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Background—Body mass index and waist circumference (WC) are commonly used metrics that reflect general obesity and
abdominal obesity. However, the impact of general and abdominal obesity discrepancies on the risk for major adverse cardiac
events (MACE) is less explored.

Methods and Results—The study population was derived from the Korean National Health Insurance Service-Health Screening
Cohort. Among 315 982 participants aged 40 years or older who underwent health examinations between 2008 and 2009, body
mass index and WC were used to determine the obesity status. The participants were followed from January 1, 2010 for MACE until
December 31, 2015. Cox proportional hazards models were used to evaluate the association of obesity and the risk of MACE.
Compared with men who were not obese, those with abdominal obesity without general obesity (adjusted hazard ratio (aHR) 1.29,
95% CI 1.16—1.43), and general and abdominal obesity (aHR 1.20, 95% ClI 1.12—1.29) had elevated risk of MACE, while those with
general obesity without abdominal obesity (aHR 1.06, 95% CI 0.98—1.16) did not. Similarly, women with abdominal obesity without
general obesity (aHR 1.13, 95% Cl 1.03—1.24) and those with general and abdominal obesity (aHR 1.15, 95% CI 1.06—1.25) had
increased risk of MACE, while those with general obesity without abdominal obesity (aHR 1.07, 95% CI 0.88—1.30) did not.

Conclusions—Abdominal obesity without general obesity was associated with an elevated risk of major cardiovascular outcomes
while general obesity without abdominal obesity did not. Concurrent determination of body mass index and WC may be beneficial
for the accurate determination of future cardiovascular risk. (/ Am Heart Assoc. 2019;8:e013471. DOI: 10.1161/JAHA.119.

013471.)
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C ardiovascular disease (CVD) is recognized as the leading
cause of death worldwide, with 32% of all deaths or a
total of 17 million deaths attributable to CVD in 2013."?
Various previous studies that attempted to identify and
control the risk factors associated with CVD have revealed
that obesity is one of the risk factors for CVD.*>"® Obesity also
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has been recognized as an increasing public problem in
developed countries because of the continuously increasing
epidemic proportion of obesity,®” and numerous studies have
reported the association of obesity with multiple chronic
diseases such as coronary heart disease, including type 2
diabetes mellitus, hypertension, and stroke.®~'°

While body mass index (BMI) is one of the most commonly
used methods of measuring obesity, it has been criticized as
being a measure of general obesity and may not accurately depict
the degree of regional adiposity. Abdominal visceral adiposity has
been previously suggested to be a more important measure of
obesity.' " "® Waist circumference (WC), which is a more direct
measure of abdominal obesity, has been previously shown to
predict obesity-related outcomes including various CVDs.'® "®
Although multiple studies have determined the separate effects
of general obesity measured by BMI and abdominal obesity
measured by WC on CVD,*'®'® whether the discrepancy
between general and abdominal obesity alters the risk of major
CVD is less explored, especially among the Asian population.
Since Asians tend to have different body composition and lower
cutoff points for WC compared with other ethnicities,'*?° the
effect of general obesity and abdominal obesity on the major
adverse cardiovascular events (MACE) might also differ.
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Clinical Perspective

What Is New?

» This study investigated the risk of major adverse cardio-
vascular events according to the general and abdominal
obesity status for Korean adults aged 40 years or older.

Participants with abdominal obesity (measured by waist
circumference) without general obesity (measured by body
mass index) and abdominal obesity with general obesity had
increased risk of major adverse cardiovascular events
compared with nonobese participants, while participants
with general obesity without abdominal obesity did not.

What Are the Clinical Implications?

» These results suggest that concurrent determination of
body mass index and waist circumference would be
beneficial to assess future cardiovascular risk.

Therefore, in this population-based longitudinal study using
the Korean National Health Insurance Service (NHIS)
database, we investigated the impact of general and abdom-
inal obesity discrepancies on the risk for MACE.

Methods

The data will not be made available to other researchers for
purposes of reproducing the results or replicating the
procedure.

Study Population

The study population was derived from the National Health
Insurance Service—Health Screening Cohort (NHIS-HEALS).
Nearly all Korean citizens are ensured under the NHIS, which
provides universal health insurance covering most forms of
health services.?' Moreover, all citizens aged 40 years or
older are required to undergo a health screening examination
every 2 years. Within the health screening examination,
participants are evaluated for health behaviors via a self-
reported questionnaire as well as health status via anthropo-
metric measurements such as weight and WC as well as blood
tests.?? Using the health insurance claims information, the
NHIS provides a part of the data for research purposes called
the NHIS-HEALS. The NHIS-HEALS database contains infor-
mation on sociodemographic factors, all forms of hospital use
including inpatient and outpatient visits, pharmaceutical drug
prescriptions, and results from health screening examina-
tions.?? The NHIS database has previously been used in
multiple epidemiological studies and its validity is described in
detail elsewhere.””?*

Among 361 043 participants who underwent health
examinations in 2008 and 2009, we excluded 660 partici-
pants with missing values for BMI or WC. Then, 16 164
participants with missing values for covariates were further
excluded. Finally, 1056 and 27 181 participants who died or
had MACE before the index date of January 1, 2010 were
excluded, respectively. The final study population consisted of
315 982 participants with information on BMI and WC during
2008 and 2009. All participants were followed up starting
from January 1, 2010 until diagnosis of MACE, death, or
December 31, 2015, whichever came first.

Key Variables

All participants who underwent health screening examinations
were evaluated for obesity by weight, height, and WC
measurements. WC was measured by trained professionals
using a standardized protocol and all participants underwent
WC measurement using the same protocol. BMI was calcu-
lated by dividing the weight in kilograms by height in meters
squared. General obesity was defined as BMI of 25.0 kg/m?
or more according to the World Health Organization Western
Pacific Region guidelines.?* Abdominal obesity was defined as
WC of 90 cm or more for men and 80 cm or more for women
according to the International Diabetes Federation for Asian
populations.?® All participants were then divided into normal
(not generally nor abdominally obese), general obesity without
abdominal obesity, abdominal obesity without general obesity,
and general and abdominal obesity.

The primary outcome was MACE, which was defined as
myocardial infarct (MI), stroke, and related deaths.?® Physi-
cians are required to fill in the main diagnosis for all patients
upon admission and upon death, and the attending physician
is required to diagnose the main cause of death. Using the
diagnosis and death codes, we defined MI and stroke events
as being hospitalized for 2 or more days or death under the
International Classification of Diseases, Tenth Revision (ICD-
10) codes pertaining to each disease outcome.”” /CD-10
codes for MI (121) and stroke (160—164) are in line with those
used by the American Heart Association.?® Furthermore,
cardiovascular death was defined as having CVD (/CD-10
codes 120-125 or 160-169) as the main cause of death.

Statistical Analysis

Participants were evaluated for adjusted hazard ratios (aHRs)
and 95% Cls for MACE, MI, and stroke risk according to
obesity status using multivariate Cox proportional hazards
regression. The considered covariates included age (contin-
uous, years), household income (categorical, first, second,
third, and fourth quartiles), smoking (categorical, never, past,
and current smokers), physical activity (categorical, 0, 1-2, 3—
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4, 5-6, and 7 times per week), alcohol consumption
(categorical, 0, 0—1, 1-2, 3-4, and 5 or more times per
week), and Charlson comorbidity index (continuous). Physical
activity was assessed by a self-reported questionnaire during
the health examination. Household income was derived from
the insurance premium and the algorithm for calculating
Charlson comorbidity index was adapted from a previous
study.?’

The distribution of covariates in each obesity group was
calculated. Chi-squared test for categorical variables and
analysis of variance for continuous variables were used to
compare the differences in distribution of covariates among
obesity groups. Compared with normal participants, those with
general obesity without abdominal obesity, abdominal obesity
without general obesity, and general obesity and abdominal
obesity were assessed for MACE, MI, and stroke risk. In order
to determine the differences in risk among these groups
according to the discrepancies between general and abdominal
obesity, the risk for MACE, MI, and stroke were evaluated for
abdominal obesity without abdominal obesity participants
compared with general obesity without abdominal obesity
participants. Also, sensitivity analyses with an adjusted cutoff
value of WC were conducted. Abdominal obesity was defined as
WC of 85 c¢cm or more for men and 90 cm or more for women
according to the previous Japanese study.*° Finally, Kaplan—
Meier curves for the MACE according to the obesity status were
constructed. Statistical significance was defined as a 2-sided P
value of <0.05. All data collection and statistical analyses were
conducted using SAS 9.4 (SAS Institute Inc).

Ethical Considerations

This study was approved by the Seoul National University
Hospital Institutional Review Board (IRB number: 1703-039-
836). The requirement for informed consent was waived since
the NHIS database is anonymized according to strict confi-
dentiality guidelines before distribution.

Results

Table 1 depicts the descriptive characteristics of the study
population. The number of participants who were normal,
general obesity without abdominal obesity, abdominal obesity
without general obesity, and general and abdominal obesity
was 174 237, 35 081, 33 902, and 72 763 participants,
respectively. The mean (standard deviation) ages for normal,
general obesity without abdominal obesity, abdominal obesity
without general obesity, and general and abdominal obesity
participants were 57.2 (8.6), 55.5 (7.2), 61.4 (9.3), and 59.0
(8.6) years, respectively. Compared with participants who
were not obese, those who were generally and abdominally
obese tended to be older, female, smoke less, not consume

alcohol, and have more comorbidities. Compared with general
obesity without abdominal obesity participants, abdominal
obesity without general obesity participants tended to be
older, female, smoke less, have low physical activity, consume
less alcohol, and have more comorbidities.

The risks for MACE, MI, and stroke according to obesity
status are shown in Table 2. Among men, the aHR (95% ClI) for
MACE among general obesity without abdominal obesity,
abdominal obesity without general obesity, and general and
abdominal obesity participants were 1.06 (0.98-1.16), 1.29
(1.16—1.43), and 1.20 (1.12—1.29), respectively. Similarly, the
respective aHR (95% Cl) for MACE were 1.07 (0.88—1.30),
1.13 (1.03-1.24), and 1.15 (1.06—1.25) among generally
obese without being abdominally obese, abdominally obese
without being generally, and generally and abdominally obese
women compared with nonobese women.

Table 3 shows the risk for MACE, MI, and stroke for
abdominal obesity without general obesity participants com-
pared with general obesity without abdominal obesity partic-
ipants. Compared with general obesity without abdominal
obesity participants, abdominal obesity without general obesity
participants have a higher risk for MACE for men (aHR 1.25,
95% CI 1.10—1.43) but not for women (aHR 1.08, 95% Cl 0.88—
1.32).

The results of sensitivity analyses with adjusted WC cutoff
value are depicted in Tables S1and S2. Table S1 shows the risk
of MACE, MI, and stroke according to obesity status. Even with
this new definition of abdominal obesity, the participants with
abdominal obesity without general obesity and general and
abdominal obesity tended to have increased risk of MACE,
while participants with general obesity without abdominal
obesity did not. Table S2 depicts the risk for MACE, MI, and
stroke for abdominal obesity without general obesity partici-
pants compared with general obesity without abdominal
obesity participants. There was a tendency toward increased
risk of MACE among participants with abdominal obesity
without general obesity compared with those with general
obesity without abdominal obesity. The Kaplan—Meier curves
for MACE according to the obesity status are shown in
Figure S1. Participants with abdominal obesity without general
obesity and general and abdominal obesity had increased risk
of MACE compared with the nonobese group. Participants with
general obesity without abdominal obesity had decreased risk
of MACE compared with the nonobese group among men.

Discussion

In this nationwide population-based study of more than
300 000 Korean men and women, we have shown that being
abdominally obese without being general obese was associ-
ated with higher risk of MACE, while general obesity without
abdominal obesity was not associated with MACE. While
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Table 1. Descriptive Characteristics of the Study Population

WC <90 (Men) or 80 (Women) cm WC >90 (Men) or 80 (Women) cm
BMI <25.0 kg/m? BMI >25.0 kg/m? BMI <25.0 kg/m? BMI >25.0 kg/m?
General Obesity Without Abdominal Obesity Without General and
Normal Abdominal Obesity General Obesity Abdominal Obesity P Value
Number of people 174 237 35 081 33 902 72 763
Age, y, mean (SD) 57.2 (8.6) 55.5 (7.2) 61.4 (9.3) 59.0 (8.6) <0.001
Sex, N (%)
Men 101 683 (58.4) 27 693 (78.9) 8147 (24.0) 32 987 (45.3) <0.001
Women 72 554 (41.6) 7388 (21.1) 25 755 (76.0) 39 776 (54.7)
Household income, N (%)
First quartile (highest) 64 338 (36.9) 14 419 (41.1) 11 099 (32.7) 24 513 (33.7) <0.001
Second quartile 50 291 (28.9) 10 371 (29.6) 10 138 (29.9) 22 360 (30.7)
Third quartile 36 930 (21.2) 6474 (18.5) 7326 (21.6) 15 434 (21.2)
Fourth quartile (lowest) 22 678 (13.0) 3817 (10.9) 5339 (15.8) 10 456 (14.4)
Smoking, N (%)
Never smoker 112 463 (64.6) 18 953 (54.0) 28 569 (84.3) 52 825 (72.6) <0.001
Past smoker 26 498 (15.2) 8378 (23.9) 2326 (6.9) 9899 (13.6)
Current smoker 35 276 (20.3) 7750 (22.1) 3007 (8.9) 10 039 (13.8)
Physical activity, times per wk, N (%)
0 89 059 (51.1) 15 528 (44.3) 20 101 (59.3) 39 851 (54.8) <0.001
1-2 43 515 (25.0) 10 084 (28.7) 6635 (19.6) 16 614 (22.8)
3-4 24 301 (14.0) 5744 (16.4) 3842 (11.3) 9094 (12.5)
56 9304 (5.3) 2086 (6.0) 1479 (4.4) 3527 (4.9)
7 8058 (4.6) 1639 (4.7) 1845 (5.4) 3677 (5.1)
Alcohol consumption, times per wk, N (%)
0 99 695 (57.2) 15 742 (44.9) 25 408 (75.0) 45 772 (62.9) <0.001
0-1 28 676 (16.5) 7112 (20.3) 3604 (10.6) 10 000 (13.7)
1-2 22 958 (13.2) 6505 (18.5) 2329 (6.9) 8586 (11.8)
34 14 575 (8.4) 4110 (11.7) 1528 (4.5) 5656 (21.9)
5 or more 8333 (4.8) 1612 (4.6) 1033 (3.1) 2749 (3.8)
Charlson comorbidity index, N (%)
<1 102 847 (59.0) 21 574 (61.5) 15 576 (45.9) 35 581 (48.9) <0.001
2-3 55 336 (31.8) 10 714 (30.5) 13 330 (39.3) 27 233 (37.4)
>4 16 054 (9.2) 2793 (8.0) 4996 (14.7) 9949 (13.7)

P value calculated by x” test for categorical variables and analysis of variance for continuous variables. BMI indicates body mass index; N, number of people; WC, waist circumference.

some previous studies have noted both BMI and WC as
important risk factors for CVD,'"®" this is the first study to
determine the risk of MACE among people with discrepancies
between general and abdominal obesity among the Asian
population.

While BMI and WC, the most commonly used surrogate
markers of general and abdominal obesity, respectively, have
been depicted as the major risk factors for CVD, the risks for
those with high BMI only or high WC only are relatively

unexplored. Our results demonstrate that being abdominally
obese but not generally obese has a higher association with
major cardiovascular outcomes, compared with being gener-
ally obese but not abdominally obese. This may be because of
the fact that being abdominally obese without generally obese
is associated with higher fat mass more so than being
generally obese without abdominally obese, which isa group
with leaner body composition with high muscle mass and
lower fat mass. Previous studies have noted that high muscle
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Table 2. Hazard Ratios for Major Adverse Cardiovascular Events, Myocardial Infarction, and Stroke According to General and

Abdominal Obesity

WC <90 (Men) or 80 (Women) cm

WC >90 (Men) or 80 (Women) cm

BMI <25.0 kg/m?

BMI >25.0 kg/m?

BMI <25.0 kg/m?

BMI >25.0 kg/m?

General Obesity Without

Abdominal Obesity Without

General and Abdominal

Normal Abdominal Obesity General Obesity Obesity
Men
Major adverse cardiovascular events
Events 2973 667 385 1097
Person-y 588 027 162 366 46 129 191 654

aHR (95% Cl)

1.00 (reference)

1.06 (0.98-1.16)

1.29 (1.16-1.43)

1.20 (1.12-1.29)

Myocardial infarction

Events

842

210

101

348

Person-y

588 027

162 366

46 129

191 654

aHR (95% Cl)

1.00 (reference)

1.11 (0.96-1.30)

1.29 (1.05-1.58)

1.35 (1.19-1.53)

Stroke

Events 2323 495 306 816

Person-y 588 027 162 366 46 129 191 654

aHR (95% Cl) 1.00 (reference) 1.05 (0.95-1.16) 1.27 (1.12-1.43) 1.15 (1.06-1.25)
Women

Major adverse cardiovascular events

Events

1157

112

753

1043

Person-y

428 344

43 710

150 211

233 307

aHR (95% Cl)

1.00 (reference)

1.07 (0.88-1.30)

1.13 (1.03-1.24)

1.15 (1.06-1.25)

Myocardial infarction

Events

182

14

121

192

Person-y

428 344

43 710

150 211

233 307

aHR (95% Cl)

1.00 (reference)

0.92 (0.54-1.59)

1.04 (0.83-1.31)

1.28 (1.05-1.57)

Stroke

Events

1038

104

671

907

Person-y

428 344

43 710

150 211

233 307

aHR (95% Cl)

1.00 (reference)

1.11 (0.90-1.35)

1.13 (1.02-1.24)

112 (1.02-1.22)

Hazard ratio calculated by Cox proportional hazards regression analysis after adjustments for age, household income, smoking, physical activity, alcohol consumption, and Charlson
comorbidity index. aHR indicates adjusted hazard ratio; BMI, body mass index; WC, waist circumference.

mass and low fat mass was associated with significantly lower
insulin resistance and metabolic syndrome, which is directly
related to cardiovascular outcomes.®? Conversely, partici-
pants with normal BMI and high WC are thought to have
higher visceral fat composition compared with subcutaneous
fat,>>"3° and multiple previous studies noted that visceral fat
accumulation is associated with cardiovascular outcomes,3®~
38 while subcutaneous fat accumulation is not.?* '
Numerous previous studies have consistently described
that obesity and metabolic syndrome are major risk factors of
CVDs.'"1%31:42744 However, there has been a suggestion that
BMI does not accurately reflect body fat distribution, and

surrogate markers of regional obesity such as WC, waist—hip
ratio, or skinfold thickness might be more important predictors
of either coronary heart disease or stroke.''™'**3%* Winter
and colleagues®® reported that markers of abdominal adipos-
ity, including WC and related ratios, better predict stroke and
cerebrovascular events than BMI on their case—control study.
Similarly, Lakka and colleagues'® noted abdominal obesity as
an independent risk factor for coronary heart disease in
middle-aged men and even more important than overall
obesity, based on BMI. Other studies have suggested both
BMI and WC as independent risk factors of CVD.*'”"'® Taylor
and colleagues'® analyzed more than 7000 adults from 4
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Table 3. Hazard Ratios for Major Adverse Cardiovascular
Events, Myocardial Infarction, and Stroke Among Generally or
Abdominally Obese Participants

General Obesity Without | Abdominal Obesity Without

Abdominal Obesity

General Obesity

Men
Major adverse cardiovascular events
Events 667 385
Person-y 162 366 46 129

aHR (95% Cl)

1.00 (reference)

1.25 (1.10-1.43)

Myocardial infarction

Events

210

101

Person-y

162 366

46 129

aHR (95% Cl)

1.00 (reference)

1.19 (0.92-1.53)

Stroke

Events 495 306

Person-y 162 366 46 129

aHR (95% CI) | 1.00 (reference) 1.24 (1.07-1.45)
Women

Major adverse cardiovascular events

Events

112

753

Person-y

43 710

150 211

aHR (95% Cl)

1.00 (reference)

1.08 (0.88-1.32)

Myocardial infarction

Events

14

121

Person-y

43 710

150 211

aHR (95% Cl)

1.00 (reference)

1.14 (0.65-2.01)

Stroke

Events

104

671

Person-y

43 710

150 211

aHR (95% Cl)

1.00 (reference)

1.04 (0.84-1.28)

Hazard ratio calculated by Cox proportional hazards regression analysis after
adjustments for age, household income, smoking, physical activity, alcohol consumption,
and Charlson comorbidity index. aHR indicates adjusted hazard ratio.

different cohorts and reported that the association of CVD and
BMI was similar to those with measurements of central
adiposity, including WC. Most recently, a study of collaborative
analysis on 58 prospective studies* also evaluated the
combined effects of BMI and WC on CVD among 221 934
people. The study reported the HR for CVD to be 1.29 per
4.56 kg/m? higher BMI and 1.32 per 12.6 cm higher WC. The
authors noted that BMI, WC, and waist—hip ratio each have a
similar strength of association with cvD.*

The major mechanisms linking obesity with CVD are
relatively well elaborated in multiple previous studies. Obesity
is known to increase the risk of multiple classic cardiovas-
cular risk factors, such as dyslipidemia, glucose

intolerance,*>™’ and hypertension.*®*’ Higher sympathetic

nervous system activity and angiotensin-aldosterone activity
in obesity are suggested to cause increasing circulating blood
volume and peripheral resistance, thus leading to higher blood
pressure.*®°° Adipose tissue also releases several cytokines
and bioactive mediators, such as leptin, adiponectin, inter-
leukin-6, and tumor necrosis factor-o,, which influences insulin
resistance and thus causes hypercholesterolemia and glucose
intolerance.*>*® In addition to total body fat, abdominal
visceral adiposity is associated with impaired suppression of
adipocyte lipolysis and elevated nonesterified fatty acid levels,
potentially leading to vascular endothelial dysfunction.*’
Visceral adiposity is also associated with elevating C-reactive
protein levels and increased macrophage-related atherogenic
cytokines,®' causing low-grade systemic inflammation, which
contributes to CVD.*” The attenuated risk of general obesity
without abdominal obesity participants for MACE in this study
is possibly because of the combined effect of low fat mass
and high muscle mass.3%4%4¢

One notable finding in the survival curves was that men with
general obesity without abdominal obesity appeared to have
improved survival for MACE compared with nonobese men, which
is in contrast to the result from Table 2. This discrepancy might be
because of possible confounders that were not considered in the
Kaplan—Meier curves. The descriptive characteristics of Table 1
support this explanation since the nonobese participants tended
to be older and have more comorbidities than participants of
general obesity without abdominal obesity.

There are several limitations to be considered in this study.
First, BMI and WC were not followed up after the index date and
the effect of possible weight changes afterward was not
accounted for. Second, the exact measures of body composition
were not available. The attenuated risk of MACE among the
general obesity without abdominal obesity group in this study is
assumed to be because of the effect of high muscle, and low fat
mass, particularly visceral fat. Additionally, adjustment of other
measures on defining abdominal obesity, such as waist-to-
height ratio, could be beneficial, which was not available in this
study because of lack of data on height. Therefore, future studies
using other measures of abdominal obesity such as waist-to-
height ratio with reliable measurement of body composition of
muscle, total fat, and visceral fat mass are needed to validate our
findings. Third, the study population was restricted to men and
women older than 40 years of age. Also, although we attempted
to account for physical activity according to the self-reported
questionnaire, this measure may be insufficient to determine the
physical activity accurately. Therefore, future studies with a
younger study population and using a more detailed measure of
physical activity are also merited.

Finally, the increased risk for MACE in abdominal obesity
was weaker among women compared with men. The statistical
difference between abdominal obesity without general obesity
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compared with general obesity was also not significant among
women. One possible explanation for the result is because of
the relatively low specificity of classical WC cutoff (80 cm)
among women. The previous study among Korean men and
women has suggested the obesity-related disorder was signif-
icant for women who had WC higher than 86.1 c¢m,*? and the
other Japanese study suggested WC cutoff of 85 c¢m in men and
90 cm in women as a measure of central obesity reflecting the
visceral fat area.®® The descriptive characteristics the of study
population according to sex in Table 1 also support this
suggestion, since more men tended to be generally obese
without being abdominally obese, while more women tended to
be abdominally obese according to classical BMI and WC cutoff.
We attempted to account for the body composition discrepancy
among men and women, and the result from supplemental
analysis (Table S2) revealed women with abdominal obesity only
without general obesity had a tendency toward increased risk of
MACE (aHR 1.25, 95% CI 0.98-1.58), compared with those with
general obesity without abdominal obesity. Although it seems
that the WC cutoff value, which better reflects visceral fat, gives
more consistent results among men and women, visceral
obesity does not explain the entire discrepancy among men and
women. Possible mechanisms other than visceral obesity might
exist regarding this difference, such as the biological and
hormonal difference between sexes, which could be associated
with adipocyte metabolism and cardiovascular outcome.’*
Therefore, future studies among the female population regard-
ing WC-related health outcomes as well as studies on
mechanisms regarding discrepancy among sex are needed to
validate and confirm our findings.

Despite these limitations, our study has a number of
strengths. The effect of general obesity and abdominal obesity
on CVD has been less explored in Asian ethnicities. A large
study population with adjustment of a wide range of
covariates also enhances the generalizability and reliability
of the results. Finally, to our knowledge, this is the first study
to compare the risk of MACE among people with the
discrepancies between general and abdominal obesity.

In conclusion, abdominal obesity without being generally
obese, as well as general and abdominal obesity were
associated with increased risk of MACE, while general obesity
without abdominal obesity was not. Our results suggest that
the concurrent determination of BMI and WC may be
beneficial in more accurately determining the body composi-
tion in terms of muscle and fat mass. Consideration of both
general and abdominal obesity may be associated with a more
accurate determination of future cardiovascular risk.
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Table S1. Sensitivity analysis on the association of obesity with major adverse cardiovascular events with abdominal obesity defined as 85 or 90 cm

or more for men and women, respectively.

WC<85 (men) or 90 (women) cm

WC=285 (men) or 90 (women) cm

BMI<25.0 kg/m?

BMI225.0 kg/m?

BMI<25.0 kg/m?

BMI225.0 kg/m?

General obesity

Abdominal obesity

General and

Normal without abdominal without general . .
. . abdominal obesity
obesity obesity
Major adverse cardiovascular events
Events 2,127 201 1,231 1,563
Person-years 444,796 50,267 189,360 303,753
aHR (95% CI) 1.00 (reference) 1.14 (0.98-1.32) 1.22 (1.14-1.31) 1.21 (1.13-1.29)
Myocardial infarction
Men Events 583 61 360 497
Person-years 444,796 50,267 189,360 303,753
aHR (95% ClI) 1.00 (reference) 1.18 (0.90-1.53) 1.36 (1.19-1.55) 1.38 (1.22-1.56)
Stroke
Events 1,681 148 948 1,163
Person-years 444,796 50,267 189,360 303,753
aHR (95% CI) 1.00 (reference) 1.10 (0.93-1.31) 1.17 (1.08-1.27) 1.15 (1.07-1.24)
Major adverse cardiovascular events
Events 1,831 704 79 451
Person-years 569,666 200,508 8,888 76,509
aHR (95% CI) 1.00 (reference) 1.04 (0.96-1.14) 1.21 (0.97-1.52) 1.20 (1.08-1.33)
Myocardial infarction
Women Events 290 121 13 85
Person-years 569,666 200,508 8,888 76,509
aHR (95% CI) 1.00 (reference) 1.16 (0.94-1.44) 1.06 (0.61-1.85) 1.34 (1.05-1.71)
Stroke
Events 1,640 620 69 391
Person-years 569,666 200,508 8,888 76,509

aHR (95% Cl)

1.00 (reference)

1.02 (0.93-1.12)

1.19 (0.94-1.52)

1.16 (1.04-1.30)

Hazard ratio calculated by Cox proportional hazards regression analysis after adjustments for age, household income, smoking, physical activity, alcohol

consumption, and Charlson comorbidity index.

WC, waist circumference; BMI, body mass index; aHR, adjusted hazard ratio; Cl, confidence interval.



Table S2. Sensitivity analysis on the association of general or abdominal obesity only with major adverse cardiovascular events with abdominal
obesity defined as 85 or 90 cm or more for men and women, respectively.

General obesity without
abdominal obesity

Abdominal obesity
without general obesity

Major adverse cardiovascular events
Events
Person-years
aHR (95% CI)

201
50,267
1.00 (reference)

1,231
189,360
1.07 (0.92-1.24)

Myocardial infarction

Men Events 61 360
Person-years 50,267 189,360
aHR (95% ClI) 1.00 (reference) 1.15 (0.87-1.52)

Stroke
Events 148 948
Person-years 50,267 189,360
aHR (95% CI) 1.00 (reference) 1.05 (0.88-1.25)

Major adverse cardiovascular events
Events 704 79
Person-years 200,508 8,888
aHR (95% CI) 1.00 (reference) 1.24 (0.98-1.58)

Myocardial infarction

Women Events 121 13

Person-years 200,508 8,888

aHR (95% ClI)

1.00 (reference)

0.94 (0.52-1.69)

Stroke
Events 620 69
Person-years 200,508 8,888

aHR (95% Cl)

1.00 (reference)

1.25 (0.97-1.62)

Hazard ratio calculated by Cox proportional hazards regression analysis after adjustments for age, household income, smoking, physical activity, alcohol

consumption, and Charlson comorbidity index.
WC, waist circumference; BMI, body mass index; aHR, adjusted hazard ratio; Cl, confidence interval.



Figure S1. The Kaplan-Meier curves for MACE according to the obesity status.
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. The Kaplan-Meier curves for MACE according to the obesity status among men
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d. The Kaplan-Meier curves for AMI according to the obesity status among women
e. The Kaplan-Meier curves for stroke according to the obesity status among men

f. The Kaplan-Meier curves for stroke according to the obesity status among women

MACE, major adverse cardiovascular events; AMI, acute myocardial infarction
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