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Abstract

Background There is lack of data on effect modification by age on the association between body mass index (BMI) or
waist circumference (WC) and cardiovascular diseases (CVDs). We aimed to investigate the impact of BMI and WC on
incident CVDs in individuals aged 40 and 66 years.
Methods Overall, 2 430 510 participants who underwent a national health screening for transitional ages provided by
the Korean National Health Insurance Service between 2009 and 2012 were included. The adjusted hazard ratios and
95% confidence intervals for myocardial infarction (MI), ischaemic stroke and CVDs as a composite outcome of MI and
ischaemic stroke were calculated using multivariable Cox proportional hazard regression analysis.
Results During a mean follow-up of 7.7 years, 24 884 MI and 29 415 ischaemic stroke events occurred. Among partic-
ipants aged 40 years, there was a J-shaped association of BMI with incident CVDs, MI and ischaemic stroke with nadir
at BMI 18.5–22.9 kg/m2 (P for trend < 0.001 for all). Among those aged 66 years, there were significant U-shaped as-
sociations of BMI with CVDs and MI with nadir at a BMI of 23.0–24.9 kg/m2 (P for trend 0.013 and 0.017, respectively).
WC was linearly associated with all study outcomes in both age groups (P for trend <&nbsp;0.001). The impact of gen-
eral and abdominal obesity on both study outcomes was more prominent in those aged 40 years than in those aged
66 years (P for interaction < 0.001).
Conclusions To prevent cardiovascular risk, weight loss intervention should be cautiously implemented and individu-
alized according to age. The maintenance of muscle mass may be essential in managing weight loss particularly in older
population.
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circumference
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Introduction

Cardiovascular diseases (CVDs), principally myocardial infarc-
tion (MI) and ischaemic stroke, are the leading cause of dis-
ease burden, accounting for approximately 32% of all death
worldwide, and a major contributor to disability.1 The preva-
lence of CVD nearly doubled from 1999 to 2019, and the
number of CVD deaths also steadily increased.2 Obesity is a
well-known risk factor for CVDs and mortality in the general
population.3 Obesity contributes directly to incident cardio-
vascular risk factors, including lipid profiles, blood pressure
and glucose levels.3 Low grade inflammation caused by obe-
sity may play a significant role in atherosclerotic processes
and cardiovascular burden, independently of other conven-
tional cardiovascular risk factors.3

Although obesity is associated with an increased risk of
CVD in even healthy individuals, the risk levels may vary with
age. It has been suggested that the effect of body mass in-
dex (BMI) on CVD is influenced by age.4,5 A pooled analysis
of prospective data showed that the strength of the associ-
ation between BMI and death caused by coronary heart dis-
ease and ischaemic stroke was stronger in younger adults
than in older adults.6 In addition, CVD mortality was higher
in younger men than in older men, even at the same
BMI.7 A high BMI was associated with an increased risk of
death caused by CVD, but the risk associated with BMI was
higher in younger people.8 The mortality rate caused by
CVDs according to BMI showed curvilinear pattern in youn-
ger adults: J-shaped and U-shaped associations with increas-
ing age and near reverse J-shaped association in older
adults.9 However, most previous studies mainly focused on
the impact of age on the association between BMI and
CVD mortality, but not CVD incidence.5–8 They also did not
compare middle and older age groups but simply dichoto-
mized age, such as <60 and ≥60 years7,8 and <53 and
≥53 years.6 There is another limitation relative to the study
population and cases, such as the largest pooled analysis
with 9142 coronary heart diseases and 5771 ischaemic
strokes among 1 124 897 Asians.6

Meanwhile, as BMI is unable to distinguish between lean
and fat mass and may not be equally valid across age groups,
abdominal obesity measured by waist circumference (WC)
might be better than BMI to identify individuals at increased
risk of developing CVDs, even in the absence of other meta-
bolic abnormalities. WC showed a better ability to predict
CVDs including MI and ischaemic stroke than BMI.10 How-
ever, there is lack of data on effect modification by age on
the association between WC and CVDs and how different
from the association between BMI and CVDs. Understanding
the presence of such effect modification by age is important
and prioritizing public health education.

The aim of this study was to evaluate the impact of
BMI and WC on the risk of MI and ischaemic stroke
incidence in individuals aged 40 and 66 years using the da-

tabase of the Korean National Health Insurance Service
(NHIS) life-transition health screening program.

Methods

Data source and study setting

The NHIS in Republic of Korea, a single and universal insur-
ance system provided by the South Korean government,
covers approximately 97% of the population. The remaining
3% of the population in the lowest income bracket is covered
by the government-financed-medical aid program, which is
also administered by the NHIS. The NHIS recommends all in-
sured individuals, such as all citizens aged 40 years and above
and all employees regardless of age, to receive a general
health examination at least every 2 years. This national health
examination consists of a standard questionnaire (regarding
medical history, current medications and lifestyle habits, such
as drinking, smoking and exercise), anthropometric measure-
ments (height, weight and WC) and laboratory tests.11 The
serial data of the individuals from health examinations are
deposited to the NHIS database. In addition, they can be
linked with the information on claimed health care utiliza-
tion, which has been widely used for epidemiological
studies.12,13

Since 2007, the Korean government has launched the Na-
tional Screening Program for Transitional Ages to promote
the national screening program to the more advanced and
improve the screening rate.14 It targeted two age groups,
people aged 40 and 66 years; these ages are believed to be
important transition periods in terms of health in one’s life
cycle. Age 40 is regarded as the time of transition to middle
age, and the incidence of many chronic diseases begins to in-
crease during this transition, whereas age 66 is regarded as
the time of transition to old age when a geriatric approach
becomes necessary for comprehensive health promotion.

Study population

We initially identified 2 968 660 participants aged 40 and
66 years who underwent a national health screening for
transitional ages provided by the NHIS in 2009–2012. We
excluded individuals who had been diagnosed with MI or
ischaemic stroke (n = 39 245) and those who had percutane-
ous coronary intervention or peripheral arterial disease
(n = 432 892) before the health screening. To reduce the
effect of reverse causality, we applied a 1-year lag time by
excluding participants who were diagnosed with MI or isch-
aemic stroke and who died within 1 year after the health
screening (n = 7989). Those with missing information on the
variables used in this study (n = 58 024) were also excluded.

370 J.E. Yoo et al.

Journal of Cachexia, Sarcopenia and Muscle 2023; 14: 369–381
DOI: 10.1002/jcsm.13138



Finally, 2 430 510 eligible participants were included in the
study.

This study adhered to the tenets of the Declaration of
Helsinki and was approved by the Institutional Review Board
of Korea University Anam Hospital (No. 2020AN0268). The re-
quirement for written informed consent was waived because
anonymous and de-identified information was used for the
analysis.

Exposure: Body mass index and waist
circumference

Height, weight and WC were measured while participants
wore lightweight clothing. BMI was calculated as weight
(kg) divided by height in metres squared (m2). According to
the World Health Organization recommendations for Asian
populations, participants were categorized into five BMI
groups: (1) <18.5 kg/m2 (underweight), (2) 18.5–22.9 kg/m2

(normal), (3) 23.0–24.9 kg/m2 (overweight), (4) 25.0–
29.9 kg/m2 (class I obesity) and (5) ≥30.0 kg/m2 (class II
and III obesity).15 General obesity was defined as
BMI ≥ 25 kg/m2. Participants were classified into six groups
with 5-cm intervals of WC as follows: for men, (1)
<80.0 cm, (2) 80.0–84.9 cm, (3) 85.0–89.9 cm, (4) 90.0–
94.9 cm, (5) 95.0–99.9 cm and (6) ≥100.0 cm; for women,
(1) <75.0 cm, (2) 75.0–79.9 cm, (3) 80.0–84.9 cm, (4) 85.0–
89.9 cm, (5) 90.0–94.9 cm and (6) ≥95.0 cm. Abdominal obe-
sity was defined as WC ≥ 90.0 cm for men and ≥85.0 cm for
women according to the obesity guidelines for the manage-
ment of obesity in the Korean population.16

Study outcomes: Myocardial infarction, ischaemic
stroke, and cardiovascular diseases

The primary endpoints of this study were newly diagnosed MI
and ischaemic stroke. Newly diagnosed MI and ischaemic
stroke were identified on the basis of the International Classi-
fication of Diseases (ICD)-10 codes. The ICD-10 codes for MI
were I21 or I22 during hospitalization. The ICD-10 codes for
ischaemic stroke were I63 or I64 during hospitalization, with
claims for brain magnetic resonance imaging or brain com-
puted tomography.17 We also defined CVDs as a composite
outcome of MI and ischaemic stroke. The cohort was followed
from 1 year after the health screening date to the date of any
incident MI, ischaemic stroke, death or the end of the study
period (31 December 2019), whichever came first.

Covariates

Household income was categorized into quartiles based on
insurance premium levels in which in Korea, insurance pre-

miums are determined by income level, with those covered
by medical aid (3% of the poorest) being merged into the
lowest income quartile. Smoking status was classified as
non-smoker or current smoker. Heavy drinkers were defined
as those who consumed ≥30 g/day of alcohol. Regular exer-
cise was defined as moderate physical activity for more than
30 min and more than 5 days/week during the past week.

Systolic and diastolic blood pressure was measured in a
seated position after at least 5-min rest. Blood sampling,
measuring serum glucose, lipid and creatinine levels, was
conducted after an overnight fast. These health examinations
were performed in hospitals certified by the NHIS under reg-
ular quality control. Hypertension was defined as a claim ac-
cording to ICD-10 codes for diagnosis (I10–I13 or I15), antihy-
pertensive medication or systolic/diastolic blood pressure of
≥140/90 mmHg. Type 2 diabetes was defined as a claim with
E11–E14 codes linked to a history of antidiabetic medication
prescription or fasting glucose level ≥ 126 mg/dL.
Dyslipidaemia was defined as a history of claims with E78
codes, lipid-lowering medications or a total cholesterol
level ≥ 240 mg/dL. Chronic kidney disease (CKD) was defined
as glomerular filtration rate < 60 mL/min/1.73 m2 as esti-
mated using the Modification of Diet in Renal Disease
equation.

Statistical analysis

Continuous variables are presented as means ± standard de-
viation (SD) and categorical variables are presented as num-
bers and percentages. Hazard ratios (HRs) and 95% confi-
dence intervals (CIs) for CVDs, MI and ischaemic stroke
were calculated using the multivariable Cox proportional haz-
ards regression analysis. Model 1 was adjusted for sex, in-
come, smoking status, alcohol consumption, physical activity
and comorbidities (hypertension, type 2 diabetes,
dyslipidaemia and CKD). Model 2 was additionally adjusted
for baseline WC for the association of BMI with outcomes
and baseline BMI for the association of WC with outcomes.
Stratified analyses were performed to determine the associa-
tion between general and abdominal obesity and the inci-
dence of CVDs, MI and ischaemic stroke in subgroups accord-
ing to sex, smoking status, type 2 diabetes, hypertension and
CKD. Statistical analyses were performed using SAS Version
9.4 (SAS Institute Inc., Cary, NC, USA), and a P value < 0.05
was considered statistically significant.

Results

Baseline characteristics of study participants

Table 1 shows the baseline characteristics of individuals aged
40 and 66 years. Compared with the individuals aged 66 years,
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those aged 40 years tended to be current smokers, heavy al-
cohol drinkers and less likely to engage in regular exercise
(P < 0.001 for all). Individuals aged 40 years had lower BMI
and WC and fewer comorbidities such as hypertension, type
2 diabetes, dyslipidaemia and CKD than those aged 66 years
(P < 0.001 for all).

Associations between body mass index and the risk
of cardiovascular diseases by age group

During a mean follow-up of 7.7 years from 1 year after the
health screening, there were 52 095 CVD events (16 431 in
those aged 40 and 35 664 in those aged 66 years), 24 884
MI events (9964 in those aged 40 and 14 920 in those aged
66 years) and 29 415 ischaemic stroke events (6829 in those
aged 40 and 22 586 in those aged 66 years). Table 2 presents
the associations of BMI and general obesity with study out-
comes in the different age groups. Among individuals aged
40 years, general obesity was associated with an increased

risk of CVDs (adjusted HR [aHR] 1.26, 95% CI = 1.22–1.31),
MI (aHR 1.26, 95% CI = 1.21–1.32) and ischaemic stroke
(aHR 1.25, 95% CI = 1.19–1.32). A J-shaped association be-
tween BMI categories and CVDs, MI and ischaemic stroke
was observed among individuals aged 40 years (P for
trend < 0.001) (Table 2, Figure 1A and Figure S1). In individ-
uals aged 66 years, general obesity was significantly associ-
ated with the risk of CVDs (aHR 1.03, 95% CI = 1.01–1.06)
and MI (aHR 1.06, 95% CI = 1.03–1.10), but not with ischae-
mic stroke (aHR 1.01, 95% CI = 0.99–1.04). There were signif-
icant U-shaped associations between BMI and CVDs and MI
with nadir at a BMI of 23.0–24.9 kg/m2 (P for trend 0.013
and 0.017) (Table 2, Figure 1B and Figure S1). The risk of out-
comes was increased in individuals aged 66 years with
BMI < 18.5 kg/m2 (aHR 1.12, 95% CI = 1.05–1.21 for CVDs;
aHR 1.19, 95% CI = 1.07–1.32 for MI; aHR 1.10, 95%
CI = 1.00–1.20 for ischaemic stroke) and in those with
BMI ≥ 30.0 kg/m2 (aHR 1.17, 95% CI = 1.11–1.24 for CVDs;
aHR 1.23, 95% CI = 1.13–1.35 for MI; aHR 1.13, 95%
CI = 1.05–1.21 for ischaemic stroke). The association between

Table 1 Baseline characteristics of study population

Variables

Age group

P value40 years (N = 1 866 591) 66 years (N = 563 919)

Sex (male) 931 010 (49.9) 276 665 (49.1) <0.001
Income (lowest quartile) 295 293 (15.8) 121 367 (21.5) <0.001
Current smoker 517 623 (27.7) 79 989 (14.2) <0.001
Heavy alcohol drinker 150 276 (8.1) 29 902 (5.3) <0.001
Regular exerciser 302 868 (16.2) 140 455 (24.9) <0.001
Height (cm) 165.4 ± 8.4 159.3 ± 8.4 <0.001
Weight (kg) 64.8 ± 12.3 61.3 ± 9.5 <0.001
Body mass index (kg/m2) 23.5 ± 3.3 24.1 ± 3.0 <0.001
<18.5 68 963 (3.7) 12 942 (2.3) <0.001
18.5–22.9 808 667 (43.3) 186 458 (33.1)
23–24.9 418 738 (22.4) 156 310 (27.7)
25–29.9 495 819 (26.6) 189 944 (33.7)
≥30.0 74 404 (4.0) 18 265 (3.2)

General obesity 570 223 (30.6) 208 209 (36.9)
Waist circumference (cm) 78.7 ± 9.4 82.7 ± 8.2 <0.001
M < 80.0; W < 75.0 830 915 (44.5) 127 141 (22.6) <0.001
M 80.0–84.9; W 75.0–79.9 432 110 (23.2) 134 141 (23.8)
M 85.0–89.9; W 80.0–84.9 314 492 (16.9) 141 850 (25.2)
M 90.0–94.9; W 85.0–89.9 170 975 (9.2) 93 613 (16.6)
M 95.0–99.9; W 90.0–94.9 73 837 (4.0) 44 317 (7.9)
M ≥ 100.0; W ≥ 95.0 44 262 (2.4) 22 857 (4.1)

Abdominal obesity 289 074 (15.5) 16 079 (28.5) <0.001
Systolic blood pressure (mmHg) 118.6 ± 13.9 128.3 ± 15.6 <0.001
Diastolic blood pressure (mmHg) 74.7 ± 10.1 77.9 ± 9.9 <0.001
Fasting glucose (mg/dL) 94.5 ± 19.2 102.4 ± 25.2 <0.001
Total cholesterol (mg/dL) 193.0 ± 36.8 199.4 ± 40.4 <0.001
HDL-C (mg/dL) 56.8 ± 27.4 54.7 ± 26.8 <0.001
Triglycerides (mg/dL) 126.8 ± 102.0 134.7 ± 87.4 <0.001
LDL-C (mg/dL) 113.1 ± 53.8 119.5 ± 51.9 <0.001
eGFR (mL/min/1.73 m2) 92.7 ± 38.5 83.7 ± 31.9 <0.001
Comorbidities
Hypertension 217 086 (11.6) 279 215 (49.5) <0.001
Type 2 diabetes 65 891 (3.5) 90 616 (16.1) <0.001
Dyslipidaemia 202 581 (10.9) 162 251 (28.8) <0.001
Chronic kidney disease 52 147 (2.8) 62 587 (11.1) <0.001

Note: Data are expressed as the mean ± standard deviation, or number (percentage). Abbreviations: eGFR, estimated glomerular filtration
rate; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; M, men; W, women.
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BMI and study outcomes was more prominent in individuals
aged 40 years than in those aged 66 years (P for interac-
tion < 0.001). Similar patterns were maintained after addi-
tionally adjusting WC (Model 2) and adjusting low-density li-
poprotein cholesterol and systolic blood pressure instead of
dyslipidaemia and hypertension (Table S1). After stratification
by sex, these associations were consistently observed (Tables
S2 and S3).

Associations between waist circumference and risk
of cardiovascular diseases by age group

Among individuals aged 40 years, abdominal obesity was as-
sociated with an increased risk of CVDs (aHR 1.27, 95%

CI = 1.22–1.32), MI (aHR 1.27, 95% CI = 1.21–1.34) and isch-
aemic stroke (aHR 1.26, 95% CI = 1.19–1.33) (Table 3). The
risk of study outcomes in individuals aged 40 years was in-
creased with WC in a dose-dependent manner: from individ-
uals with WC < 80.0 cm for men and <75.0 cm for women
(aHR 0.84, 95% CI = 0.80–0.88 for CVDs; aHR 0.82, 95%
CI = 0.78–0.87 for MI; aHR 0.87, 95% CI = 0.81–0.94 for isch-
aemic stroke) to those with ≥100.0 cm for men and ≥95.0 cm
for women (aHR 1.28, 95% CI = 1.18–1.39 for CVDs; aHR 1.28,
95% CI = 1.15–1.42 for MI; aHR 1.27, 95% CI = 1.12–1.44 for
ischaemic stroke) (P for trend < 0.001) (Table 3, Figure 1C
and Figure S1). Even to a lesser degree than in the younger
age group, abdominal obesity was associated with an in-
creased risk of CVDs (aHR 1.11, 95% CI = 1.09–1.14), MI
(aHR 1.14, 95% CI = 1.10–1.18) and ischaemic stroke (aHR

Figure 1 Association between body mass index (BMI) and waist circumference (WC) and cardiovascular diseases according to ages (40 and 66 years).
(A) By BMI in age 40; (B) by BMI in age 66; (C) by WC in age 40; (D) by WC in age 66. Adjusted for sex, income, smoking status, alcohol consumption,
physical activity, hypertension, type 2 diabetes, dyslipidaemia and chronic kidney disease. CI, confidence interval; HR, hazard ratio
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1.09, 95% CI = 1.06–1.12) among individuals aged 66 years.
The risk of study outcomes in groups aged 66 years also line-
arly increased with WC from <80.0 cm for men and
<75.0 cm for women (aHR 0.93, 95% CI = 0.90–0.96 for CVDs;
aHR 0.95, 95% CI = 0.90–1.00 for MI; aHR 0.93, 95% CI = 0.89–
0.96 for ischaemic stroke) to ≥100.0 cm for men and
≥95.0 cm for women (aHR 1.18, 95% CI = 1.12–1.24 for CVDs;
aHR 1.20, 95% CI = 1.11–1.30 for MI; aHR 1.17, 95% CI = 1.10–
1.25 for ischaemic stroke) (P for trend < 0.001) (Table 3,
Figure 1D and Figure S1). More prominent associations
between WC and study outcomes were observed in individ-
uals aged 40 years than in individuals aged 66 years (P for
interaction < 0.001). Similar patterns were maintained
after additionally adjusting BMI (Model 2) and adjusting
low-density lipoprotein cholesterol and systolic blood pres-
sure instead of dyslipidaemia and hypertension (Table S4).
After stratification by sex, these associations were consis-
tently observed (Tables S5 and S6).

Stratified analyses

Stratified analyses according to sex, smoking status, type 2 di-
abetes, hypertension, dyslipidaemia and CKD were conducted
(Table 4). In individuals aged 40 years, the associations of
general and abdominal obesity with CVDs and ischaemic
stroke were prominent in women (P for interaction < 0.05
for all). The associations between general and abdominal
obesity and study outcomes were prominent in those with-
out type 2 diabetes and hypertension (P for interaction< 0.05
for all). In individuals aged 66 years, the associations of gen-
eral and abdominal obesity with study outcomes were prom-
inent for women, non-current smokers and those without
type 2 diabetes and hypertension (P for interaction < 0.05
for all).

Associations of combined status of general and
abdominal obesity with the risk of cardiovascular
diseases by age group

In individuals aged 40 years, the aHR of CVDs, MI and ischae-
mic stroke was (1) 1.25 (95% CI = 1.11–1.40), 1.16 (95%
CI = 0.99–1.35) and 1.40 (95% CI = 1.18–1.65) for having ab-
dominal obesity only; (2) 1.20 (95% CI = 1.16–1.25), 1.19
(95% CI = 1.13–1.25) and 1.21 (95% CI = 1.13–1.29) for having
general obesity only; and (3) 1.35 (95% CI = 1.30–1.41), 1.36
(95% CI = 1.29–1.44) and 1.33 (95% CI = 1.25–1.42) for having
both, compared with those without both (Table 5). On the
other hand, in individuals aged 66 years, compared with
those without both, those who had only general obesity
had the lowest risk of CVDs (aHR 0.97, 95% CI = 0.94–1.00),
MI (aHR 0.98, 95% CI = 0.93–1.03) and ischaemic stroke
(aHR 0.96, 95% CI = 0.92–1.00), which were higher among

those who had only abdominal obesity (CVDs: aHR 1.13,
95% CI = 1.09–1.18; MI: aHR 1.13, 95% CI = 1.06–1.21; ischae-
mic stroke: aHR 1.13, 95% CI = 1.07–1.19). The association
between the combined status of general and abdominal obe-
sity and study outcomes significantly differed between the
two age groups (P for interaction< 0.001). After stratification
by sex, these associations were consistently observed. In ad-
dition, analyses combining both BMI and WC showed similar
patterns (Table S7).

Discussion

We demonstrated a J-shaped association of BMI with CVDs,
MI and ischaemic stroke in aged 40 years, whereas there
was U-shaped association between BMI and study outcomes
with nadir at BMI 23.0–24.9 kg/m2 in aged 66 years. The in-
creased risks of study outcomes in those who had general
obesity were robust in individuals aged 40 years. WC was lin-
early associated with study outcomes in both age groups, but
the impact of WC and abdominal obesity on study outcomes
was more prominent in individuals aged 40 years than in
those aged 66 years.

In the present study, the J-shaped association between
BMI and CVDs in the younger age group changed into a gen-
tle U-shaped association as age increased. The nadir of BMI
for incident CVDs was 18.5–22.9 kg/m2 for those aged
40 years and 23.0–24.9 kg/m2 for those aged 66 years. In line
with our findings, previous studies reported similar modifying
effects of age on the association between BMI and
obesity-related metabolic conditions, including CVD,
dyslipidaemia and hypertension,18 as well as all-cause and
CVD mortality.7,9,19 There are several possible explanations
for this phenomenon. First, aging is associated with progres-
sive fat distribution.20 The subcutaneous fat is located away
from the truncal region and redistributed to the abdominal
areas, which poses a great risk for insulin resistance and
CVDs.20 The increase in the abdominal adipose tissue is not
entirely captured by BMI and may explain the weakened as-
sociation among older populations.18 Second, an additional
process associated with aging is age-related losses in height
that inflates the measured BMI. Third, it is also possible that
older participants, even at a normal BMI, have less lean mass
and more adiposity, which raises their CVD risk closer to
levels of obesity. Together, these factors may weaken the as-
sociation between BMI and CVDs among older populations,
and our findings further support the idea that a high optimal
BMI for older adults should be considered regarding the risk
of CVD development.21

In addition, our study demonstrated that abdominal obe-
sity without general obesity had a higher association with
CVDs than general obesity without abdominal obesity. This
finding supports the idea that the measurement of BMI alone
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may be a suboptimal marker for adiposity.22 In the younger
age group, abdominal obesity presented higher impact on
ischaemic stroke than MI, regardless of sex. Abdominal obe-
sity may play a different role in ischaemic stroke compared
with MI, even though both are considered as CVDs. In line
with our study, previous study reported that the nadir for
BMI varied depending on the mortality outcome.23

We showed that the increase in CVD risk, representing MI
and ischaemic stroke, associated with a higher BMI and WC,
tended to be greater among younger participants. Although
the mechanisms responsible for the influence of age on the
relationship between obesity and CVD are unclear, possible
mechanisms have been suggested. First, young-onset obesity
has been reported to have more genetic predisposition to
metabolic disorders24,25 and resulted in chronically increased
levels of circulating free fatty acid, adipokines and reactive
oxygen species.25 Combined with local and systemic inflam-
mation, this leads the process of atherosclerosis by influenc-
ing the function of the endothelial cells, arterial smooth mus-
cle cells and macrophages in vessel walls.26 Second, patients
with young-onset obesity might have an early life exposure to
maternal undernutrition or overnutrition, which is associated
with an increased risk of type 2 diabetes.27 Third, patients
with young-onset obesity tend to have a detrimental or inac-
tive lifestyle, which might also contribute to the development
of adiposity, insulin resistance, hyperglycaemia and other car-
diovascular risk factors.28 These multiple mechanisms con-
verge to cause CVD.

Being underweight below BMI 18.5 kg/m2 was associated
with an increased risk of MI and ischaemic stroke in both
age groups. In line with our study, previous studies indicated
that underweight and lower lean body mass increased the
risk of CVD and mortality.29 Sarcopenia can be a possible ex-
planation, because loss of muscle mass is known to be asso-
ciated with a hyperinflammatory status,30 insulin resistance
and multiple metabolic disorders,31 which could lead to MI
and ischaemic stroke. Greater muscle mass is associated with
better exercise capacity and cardiorespiratory fitness and
could in turn lead to decreased CVD risk.32,33 Another expla-
nation can be that being underweight can be a surrogate
marker for patients’ frail conditions including malnutrition
and combined non-cardiovascular comorbidities, and frailty
itself can also increase the risk of CVD.34,35

General and abdominal obesity were associated with an in-
creased risk of CVD even after various stratifications. Interest-
ingly, these associations were more prominent in women,
non-smokers and patients without type 2 diabetes and hyper-
tension, who were considered to have a low risk of CVD. Obe-
sity presents a significant CVD risk in healthy individuals;
however, these effects may differ as they age and have
chronic conditions. This is the phenomenon called obesity
paradox. These findings suggest that even in populations with
low CVD risk, attention must be paid to the prevention and
management of obesity.

Current guidelines on the primary prevention of CVD rec-
ommend that adults who are overweight and obese reduce
weight and improve their CVD risk factor profile.36,37 They
provide clinically meaningful weight loss as ≥5% of the initial
weight, which was shown to be associated with moderate im-
provement in CVD risk factors, and mention that it was rea-
sonable to measure WC to identify those at high cardiometa-
bolic risk factors. In addition, our study highlights that,
depending on age, individualized approaches are needed in
obesity management to prevent CVD. Weight loss interven-
tions should be cautiously implemented, especially in older
adults, considering the loss of lean body or muscle mass.

This study had several limitations. First, although WC is a
convenient and common method to assess abdominal obe-
sity, WC measurement could have bias and the accuracy
could depend on the measurer’s experience, which is rela-
tively subjective compared with BMI. Second, although we
used the operational definition of study outcomes, which
has been widely used for epidemiological studies with claims
data,10,38 this may have led to misdiagnosis. Third, due to the
retrospective design of this study, the findings should be
interpreted with caution. To overcome reverse causality, we
excluded participants with outcomes that occurred in the first
1 year of follow-up. Lastly, our study included only Korean
participants and may not be generalizable to other ethnici-
ties, who could have different associations between obesity
and CVD risk.

Despite these limitations, our study used a significantly
large sample to assess the association between obesity mea-
sures and CVD. To the best of our knowledge, this is the first
study to compare the association between two transitional
homogenous age groups, 40 and 66 years. Another strength
of the present study is that the NHIS database includes data
from the entire Korean population, which results in a
near-complete follow-up.

In conclusion, we demonstrated a J-shaped association of
BMI with CVDs, MI and ischaemic stroke in young adults,
whereas there was U-shaped association between BMI and
study outcomes with nadir at BMI 23.0–24.9 kg/m2 in those
aged 66 years. WC was linearly associated with study out-
comes in both age groups. The impact of general and abdom-
inal obesity on study outcomes was more prominent in those
aged 40 years than those aged 66 years. To prevent CVD risk,
weight loss interventions should be cautiously implemented
and individualized according to age.
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