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Background: We estimated the effect of obesity on the incidence of cardiovascular disease (CVD) and mortality in women according to menopausal status.
Methods: Women aged 40 to 69 years under routine health check-ups provided by the National Health Insurance Service in 2009
were followed up till 2018 (n=2,208,559).
Results: In premenopausal women, a significant increment of mortality rate was found in underweight and obesity class II (hazard
ratio [HR], 1.48; 95% confidence interval [CI], 1.31 to 1.67; and HR, 1.25; 95% CI, 1.12 to 1.39) compared to normal body mass index (BMI); overweight and obesity class I did not affect mortality rate. In postmenopausal women, obesity as well as overweight
status reduced the risk of mortality compared to normal BMI (HR, 0.86; 95% CI, 0.83 to 0.88; and HR, 0.84; 95% CI, 0.82 to 0.86).
By contrast, there was a linear association between CVD and BMI above the normal range irrespective of menopausal status, which
was attenuated in diabetic women.
Conclusion: The current study replicated the J-shaped relationship between BMI and mortality, being more prominent in the postmenopausal group. The risk of CVD was linearly increased as BMI was increased above the normal range irrespective of menopausal status.
Keywords: Obesity; Obesity, abdominal; Body mass index; Waist circumference; Cardiovascular diseases; Mortality

INTRODUCTION
The phenomenon of obesity paradox has gained attention in recent decades based on the finding that overweight individuals
had the lowest risk for total mortality and cardiovascular mortality compared with those with a normal body mass index
(BMI) [1]. However, several prospective studies showed that
smoking status [2,3] and age [3,4] might be confounders in the
association between BMI and mortality. In subjects aged <65
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years, all-cause mortality was higher in overweight individuals
(BMI 25.0 to 26.4 kg/m2) than those with normal BMI irrespective of sex; this was not the case for those aged 65 years or more
[3]. There was no difference in the mortality rate among individuals aged ≥65 years with normal BMI and those who were
overweight [3], and these results were replicated in a healthy
participant group from the National Cancer Institute Cohort [4].
Coexistence of co-morbidities such as diabetes mellitus (DM),
chronic obstructive pulmonary disease (COPD), chronic kidney
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disease (CKD), or cancer also affect both of mortality and BMI
[2,5,6].
The relationship between mortality and BMI has been reported
to be varied according to sex in the Korean population [2] as
well as in Caucasians [3]. In women, menopause is an independent risk factor for cardiovascular disease (CVD) [7,8] and
CVD-related mortality [9] even in the same age group, menopausal status as well as age should be considered when investigating the effect of bodyweight on CVD or mortality in women;
however, the impact of menopausal status on the relationship between BMI and CVD and/or mortality has been rarely reported.
In the current study, the effect of BMI on the incidence of
CVD and mortality in Korean women was investigated using
the National Health Insurance Service (NHIS) database with
stratification according to menopausal status. To elucidate the
independent effect on BMI on the outcomes, smoking status,
DM, coexistence of co-morbidities, and age as well as menopausal status were also incorporated in the analysis.
The NHIS in Korea covers the claims of 97.0% of the population in Korea. Accordingly, the NHIS database contains information on almost the entirety of demographic and socioeconomic data and the insurance claims, including prescribed medications and procedures, for the Korean population of approximately 50 million [10]. The present study was performed to estimate the incidence of CVD and mortality in women, according
to not only BMI but also waist circumference (WC), using the
NHIS data from 2002 to 2018.

METHODS
Data collection
We used NHIS database between January 1, 2002 and December 31, 2018. The NHIS offers national health examination programs biennially, and the entire population of women aged 40
to 69 years who underwent routine health check-ups provided
by the NHIS during 2009 were selected for the analysis
(n=3,109,506). After exclusion of individuals with insufficient
data for BMI or menopausal status, with a previous history of
hysterectomy, or with a previous diagnosis of myocardial infarction (MI) or stroke during the wash-out period (2002 to
2008), 2,208,559 subjects were finally included (Fig. 1).
Their claims data were followed up till 2018. As previously
described [11], the NHIS provided the data after de-identification, and the following data were included: age, sex, diagnosis,
date of hospital visits, drug prescribed during inpatient and outpatient visits, the date and the duration of hospital admissions,
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The entire women participating National Health Examination programs
between 1 January 2009 and 31 December 2009
(n=3,280,834)

Selecting women with age of 40−69 years in 2009
(n=3,109,506)
Previous history of hysterectomy
(n=481,309)
Those with insufficient clinical data
(n=76,190)
Eligible population
(n=2,552,007)
Previous history of MI or stroke during
wash-out period (2002−2008)
(n=343,448)
Final study population
(n=2,208,559)
Premenopausal woman
(n=1,109,160)

Postmenopausal woman
(n=1,189,399)

Fig. 1. Consort diagram for study population. MI, myocardial infarction.

medical procedures undertaken, and emergency department visits. Diagnoses were coded according to the International Classification of Disease (10th revision; ICD-10) codes.
The date of death of the participants undergoing the routine
health check-ups provided by the NHIS, was retrieved from the
National Death Registry maintained by the Korea National Statistical Office.
This study was approved by the Boramae Medical Center Institutional Review Board (07-2019-26). Informed consent was
waived by the board.
Definition of obesity and chronic diseases
BMI was classified based on the World Health Organization
(WHO) Asia-Pacific criteria and the Korean Society for the
Study of Obesity criteria as follows: BMI 18.5 to 22.9 kg/m2 indicates normal; BMI 23.0 to 24.9 kg/m2 is overweight; BMI
25.0 to 29.9 kg/m2 is obesity class I, and BMI ≥30.0 kg/m2 is
obesity class II [12,13]. BMI 27.5 kg/m2 was also selected for
the analysis considering WHO additionally suggested it as a potential public health action point [14]. WC was measured to the
nearest 0.1 cm from the narrowest point between the lower borCopyright © 2021 Korean Endocrine Society
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ders of the rib cage and the iliac crest at the end of normal expiration; abdominal obesity was defined as WC ≥85 cm [13,15].
DM was defined as the use of anti-diabetic medication, including insulin, under ICD-10 E11–14 at the point of the survey,
or an 8-hour fasting plasma glucose level ≥126 mg/dL. Dyslipidemia was defined as total cholesterol ≥240 mg/dL or the use
of cholesterol-lowering agents under ICD-10 E78. CKD was diagnosed using the estimated glomerular filtration rate (eGFR),
which was calculated via the following Modification of Diet in
Renal Disease (MDRD) equation: eGFR (mL/min/1.73 m2)=
175×(sCr)−1.154×(age in years)−0.203×(0.742 if female), and
eGFR <30 mL/min/1.73 m2 was defined as CKD [16,17].
COPD was defined as at least one claim under ICD-10 J41, J42,
J43, or J44. Presence of comorbidity was defined as the presence of any of cancer, CKD, and COPD, or if the participant is a
current smoker.
Menopausal status was assessed was based on the responses to
a self-report questionnaire; in the case of menopausal women,
status of hormone replacement therapy (HRT) was additionally
asked. Subjects who exercised regularly were classified into two
groups: moderate-intensity exercise: ≥30 min/day and ≥5 times
a week, and vigorous-intensity exercise: ≥30 min/day and ≥3
times a week. Subjects consuming alcohol were classified into
three groups: non-drinker, mild drinker (daily alcohol intake, 0 to
29 g/day), and heavy drinker (daily alcohol intake, ≥30 g/day).
Subjects with low income were defined as those on medical aid
or with a standardized monthly family income in the lowest 20%
of the entire population. Standardized monthly family income
with equivalence scaling was calculated as follows: equivalent
income=mean monthly family income/(family size)1/2.
Study outcomes
The primary outcome was incident MI, stroke, and all-cause
mortality during the follow-up period, from 2009 to 2018. MI
was diagnosed based on hospitalization with the primary diagnostic codes ICD-10 I21–22 [18], and stroke was defined according to ICD-10 I63–64 for diagnoses made during hospitalization and according to brain imaging such as computed tomography and magnetic resonance imaging. Previous history of
MI or stroke was diagnosed as I21–22 or I63–64, with more
than one diagnosis during admission or at outpatient clinics, respectively [18].
Statistical analysis
All data were analyzed using SAS version 9.3 (SAS Institute
Inc., Cary, NC, USA). To compare the clinical characteristics
Copyright © 2021 Korean Endocrine Society

according to menopausal status, independent t test for continuous variables and chi-square test for categorical variables were
used. For variables not normally distributed, log-transformation
was performed before analysis. The hazard ratio (HR) and 95%
confidence interval (CI) for primary outcomes were calculated
using multivariable Cox proportional hazards regression analysis. P values <0.05 were considered statistically significant.

RESULTS
Baseline characteristics
The mean age of premenopausal (n=1,019,160) and postmenopausal women (n=1,189,399) in the current study was 45±4
and 59±6 years, respectively (P<0.001). Postmenopausal
women were more obese (mean BMI, 24.2±3.1 kg/m2 vs.
23.2±3.1 kg/m2, P<0.001) and had higher blood pressure
(mean systolic blood pressure, 124.4±15.8 mm Hg vs. 117.3±
14.4 mm Hg, P<0.001) and blood triglyceride (TG) levels (geometric mean TG level, 113.7 mg/dL vs. 89.0 mg/dL, P<0.001)
compared to those in premenopausal women (Table 1).
The median follow-up duration was 9.3 years: 9,495,469 person-year (PY) and 11,088,205 PY in premenopausal and postmenopausal women, respectively. Stroke, MI, and death were
observed in 6,013, 6,598, and 7,826 women, respectively, in the
premenopausal group, and in 21,302, 30,851, and 35,475 women, respectively, in the postmenopausal group (Supplemental
Table S1).
The incidence of MI, stroke, and mortality according to
BMI in the premenopausal women
In the premenopausal women, the event rates of stroke and MI
(per 1,000 PY) in those with normal BMI were 0.52 and 0.54,
respectively. In these women, there was an increasing trend of
risk in MI and stroke as BMI increased from normal range (Table 2, Fig. 2A, B). Overweight individuals (BMI 23.5 to 24.9
kg/m2) showed a significantly higher risk of both stroke and MI
compared to those with normal BMI after adjustment for age,
smoking history, alcohol consumption, regular exercise, low income, hypertension, dyslipidemia, CKD, and DM (HR, 1.144;
95% CI, 1.071 to 1.221; and HR, 1.189; 95% CI, 1.117 to 1.266,
respectively).
In contrast, there was a J-shaped association between BMI
and mortality in the premenopausal women (Fig. 2C). The nadir
of mortality in premenopausal women was found in those who
were overweight (HR, 0.959; 95% CI, 0.906 to 1.016) (Table 2),
but this was not statistically different from those with normal
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Table 1. Baseline Characteristics According to Menopausal Status
Premenopausal women
(n=1,019,160)

Postmenopausal women
(n=1,189,399)

P value

Age, yr

45.1±4.1

58.5±5.8

<0.001

BMI, kg/m2

23.2±3.1

24.2±3.1

<0.001

Waist circumference, cm

75.3±8.1

79.6±8.5

<0.001

Systolic blood pressure, mm Hg

117.3±14.4

124.4±15.8

<0.001

Total cholesterol, mg/dL

192.8±39.1

208.8±43.4

<0.001

89.0 (88.9–89.1)

113.7 (113.6–113.8)

<0.001

HDL-C, mg/dL

60.5±36.0

58.2±35.7

<0.001

LDL-C, mg/dL

114.8±71.4

127.9±72.1

<0.001

Characteristic

Triglyceride, mg/dLa

Fasting plasma glucose, mg/dL

93.7±18.0

99.1±23.7

<0.001

Obesity

252,687 (24.8)

443,426 (37.3)

<0.001

Abdominal obesity

120,759 (11.9)

308,140 (25.9)

<0.001

DM

37,049 (3.6)

136,964 (11.5)

<0.001

Hypertension

139,603 (13.7)

452,014 (38.0)

<0.001

Dyslipidemia

117,683 (11.6)

399,747 (33.6)

<0.001

eGFR <60 mL/min/1.73 m2

43,443 (4.3)

108,725 (9.1)

<0.001

eGFR <30 mL/min/1.73 m2

12,071 (1.2)

15,414 (1.3)

<0.001

COPD

75,404 (7.4)

160,239 (13.5)

<0.001

Cancer

16,083 (1.6)

36,834 (3.1)

<0.001

CKD

Smoking history

<0.001

Non-smoker

967,597 (94.9)

1,145,113 (96.3)

Ex-smoker

16,504 (1.6)

12,615 (1.1)

Current smoker

35,059 (3.4)

31,671 (2.7)

Alcohol drinking history

<0.001

Never

731,937 (71.8)

1,024,875 (86.2)

Mild

275,376 (27.0)

157,546 (13.3)

11,847 (1.2)

6,978 (0.6)

Regular exercise

176,210 (17.3)

236,304 (19.9)

<0.001

Low income

262,723 (25.8)

285,201 (24.0)

<0.001

Heavy

WC, cm

<0.001
59,226 (5.8)

25,533 (2.2)

65–74.9

454,705 (44.6)

299,575 (25.2)

75–84.9

374,470 (37.7)

556,151 (46.8)

85–94.9

102,779 (10.1)

258,444 (21.7)

17,980 (1.8)

49696 (4.2)

28,456 (2.8)

20,351 (1.7)

18.5–22.9

499,611 (49.0)

406,277 (34.2)

23.0–24.9

238,406 (23.4)

319,345 (26.9)

25.0–29.9

220,949 (21.7)

391,509 (32.9)

31,738 (3.1)

51,917 (4.4)

<65

≥95
BMI, kg/m2
<18.5

≥30.0

<0.001

Values are expressed as mean±standard deviation, geometric mean (95% confidence interval), or number (%).
BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; DM, diabetes mellitus; CKD, chronic kidney
disease; eGFR, estimated glomerular filtration rate; COPD, chronic obstructive pulmonary disease; WC, waist circumference.
a
Logarithmic transformation was proceeded for analysis on triglyceride level.
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2,052,721
293,966

2,438
1,457
1,672
310

18.5–22.9

23.0–24.9

25.0–29.9

≥30.0

2,050,768
293,647

1,646
1,936
373

23.0–24.9

25.0–29.9

≥30.0

264,019

2,058,436
295,109

1,769
1,851
377

23.0–24.9

25.0–29.9

≥30.0

3,653,037
482,572

2,178

≥30.0

2,981,041

8,504
12,075

25.0–29.9

3,784,473

23.0–24.9

11,568

<18.5

18.5–22.9

187,083

474,810

1,991

≥30.0
1,150

3,606,588

2,950,158

7,948
11,816

25.0–29.9

3,752,445

185,376

2,962,639

23.0–24.9

8,600

18.5–22.9

1,419

≥30.0
496

477,508

8,384

25.0–29.9

<18.5

3,622,904

5,365

23.0–24.9

3,765,114

344
5,790

<18.5

18.5–22.9

186,154

2,222,361

4,655,073

3,544

18.5–22.9

264,490

285

<18.5

2,216,041

4,645,957

127
2,516

<18.5

18.5–22.9

2,217,425

4,647,249

136

264,101

FU duration, PY

<18.5

Event

4.51

3.31

2.85

3.06

6.15

4.19

3.28

2.69

2.29

2.68

2.97

2.31

1.81

1.54

1.85

1.28

0.90

0.80

0.76

1.08

1.27

0.94

0.74

0.54

0.48

1.05

0.81

0.66

0.52

0.51

Incidence,
/1,000 PY

Model 1

1.475 (1.409–1.544)

1.080 (1.052–1.107)

0.932 (0.907–0.959)

1 (reference)

2.018 (1.899–2.144)

1.832 (1.744–1.923)

1.430 (1.391–1.47)

1.175 (1.14–1.212)

1 (reference)

1.169 (1.068–1.28)

1.931 (1.822–2.046)

1.502 (1.452–1.553)

1.176 (1.133–1.221)

1 (reference)

1.206 (1.082–1.345)

1.678 (1.509–1.866)

1.181 (1.116–1.249)

1.045 (0.987–1.107)

1 (reference)

1.416 (1.255–1.598)

2.347 (2.105–2.616)

1.743 (1.643–1.849)

1.371 (1.289–1.459)

1 (reference)

0.889 (0.744–1.062)

2.012 (1.787–2.264)

1.552 (1.458–1.652)

1.252 (1.173–1.336)

1 (reference)

0.983 (0.827–1.169)

HR (95% CI)

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.001

<0.001

<0.001

<0.001

0.001

<0.001

<0.001

0.128

<0.001

<0.001

<0.001

<0.001

0.196

<0.001

<0.001

<0.001

0.850

P value

Model 2

1.094 (1.045–1.147)

0.864 (0.842–0.887)

0.837 (0.814–0.861)

1 (reference)

1.872 (1.761–1.989)

1.239 (1.179–1.302)

1.080 (1.049–1.111)

1.022 (0.991–1.054)

1 (reference)

1.149 (1.05–1.258)

1.442 (1.359–1.53)

1.219 (1.178–1.262)

1.060 (1.021–1.100)

1 (reference)

1.185 (1.063–1.322)

1.345 (1.206–1.499)

1.017 (0.96–1.078)

0.964 (0.910–1.021)

1 (reference)

1.511 (1.339–1.706)

1.575 (1.408–1.762)

1.348 (1.268–1.433)

1.199 (1.126–1.276)

1 (reference)

0.991 (0.829–1.184)

1.616 (1.431–1.824)

1.333 (1.250–1.421)

1.150 (1.078– 1.228)

1 (reference)

1.057 (0.889–1.257)

HR (95% CI)

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.166

0.003

<0.001

<0.001

0.002

0.002

<0.001

0.568

0.211

<0.001

<0.001

<0.001

<0.001

0.917

<0.001

<0.001

<0.001

0.528

P value

Model 3

1.029 (0.982–1.079)

0.856 (0.834–0.879)

0.839 (0.816–0.863)

1 (reference)

1.835 (1.727–1.950)

1.152 (1.096–1.211)

1.055 (1.026–1.086)

1.015 (0.984–1.046)

1 (reference)

1.165 (1.064–1.275)

1.353 (1.275–1.436)

1.196 (1.156–1.238)

1.054 (1.015–1.094)

1 (reference)

1.195 (1.072–1.332)

1.247 (1.118–1.392)

0.999 (0.942–1.058)

0.959 (0.906–1.016)

1 (reference)

1.477 (1.309–1.667)

1.456 (1.304–1.633)

1.312 (1.234–1.396)

1.189 (1.117–1.266)

1 (reference)

0.990 (0.828–1.183)

1.522 (1.347–1.717)

1.306 (1.225–1.393)

1.144 (1.071–1.221)

1 (reference)

1.055 (0.888–1.254)

HR (95% CI)

0.226

<0.001

<0.001

<0.001

<0.001

<0.001

0.357

0.001

<0.001

<0.001

0.006

0.001

<0.001

0.966

0.155

<0.001

<0.001

<0.001

<0.001

0.912

<0.001

<0.001

<0.001

0.543

P value

Model 1: without adjustment; Model 2: with adjustment for age, smoking, drinking history, low income, regular exercise, hormone replacement therapy (in the case of postmenopausal women), hypertension, dyslipidemia, and estimated glomerular filtration rate <60 mL/min/1.73 m2; Model 3: with adjustment for diabetes mellitus in addition to Model 2.
BMI, body mass index; FU, follow-up; PY, person-year; HR, hazard ratio; CI, confidence interval; MI, myocardial infarction.

Mortality

Stroke

MI

Postmenopausal women

Mortality

Stroke

MI

Premenopausal women

BMI, kg/m2

Table 2. Incidence of Cardiovascular Disease or Mortality According to BMI
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Premenopausal women

Postmenopausal women
2.0
Hazzard ratio (95% CI)

Hazzard ratio (95% CI)

2.0
1.5
1.0
0.5
0

<18.5 18.5−22.9 23−24.9 25−29.9

<65

A

≥95

D

2.0
Hazzard ratio (95% CI)

Hazzard ratio (95% CI)

65−74.9 75−84.9 85−94.9
Waist circumference (cm)

2.0
1.5
1.0
0.5

<18.5 18.5−22.9 23−24.9 25−29.9

1.5
1.0
0.5
0

≥30

<65

B

Body mass index (kg/m )
2

65−74.9 75−84.9 85−94.9

≥95

E

Waist circumference (cm)

2.5

2.0

2.0

Hazzard ratio (95% CI)

Hazzard ratio (95% CI)

0.5
0

Body mass index (kg/m )

1.5
1.0
0.5
0

1.0

≥30

2

0

1.5

<18.5 18.5−22.9 23−24.9 25−29.9
Body mass index (kg/m )
2

1.5
1.0
0.5
0

≥30

<65

C

65−74.9 75−84.9 85−94.9
Waist circumference (cm)

≥95

F

Fig. 2. The risk of myocardial infarction, stroke, and mortality during the follow-up period according to body mass index and waist circumference. Hazard ratios for myocardial infarction (A), stroke (B) and mortality (C) according to body mass index and waist circumference (D,
E, F, respectively) after adjustment for age, smoking history, alcohol consumption, regular exercise, low income, hypertension, dyslipidemia, chronic kidney disease, and diabetes mellitus in premenopausal (circle) and postmenopausal women (square). CI, confidence interval.

BMI (Table 2). The mortality rate of women in obesity class I
(BMI 25.0 to 29.9 kg/m2) did not differ from that of women with
normal BMI (HR, 0.999; 95% CI, 0.942 to 1.058). Women with
BMI <18.5 kg/m2 and those with BMI ≥30 kg/m2 (obesity class
II) had a significantly higher mortality rate compared to those
with normal weight (HR, 1.477; 95% CI, 1.309 to 1.667; and
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HR, 1.247; 95% CI, 1.118 to 1.392, respectively) (Table 2). Subsequent classification of the group with BMI 25.0–29.9 kg/m2
into 25.0–27.5 and 27.6–29.9 kg/m2 confirmed that the nadir of
mortality in premenopausal women was in those who were
overweight (HR in BMI 25.0–27.5 kg/m2, 0.968; 95% CI, 0.907
to 1.034; and HR in BMI 27.6–29.9 kg/m2, 1.076; 95% CI,
Copyright © 2021 Korean Endocrine Society
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0.984 to 1.177) (Supplemental Fig. S1).
After excluding subjects with histories of malignancy, a similar trend was found (Supplemental Fig. S2A). The nadir of mortality was found in overweight women (HR, 0.952; 95% CI,
0.896 to 1.012), which was not statistically different from that
of women with normal BMI (Supplemental Table S2). Additional exclusion of subjects with CKD or COPD and current
smokers also confirmed the lowest mortality rate to be in those
who were overweight (HR, 0.951; 95% CI, 0.890 to 1.016) (Table 3, Supplemental Fig. S2A). In premenopausal women with
comorbidities, the nadir of mortality was found in those with
BMI 25.0 to 29.9 kg/m2 (HR, 0.972; 95% CI, 0.864 to 1.093),
which was not statistically different from that in normal BMI.
Furthermore, in premenopausal women with comorbidities, the
mortality rate of women with BMI ≥30 kg/m2 was not statistically different from that of women with normal BMI (HR,
1.154; 95% CI, 0.933 to 1.428).
The incidence of MI, stroke, and mortality according to
BMI in postmenopausal women
In postmenopausal women, the trend of the risk of MI, stroke,
and mortality according to BMI was similar to that in premenopausal women. There was an increasing risk of MI and stroke in
overweight and obese women compared to that in women with
normal weight (Table 2, Fig. 2A, B). Even individuals who
were overweight (BMI 23.5 to 24.9 kg/m2) showed a significantly higher risk of MI compared to those with normal BMI,
after adjustment for age, smoking history, alcohol consumption,
regular exercise, low income, hypertension, dyslipidemia, CKD,
and DM (HR, 1.054; 95% CI, 1.015 to 1.094). The risk of stroke
significantly increased past the obesity range of BMI (≥25 kg/
m2) (Table 2). However, age-stratification showed that in women aged 60 to 69 years, the risks of MI and stroke in the overweight group were not different compared to those for women
with normal weight (HR, 1.011; 95% CI, 0.964 to 1.060; and
HR, 0.976; 95% CI, 0.941 to 1.013, respectively) (Supplemental
Table S3).
In the case of overall mortality, the nadir of mortality found in
overweight women was more prominent in the postmenopausal
group compared to that in the premenopausal group, and the
mortality in overweight women was significantly lower than
that in women with normal BMI (HR, 0.839; 95% CI, 0.816 to
0.863) (Fig. 2C). Furthermore, women with BMI 25.0 to 29.9
kg/m2 (obesity class I) also had a significantly lower mortality
than women with normal BMI (HR, 0.856; 95% CI, 0.834 to
0.879); even in those with obesity class II (BMI ≥30.0 kg/m2),
Copyright © 2021 Korean Endocrine Society

the risk of mortality was not different compared to that seen in
those with normal BMI (HR, 1.029; 95% CI, 0.982 to 1.079)
(Fig. 2C). The mortality rate of those with BMI <18.5 kg/m2
was 83.5% higher compared to that in those normal BMI (HR,
1.835; 95% CI, 1.727 to 1.950) (Table 2). Significantly lower
mortality risk in overweight and obese women and significantly
higher mortality in underweight women compared to women
with normal BMI were found irrespective of the presence or the
absence of comorbidities (Table 3, Supplemental Fig. S2B). The
reduction of overall mortality in those with BMI 23.0–24.9 and
25.0–29.9 kg/m2 compared to the normal-weight population
was more prominent with increasing age (Supplemental Table
S3). In postmenopausal women aged 60 to 69 years, the HRs of
mortality of women with BMI 23.0–24.9 and 25.0–29.9 kg/m2
were 0.829 (95% CI, 0.802 to 0.858) and 0.837 (95% CI, 0.811
to 0.863), respectively.
Differences in the effect of BMI on the outcomes according
to DM
Subsequent stratified analysis according to DM showed that the
risks of MI, stroke, and mortality according to BMI found in the
entire population were also replicated in non-diabetic women
irrespective of menopausal status (Table 4, Fig. 3). However, in
diabetic women, there was no significant increment in the risk
of MI or stroke in those with BMI above the normal range (Table 4, Fig. 3A, B). Furthermore, among diabetic postmenopausal women, the risks of MI and stroke were significantly lower in
women with BMI 25.0 to 29.9 kg/m2 compared to those in
women with normal BMI (Table 4).
The nadir in mortality among the diabetic women was found
in those with BMI 25.0 to 29.9 kg/m2, both in the premenopausal and the postmenopausal groups (HR, 0.689; 95% CI, 0.562 to
0.844; and HR, 0.722; 95% CI, 0.683 to 0.763, respectively)
(Fig. 3C). Furthermore, among the postmenopausal women
with DM, being in obesity class II (BMI ≥30 kg/m2) significantly decreased the risk of mortality compared to having normal weight (HR, 0.846; 95% CI, 0.778 to 0.919).
The risk of MI, stroke, and mortality according to WC
Subsequently, we compared the risk of MI and stroke according
to WC and found that abdominal obesity significantly increased
the risk of both stroke and MI, irrespective of menopausal status
even after adjustment for age, smoking, drinking history, low
income, regular exercise, HRT, hypertension, dyslipidemia,
CKD, and DM (P for trend <0.001 in all) (Fig. 2D, E, Supplemental Table S4). Even for those within the normal range of
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<0.001
<0.001

1.649 (1.424–1.909)

≥95.0
<65.0
65.0–74.9
75.0–84.9
85.0–94.9

≥95.0
<65.0
65.0–74.9
75.0–84.9
85.0–94.9
<0.001
<0.001
0.254
0.598

<0.001
<0.001
<0.001
<0.001

<0.001

≥95.0

0.001

<0.001

0.134
0.876

<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
0.194

0.001

0.510

0.774 (0.667–0.896)
0.867 (0.812–0.924)
1 (reference)
1.172 (1.073–1.280)
1.379 (1.165–1.634)
0.748 (0.647–0.865)
0.835 (0.785–0.888)
1 (reference)
1.188 (1.097–1.286)
1.382 (1.193–1.601)
1.072 (0.951–1.209)
0.984 (0.928–1.044)
1 (reference)
1.185 (1.091–1.287)

0.932 (0.757–1.148)
1 (reference)
1.132 (1.053–1.218)
1.322 (1.230–1.419)
1.449 (1.258–1.67)
0.869 (0.703–1.074)
1 (reference)
1.179 (1.101–1.263)
1.316 (1.230–1.408)
1.536 (1.358–1.739)
1.394 (1.202–1.617)
1 (reference)
0.951 (0.890–1.016)
1.005 (0.940–1.075)
1.278 (1.124–1.453)

P value

1.363 (1.073–1.731)

1.009 (0.766–1.328)
0.860 (0.752–0.984)
1 (reference)
1.220 (1.031–1.442)
1.356 (1.009–1.821)
0.970 (0.724–1.299)
0.837 (0.729–0.961)
1 (reference)
1.156 (0.978–1.366)
0.933 (0.674–1.290)
1.477 (1.232–1.770)
0.978 (0.883–1.084)
1 (reference)
0.987 (0.853–1.142)

1.471 (1.076–2.013)
1 (reference)
1.185 (1.021–1.375)
1.228 (1.059–1.424)
1.696 (1.329–2.164)
1.464 (1.049–2.042)
1 (reference)
1.233 (1.058–1.435)
1.282 (1.105–1.489)
1.128 (0.856–1.487)
1.662 (1.348–2.049)
1 (reference)
0.985 (0.877–1.106)
0.972 (0.864–1.093)
1.154 (0.933–1.428)

0.011

0.860

<0.001
0.673

0.089
0.673

0.020
0.043
0.837
0.012

0.951
0.028

0.798
0.634
0.187

<0.001

0.007
0.001
0.393

<0.001
0.025

0.025
0.007

0.016

P value

Comorbidities (+)
HR (95% CI)

Premenopausal women

<65.0
65.0–74.9
75.0–84.9
85.0–94.9

≥30.0

≥30.0
<18.5
18.5–22.9
23.0–24.9
25.0–29.9

≥30.0
<18.5
18.5–22.9
23.0–24.9
25.0–29.9

<18.5
18.5–22.9
23.0–24.9
25.0–29.9

HR (95% CI)

No comorbidities

1.287 (1.221–1.357)

0.839 (0.729–0.965)
0.867 (0.829–0.906)
1 (reference)
1.203 (1.159,1.249)
1.339 (1.254–1.430)
0.999 (0.896–1.114)
0.892 (0.860–0.926)
1 (reference)
1.088 (1.055,1.122)
1.192 (1.130,1.258)
1.427 (1.304–1.561)
1.068 (1.032–1.105)
1 (reference)
1.034 (1.002–1.067)

1.053 (0.915–1.212)
1 (reference)
1.071 (1.026–1.119)
1.213 (1.166–1.263)
1.402 (1.307–1.503)
1.143 (1.025–1.275)
1 (reference)
1.023 (0.987–1.059)
1.073 (1.038–1.108)
1.165 (1.099–1.234)
1.775 (1.638–1.923)
1 (reference)
0.858 (0.829–0.888)
0.877 (0.850–0.905)
1.054 (0.995–1.116)

HR (95% CI)

<0.001

0.038

<0.001
<0.001
<0.001
<0.001

<0.001

<0.001
<0.001
0.988

<0.001

0.014

<0.001
<0.001
0.073

<0.001
<0.001
<0.001

0.210

<0.001
<0.001
0.017

0.002

0.469

1.284 (1.194–1.381)

0.981 (0.792–1.216)
0.927 (0.860–1.000)
1 (reference)
1.127 (1.058–1.200)
1.257 (1.135–1.391)
1.134 (0.945–1.360)
0.968 (0.906–1.034)
1 (reference)
1.075(1.018,1.135)
1.247(1.144,1.359)
1.665 (1.487–1.865)
1.126 (1.072–1.183)
1 (reference)
1.001 (0.956–1.049)

1.456 (1.224–1.732)
1 (reference)
1.003 (0.932–1.079)
1.134 (1.061–1.212)
1.198 (1.070–1.342)
1.193 (1.013–1.404)
1 (reference)
0.988 (0.928–1.052)
0.995 (0.939–1.054)
1.096 (0.995–1.207)
1.888 (1.719–2.074)
1 (reference)
0.800 (0.761–0.841)
0.808 (0.772–0.846)
0.964 (0.890–1.045)

<0.001

0.952

<0.001
<0.001
<0.001

0.009

<0.001
<0.001
0.177
0.335

0.861
0.049

<0.001
<0.001
0.372

<0.001

0.703
0.866
0.063

<0.001
0.002
0.034

0.939

<0.001

P value

Comorbidities (+)
HR (95% CI)

Postmenopausal women
P value

No comorbidities

CKD was defined as estimated glomerular filtration rate <30 mL/min/1.73 m2. HR with adjustment for age, smoking, drinking history, low income, regular exercise, hormone replacement therapy (in the
case of postmenopausal women), hypertension, dyslipidemia, diabetes mellitus, and eGFR <60 mL/min/1.73 m2.
BMI, body mass index; WC, waist circumference; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; COPD, chronic obstructive pulmonary disease; HR, hazard ratio; CI, confidence
interval; MI, myocardial infarction.

Mortality

Stroke

WC, cm
MI

Mortality

Stroke

MI

BMI, kg/m2

Category

Table 3. Incidence of Cardiovascular Disease or Mortality According to BMI/WC in Women with and without Comorbidities Including Cancer, CKD (eGFR <30 mL/
min/1.73 m2), COPD, and Current Smoker
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0.002

<0.001
<0.001

1 (reference)

1.180 (1.085–1.284)

1.440 (1.218–1.702)

75.0–84.9

85.0–94.9

≥95.0

0.002

0.862 (0.812–0.915)

<0.001
<0.001

1 (reference)

1.213 (1.122–1.310)

1.351 (1.157–1.579)

75.0–84.9

85.0–94.9

≥95.0

<0.001

0.827 (0.78–0.877)

<0.001

0.783 (0.686–0.894)

<65.0

65.0–74.9

<0.001

0.810 (0.710–0.924)

<65.0

<0.001

1.440 (1.218–1.702)

≥95.0

65.0–74.9

<0.001

1 (reference)

1.180 (1.085–1.284)

<0.001

85.0–94.9

0.862 (0.812–0.915)

75.0–84.9

0.810 (0.710–0.924)

1.307 (1.156–1.477)

≥30.0

<65.0

<0.001

1.035 (0.974–1.100)

25.0–29.9

65.0–74.9

0.265

0.967 (0.911–1.026)

23.0–24.9

0.267

1 (reference)

<0.001

18.5–22.9

1.431 (1.263–1.622)

<0.001

1.514 (1.333–1.720)

≥30.0

<18.5

<0.001

1.361 (1.276–1.451)

25.0–29.9

<0.001

1 (reference)

1.205 (1.129–1.287)

23.0–24.9

0.579

18.5–22.9

0.948 (0.786–1.144)

<0.001

1.593 (1.393–1.823)

≥30.0

<18.5

<0.001

1.336 (1.25–1.429)

25.0–29.9

<0.001

1 (reference)

1.158 (1.083–1.239)

0.515

23.0–24.9

1.060 (0.889–1.265)

P value

DM

1.125 (0.862–1.467)

1.049 (0.868–1.267)

1 (reference)

1.045 (0.844–1.294)

0.996 (0.469–2.113)

1.235 (0.904–1.688)

1.214 (0.979–1.507)

1 (reference)

0.908 (0.703–1.175)

1.047 (0.464–2.363)

1.235 (0.904–1.688)

1.214 (0.979–1.507)

1 (reference)

0.908 (0.703–1.175)

1.047 (0.464–2.363)

0.894 (0.688–1.161)

0.689 (0.562–0.844)

0.825 (0.661–1.03)

1 (reference)

2.553 (1.605–4.061)

1.015 (0.782–1.317)

0.860 (0.702–1.053)

0.908 (0.723–1.14)

1 (reference)

1.936 (1.075–3.485)

1.042 (0.766–1.418)

0.940 (0.746–1.185)

0.878 (0.674–1.144)

1 (reference)

0.963 (0.393–2.356)

HR (95% CI)

Premenopausal women

18.5–22.9

<18.5

HR (95% CI)

No DM

0.387

0.622

0.684

0.991

0.184

0.078

0.464

0.913

0.184

0.078

0.464

0.913

0.400

<0.001

0.090

<0.001

0.911

0.145

0.404

0.028

0.794

0.602

0.336

0.933

P value

1.331 (1.261–1.405)

1.051 (1.020–1.084)

1 (reference)

1.069 (1.037–1.103)

1.473 (1.367–1.587)

1.202 (1.134–1.274)

1.092 (1.059–1.127)

1 (reference)

0.902 (0.871–0.934)

1.024 (0.928–1.130)

1.373 (1.282–1.471)

1.214 (1.170–1.260)

1 (reference)

0.866 (0.831–0.903)

0.846 (0.747–0.958)

1.113 (1.052–1.179)

0.898 (0.872–0.925)

0.848 (0.822–0.875)

1 (reference)

1.808 (1.692–1.931)

1.213 (1.141–1.290)

1.088 (1.054–1.124)

1.032 (0.997–1.068)

1 (reference)

1.116 (1.009–1.233)

1.503 (1.400–1.614)

1.278 (1.230–1.329)

1.092 (1.047–1.138)

1 (reference)

1.178 (1.046–1.327)

HR (95% CI)

No DM

<0.001

0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.636

<0.001

<0.001

<0.001

0.009

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.076

0.032

<0.001

<0.001

<0.001

0.007

P value

DM

1.219 (1.135–1.308)

0.960 (0.912–1.011)

1 (reference)

1.187 (1.105–1.274)

1.849 (1.497–2.282)

1.225 (1.137–1.318)

1.070 (1.016–1.128)

1 (reference)

0.958 (0.883–1.040)

1.129 (0.844–1.511)

1.227 (1.118–1.348)

1.108 (1.038–1.183)

1 (reference)

0.985 (0.891–1.089)

1.218 (0.858–1.727)

0.846 (0.778–0.919)

0.722 (0.683–0.763)

0.795 (0.747–0.846)

1 (reference)

2.044 (1.749–2.389)

1.005 (0.921–1.096)

0.939 (0.885–0.998)

0.941 (0.880–1.006)

1 (reference)

1.491 (1.206–1.844)

0.993 (0.891–1.107)

0.917 (0.851–0.988)

0.894 (0.822–0.972)

1 (reference)

1.372 (1.046–1.799)

HR (95% CI)

Postmenopausal women

<0.001

0.123

<0.001

<0.001

<0.001

0.011

0.305

0.414

<0.001

0.002

0.772

0.270

<0.001

<0.001

<0.001

<0.001

0.913

0.042

0.074

<0.001

0.903

0.023

0.009

0.022

P value

HR with adjustment for age, smoking, drinking history, low income, regular exercise, hormone replacement therapy (in the case of postmenopausal women), hypertension, dyslipidemia, and estimated glomerular filtration rate <60 mL/min/1.73 m2.
BMI, body mass index; WC, waist circumference; DM, diabetes mellitus; HR, hazard ratio; CI, confidence interval; MI, myocardial infarction.
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Stroke

MI
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Mortality

Stroke
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Non-DM (premenopause)

Hazzard ratio (95% CI)

3

DM (premenopause)
Non-DM (postmenopause)
DM (postmenopause)

2

1

0

<18.5 18.5−22.9 23−24.9 25−29.9

≥30

A

Body mass index (kg/m2)

Hazzard ratio (95% CI)

4

3
2
1
0

<18.5 18.5−22.9 23−24.9 25−29.9

≥30

B

Body mass index (kg/m2)

Hazzard ratio (95% CI)

5
4
3
2
1
0

<18.5 18.5−22.9 23−24.9 25−29.9
Body mass index (kg/m2)

≥30

C

Fig. 3. The risk of myocardial infarction, stroke, and mortality during the follow-up period according to body mass index, diabetes
mellitus (DM), and menopausal status. Hazard ratios for myocardial infarction (A), stroke (B), and mortality (C) according to body
mass index after adjustment for age, smoking history, alcohol consumption, regular exercise, low income, hypertension, dyslipidemia, and chronic kidney disease in premenopausal (black) and
postmenopausal (grey) women with (square) and without DM (circle). CI, confidence interval.

WC (<85 cm), women with WC 65.0 to 74.9 cm had a lower
risk of MI and stroke compared to those with WC 75.0 to 84.9

1038 www.e-enm.org

cm, in both the premenopausal and postmenopausal groups
(Supplemental Table S4).
The nadir of mortality was found in those with WC 65.0–74.9
and 75.0–84.9 cm in premenopausal and postmenopausal women, respectively (Supplemental Table S4). A U-shaped relationship with mortality was also found for WC: the risk of mortality
was significantly increased for those with WC ≥85.0 and ≥
95.0 cm among premenopausal and postmenopausal women,
respectively, as well as for those with WC <65.0 cm (Fig. 2F).
Among subjects with comorbidity, the risk of mortality in those
with WC <65.0 cm was more prominent both in the premenopausal and postmenopausal women compared to those in subjects without comorbidity (HR, 1.477; 95% CI, 1.232 to 1.770;
and HR, 1.665; 95% CI, 1.487 to 1.865, in the premenopausal
and the postmenopausal women, respectively) (Table 3, Supplemental Fig. S2C, D).
Stratified analysis according to DM status showed that in the
case of premenopausal women without diabetes, a linear trend
of HR according to WC was found (P for trend <0.001); women with WC <65.0 cm exhibited the lowest mortality (HR,
0.783; 95% CI, 0.686 to 0.894) (Table 4).

DISCUSSION
Using a nationwide health examination database and claims
data covering 97.0% of the population in Korea, we found that
the risk of MI during the 10-year follow-up period was significantly increased when BMI was ≥23 kg/m2 (overweight range)
at baseline, irrespective of menopausal status. The risk of stroke
during the same period significantly increased when BMI ≥23
and ≥25 kg/m2 in the premenopausal and postmenopausal
women, respectively. However, the presence of DM, rather than
other comorbidities such as cancer or COPD, attenuated the risk
of MI and stroke associated with being overweight or obese;
there was similar or significantly lower incidence of MI or
stroke in those above the reference range of BMI compared to
those in the normal range in women with DM.
The current study replicated the J-shaped relationship between BMI and mortality in postmenopausal women; in this
group, those with BMI 23.0 to 24.9 kg/m2 (overweight) showed
the lowest mortality. In postmenopausal women, those with
BMI 25.0 to 29.9 kg/m2 (obesity) also had a significantly lower
mortality compared to those with normal weight. In premenopausal women, the nadir of the risk of mortality was also found
in those who were overweight; however, this was not statistically different from those with normal BMI. The mortality in the
Copyright © 2021 Korean Endocrine Society
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premenopausal women increased significantly from obesity
class II, that is, BMI ≥30 kg/m2. Even for premenopausal
women without comorbidity, the same trend in the association
between BMI and mortality was replicated. However, age stratification demonstrated that the lower mortality found in overweight and obese women was attenuated by young age.
Age is an important determining factor in the association between BMI and overall mortality [3,4]. A prospective study of
14 years showed that mortality in overweight women was increased only in those aged <65 years; there was no difference
in the mortality rate between women who are overweight and
those who are normal weight in women aged ≥65 years [3].
Similarly, another study also confirmed that being overweight
was an independent risk factor for the overall mortality only in
those aged <60 years [4].
Contrasting overall mortality, obesity or overweight have
been reported to increase the risk of CVD [19], and the current
study results also support this. In the current study, obesity was
an independent risk factor for MI or stroke, irrespectively of
menopausal status. Among CVD, MI or heart failure was more
highly associated with obesity compared to stroke [19]; this
may explain the lack of increase of risk of stroke by obesity in
several subgroups in the current study, such as postmenopausal
women with comorbidities.
A pooled longitudinal cohort study reported that being overweight and obesity were independent risk factors for cumulative
lifetime incident CVD events and CVD death [19]. By contrast,
non-CVD death was lowered in overweight and obese people
[19], which might explain the lower overall mortality in the
obese and overweight population, despite their high CVD risk,
compared to those in the normal-weight class in the current
study. In addition, among patients with pre-existing CVD [1,20]
or heart failure [21], being overweight lowered the CVD mortality as well as overall mortality during the follow-up period. In
contrast, in individuals with good cardiorespiratory function,
there was no benefit from being overweight or obese [22]. The
current study also confirmed this through the stratification according to the presence of comorbidities; in addition, even being in obesity class II did not increase the risk of mortality in
those with comorbidities, irrespective of menopausal status.
The current study showed the presence of DM, rather than
other comorbidities such as cancer or COPD, attenuated the risk
of MI and stroke associated with being overweight or obese. In
previous prospective cohort studies, it was found that weight
gain before the diagnosis of DM increased the risk of CVD;
however, weight gain after the diagnosis of DM was not associCopyright © 2021 Korean Endocrine Society

ated with risk of CVD [5,6], which might be due to the fact that
after the development of DM, insulin resistance and the associated CVD risk is too high to be affected by any additional
weight gain. In addition, hypertension or dyslipidemia, which
frequently accompany DM as well as obesity, play more important roles in the development of CVD compared to obesity
[23,24].
In the case of WC, a linear increasing trend with MI and
stroke was found, irrespective of menopausal status, which corresponded to the results of a previous report in the European
population [25]. WC can discriminate CVD outcomes better
than BMI [25], and the effect of WC on clinical outcomes was
maintained across diverse BMI categories [26,27]. In the current study, even in those within the normal range of WC (<85
cm), women with WC 75.0 to 84.9 cm had a higher risk of MI
and stroke compared to those with WC 65.0 to 74.9 cm. Stratified analysis according to DM status also confirmed that abdominal obesity (WC ≥85 cm) increased the risk of MI in
women. A J-shaped association with mortality was also found
for WC; however, there was no significant increment of mortality in the normal range of WC (75.0 to 84.9 cm).
The current study has several limitations. First, the CVD
events during the follow-up period were assessed using claims
data. Claims data might underestimate the real incidence of
CVD, especially in the case of ischemic stroke [28]. In addition,
it provides limited information on disease severity. However,
the definitions for CVD used in the current study were validated
in a previous study in Korea; their sensitivity and positive predictive values for the claims data were reported to reach 90%
[11]. Furthermore, the NHIS in Korea covers the claims of
97.0% of the population, thus proving invaluable in the estimation of the effect of obesity parameters on clinical outcomes in
the entire Korean population; this also helps to build a cutoff
value for the obesity parameter for public health in Korea. Second, we did not have cause-specific mortality data, which
makes it more difficult to explain the different effect of overweight or obesity status on CVD events and overall mortality.
Finally, the median duration of follow-up of the current study
was 9.3 years, and follow-up duration affects the impact of BMI
on mortality. The underweight group had been reported to have
increased risk for CVD mortality and overall mortality [1], as is
in the current study, but this was attenuated with longer-term
follow-up [4]. In addition, the long-term benefit of obesity on
CVD mortality in those with pre-existing CVD disappeared after 5 years of follow-up [20]. Further long-term studies should
be performed, especially in the younger population, to estimate
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an optimal BMI or WC for long-term benefit.
In conclusion, for CVD prevention, the current reference
range of BMI (18.5 to 22.9 kg/m2) may be optimal irrespective
of menopausal status. However, in diabetic women or women
aged ≥60 years, a less stringent cutoff for obesity can be applied. To estimate the risk of CVD events, WC might be more
suitable than BMI in those with DM or comorbidities, especially in postmenopausal women. In postmenopausal women, being
overweight and obese reduced the mortality rate significantly
even in those without comorbidities, which suggests that consideration for menopausal status as well as age should be required for BMI cutoff for obesity management.
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