177 (1.154–1.202) 1.038 (1.021–1.055)

5 1.229 (1.202–1.256) 1.082 (1.062–1.104)

6 1.318 (1.279–1.358) 1.151 (1.118–1.185)

Continuous HR 1.067 (1.061–1.073) 1.032 (1.027–1.037)

Akaika information criterion 5,646,249.4 5,646,650.3

P value <0.0001 <0.0001

P for trend <0.0001 <0.0001

Adjusted for the variables in age, sex, smoking, alcohol drinking, regular physical activity, low-income status, hypertension, diabetes, dyslipid-
emia, chronic obstructive pulmonary disease and cancer.
HR, hazard ratio; CI, confidence interval; SD, standard deviation; BMI, body mass index; WC, waist circumference.
aRanges in levels of WC: <62, <71, <80, <90, <99, and ≥99 cm; ranges in levels of BMI: <17.1, <20.4, <23.6, <26.9, <30.2, and ≥30.2 kg/m2. 
Mean value of BMI: 23.6±3.3 kg/m2; mean value of WC: 79.8±9.3 cm.
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Supplementary Fig. 1. Selection process of study population. ICD, International Classification of Diseases; F/U, follow-up; MI, 
myocardial infarction; IS, ischemic stroke; NHIS, National Health Insurance Service.


