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Associations of Abdominal Fat Distribution with Carotid
Atherosclerosis
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Background: Adipose tissue, carotid intima-media thickness (CIMT), and carotid Received February 26, 2026
plaque (CP) are predictors of cardiovascular disease. However, previous studies ex— Revised April 14, 2026
amining the associations of visceral fat area (VFA) or subcutaneous fat area (SFA) Accepted June 2, 2026
with CIMT or CP have reported inconsistent results. We investigated the associa—
tions of computed tomography—-derived adipose tissue distribution (VFA, SFA, and
the VFA/SFA ratio), as well as body mass index (BMI) and waist circumference (WC),
with carotid atherosclerosis, increased CIMT (=1.0 mm), and CP.

Methods: A total of 1,502 men and 1,290 women who underwent comprehensive
health examinations between 2020 and 2024 were included. Sex—specific associa—
tions of VFA, SFA, the VFA/SFA ratio, BMI, and WC with carotid atherosclerosis—
related outcomes were evaluated using multivariable logistic regression models ad-
justed for age, lifestyle factors, serum uric acid levels, metabolic comorbidities, and
menopausal status (in women). Additionally, age-stratified subgroup analyses were
performed by categorizing participants into <60 and =60 years.

Results: The mean age of participants was 60 years. Carotid atherosclerosis was
present in 68.04% of men and 55.04% of women. Among men, each 0.1-unit in-
crease in the VFA/SFA ratio was positively associated with carotid atherosclerosis
(odds ratio [OR] 1.037; 95% confidence interval [Cl], 1.001 to 1.075) and CP (OR
1.037; 95% Cl, 1.001 to 1.075). In women, WC was positively associated with in-
creased CIMT (OR 1.041; 95% ClI, 1.004 to 1.078), mainly among those aged >60 Corresponding author

years. Jae Moon Yun

Conclusion: Our findings suggest sex— and age-specific associations between adi- Department of Family Medicine, Seoul
posity measures and carotid atherosclerosis—related outcomes, providing insights into National University Hospital, Seoul
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the relationship between fat distribution and vascular health. 103 Daehakro, Ye};ngun-g(’iong, Jongno-
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Participants of regular health checkups
between 2020-2024 (n = 3,618)

A 4

Missing SFA or VFA (n = 22)

Missing lifestyle variables (n = 399)
Missing blood pressure data (n = 26)
Missing waist circumference data (n = 33)
Missing laboratory test results (n = 76)

History of angina, myocardial infarction,
or stroke (n = 270)

A

Participants included in the analysis (n = 2,792)

A 4 A 4

Men (n = 1,502) Women (n = 1,290)
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13 1. Flowchart of participant selection.
Abbreviations: SFA, subcutaneous fat
area; VFA, visceral fat area.

DIEGHN| RE AL BE2S AMBSOR BRUCL 01 22K
A2 W2 0129 B T 21, XIR0| TS 712 M2 FAS
AL A1 ASS 2R1E 215 21200| 7, MF, sl2iS2S BE
ShEl WHO2 2, Inbody 7702 S5 HAE 242 B0
NISISICL. HRHS &4 52 Oy OFYS 3t 3, 02 KRMIOIA Xt
S HOS 0ISo10] MRAIN SYIUCH +57| AT} 0[247| Y
2 HA 12 21702 £ XY SYYOH, BA0I= T ZFL0| W
242 MBBIICH B HAKS EA BAIZE 0[N0 51U B Aefof
M H HHS Sof NISIE 5 Y202 SBYAHS (0t

cholesterol, TC), &4 X2 (triglyceride, TG), TYEX|THH Z|A
HIZ(high—-density lipoprotein cholesterol, HDL-C), MZ=X|&
B ZHAHZ(low-density lipoprotein cholesterol, LDL-C), &
23 H(fasting blood sugar, FBS), YstaMA(hemoglobin Alc,
HbA1c), 24K uric acid), 12|10 C-BHESHE(C-reactive protein,

CRP)Z EL&5IRICE. CRPE 0.5 mg/dLE =15t 22 4&8E 22

= ot TEYU2 A7 ZAE Safl 2feldE 0| AN, H
Al 28] 27t EYo| BN +=7] Y 2140 mmHg E= 0

O

27] &R0] 290 mmHg2 HOI3HCE™ O|AXIEESS HE0| U
L}, HOHZAALOIM TC >240 mg/dL E= LDL >160 mg/dL E=
HDL-C <40 mg/dL &= TG 2200 mg/dL9! A2 MolgHrt®
FeEHE HHO| UAL SAI0 AR>S UHAOA FBS =126
ma/dLOIBM HbATc >6.5%91 ZR2 Ho|FiLCt ™

Archives of Obesity and Metabolism 3



Archives of Obesity and Metabolism Vol. 5, No. 1, June 2026

o

r
IH

111

A

I

=
=

X HIZ0]

PRI B, T2
[¢]

o

T WEXY o I

o

at
A Fofer At

JatA|
=

=]}

=22

1269H(8.39%), 0444 51H(3.95%)0flA 2t

CHIZXEZE WEAY B, O]

q4
(o] 3

FAS
o
tAl

L

S B7HE S2)0f| o2t Lt
A 1,013H(67.44%), 01 702H(54.42%)01| A, A=W Lj=0t =

oF
=1

H

tXI

FRALE. LHEA

9]

o

[

(<}

imi

I

FCt. Crude model (HI2X 2&)

b

E|

=
=]
=

=l

=WNES
PRI Y, LA o I

9|

PS
o

[

=
S

of Ct
B, I

9

ol2|=el|E Zetott] b

O

t

S
X6

X
o

o, Z+zHofl o
2= U
JI2 &2
SIX| roton, Adjusted model (£

2 ¢

4

PS
=

.

Y HlIE1} o MEEX|,

O
X

Lt 5g0A WEXY tf O

1)

I
S
ok

o

SRUES

ol

AR

S
udl

JHl, 25=

o
=
e

b0 ofet =y O

22} 0.981 (0.963—1.000),
Hs)
0] oot 0f ZAM &9

1.037 (1.001—1.075), 1.037
7t7

—

Q2| 242} 0.992 (0.974—1.010),

0.990 (0.973, 1.008)2Z LIEtLL Rt

[

20|

I_|- EEI

XS

AHgs BN, LEH]|
o

ot0f &

o

oo
(1.001—1.075)0IACt. LHZA|

o

0.979 (0.961—0.998)%ILt. 12{Lt CHAL
Xl

g2 B4, 2 ZR0MQ 2EH|=

1.001)2Z 1|

[
o

=

=

t’j
o

=

F

S
i

(o]
=

ts

S
i

A2l
IACH* EH 24

o

g2
4}
19E SANCZ {9

7
o

A

[

to4 Bt
[e]

o

2
S

STATA version 18.0 (StataCorp, College Station, TX, USA)

=

0f, 60AM| D2} Olgez #5 LHFQH,

operating characteristic, ROC)
A28I0] 2=3H5IHOM, P-value <0.05

under the ROC curve, AUC)

o

1. BRI S

HACHE S4).

o

[l

H, B RS 2

0.985 (0.971—0.999)2f 0.983 (0.969—0.997)0|ALt.

{el=2l7t

[}

HA =

o

of2|=2fof o

O

of2|=dl|2t F3Y WHSUFH S/7F 28 20N 2

O

k

[

[

I

CHE 3, 18 3). "H&oilM=

o]
PN

t

HIZZR|2t

3. MEHK|, sl2l=H%t 3

=H|
001l A

A

9]

fel=2d,
Cf. ot

[

[
O}
=N

—

tA

O g0l
[¢]

0l #2f

o

=R, I
=

x

tRI b

o

[¢]

= TN 82

AN

T 1S U4 60.23M), 014 60.76A|
50| QU= AL, H4(62.55 + 8.44M vs. 55.29 + 10.314) 2 Of

(63.43 £ 7.74M| vs. 57.48 + 8.79M)) ZF0lA AHO| 22

o]
o

3

Of HIWSIFCHE 1). 24 1,6028 & 1,022H(68.04%) & G4

1,2908 & 710E(55.04%)01M &
4 Archives of Obesity and Metabolism

LAY B, WEXY O I

C

k=l

PS|
()



Su Jin Kim et al. Associations of Obesity Indices with Carotid Atherosclerosis

H 1. Baseline characteristics of participants according to sex and carotid atherosclerosis

Men

Carotid atherosclerosis (-)

Carotid atherosclerosis (+)

Overall (n = 1,502) (n = 480) (n=1022) P-value

Age (years) 60.23 (9.68) 55.29 (10.31) 62.55 (8.44) <0.001
Height (cm) 170.24 (5.93) 171.52 (6.07) 169.63 (5.76) <0.001
Weight (kg) 71.85 (11.44) 74.01 (13.02) 70.83 (10.47) <0.001
BMI (kg/m?) 24.73 (3.22) 25.07 (3.54) 24.57 (3.05) 0.006
WC (cm) 89.41 (8.85) 90.06 (9.88) 89.10 (8.31) 0.050
VFA (cm?) 140.89 (64.09) 138.54 (67.14) 141.99 (62.61) 0.331
SFA (cm? 160.47 (70.17) 173.34 (83.10) 154.43 (62.32) <0.001
VSR 0.92 (0.46) 0.83(0.32) 0.97 (0.51) <0.001
SBP (mmHg) 130.63 (15.32) 128.97 (15.42) 131.41(15.22) 0.004
DBP (mmHg) 77.97 (10.26) 78.57 (10.62) 77.69 (10.09) 0.122
Hypertension 821 (54.66) 222 (27.04) 599 (72.96) <0.001
Dyslipidemia 970 (64.58) 280 (28.87) 690 (71.13) 0.001
Diabetes mellitus 343 (22.84) 81(23.62) 262 (76.38) <0.001
Postmenopausal state - - - -
Smoking status 0.016

Never smoker 416 (27.70) 152 (36.54) 264 (63.46)

Former smoker 722 (48.07) 206 (28.53) 516 (71.47)

Current smoker 364 (24.23) 122 (33.52) 242 (66.48)
Alcohol consumption 0.018

Never drinker 330(21.97) 95 (28.79) 235 (71.21)

Former drinker 207 (13.78) 53 (25.60) 154 (74.40)

Current drinker 965 (64.25) 332 (34.40) 633 (65.60)
Inadequate exercise 622 (41.41) 201 (32.32) 421 (67.68) 0.803
TC (mg/dL) 189.02 (43.94) 195.84 (40.84) 185.81 (44.98) <0.001
TG (mg/dL) 118.57 (74.97) 121.40 (74.66) 117.24 (75.03) 0.316
HDL (mg/dL) 50.55 (11.65) 50.75 (12.13) 50.45 (11.42) 0.636
LDL (mg/dL) 120.99 (43.45) 128.07 (40.81) 117.67 (44.27) <0.001
FBS (mg/dL) 102.93 (21.57) 100.09 (17.15) 104.27 (23.25) 0.001
HbA1c (%) 5.80 (0.79) 5.63 (0.64) 5.87 (0.84) <0.001
Uric acid (mg/dL) 5.98 (1.30) 6.11(1.41) 5.91(1.24) 0.006
Elevated CRP 88 (5.86) 34 (38.64) 54 (61.36) 0.166

Data are shown as mean (standard deviation) for continuous variables and as frequency (percentage) for categorical variables.

Elevated CRP was defined as >0.5 mg/dL.

Abbreviations: BMI, body mass index; WC, waist circumference; VFA, visceral fat area; SFA, subcutaneous fat area; VSR, visceral-to-subcutaneous fat ratio;
SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride: HDL, high—-density lipoprotein cholesterol; LDL, low-density
lipoprotein cholesterol; FBS, fasting blood sugar; HbA1c, glycated hemoglobin; CRP, C-reactive protein.
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H 1. Baseline characteristics of participants according to sex and carotid atherosclerosis (continued)

Women
Overall (n = 1.290) Carotid a(t:irgsé%;arosis ©) Carotid a(t:irc;s%;arosis +) P-value
Age (years) 60.76 (8.74) 57.48 (8.79) 63.43 (7.74) <0.001
Height (cm) 157.59 (5.50) 158.09 (5.61) 157.19 (5.38) 0.003
Weight (kg) 56.75(9.11) 56.61 (9.20) 56.87 (9.04) 0.604
BMI (kg/m?) 22.85(3.47) 22.65 (3.44) 23.02 (3.49) 0.056
WC (cm) 80.56 (9.60) 79.38 (9.26) 81.53(9.76) <0.001
VFA (cm?) 100.73 (64.99) 95.13 (71.28) 105.31 (59.02) 0.005
SFA (cm?) 192.87 (87.75) 189.12 (75.25) 195.93 (96.72) 0.166
VSR 0.52 (0.24) 0.49(0.21) 0.55(0.27) <0.001
SBP (mmHg) 126.28 (17.36) 123.16 (16.70) 128.82 (17.48) <0.001
DBP (mmHg) 75.08 (10.85) 74.21 (10.72) 75.79 (10.92) 0.009
Hypertension 561 (43.49) 205 (36.54) 356 (63.46) <0.001
Dyslipidemia 816 (63.26) 328 (40.20) 438 (59.80) <0.001
Diabetes mellitus 143 (11.09) 36 (25.17) 107 (74.83) <0.001
Postmenopausal state 1,268 (98.29) 576 (45.43) 692 (54.57) 0.011
Smoking status 0.432
Never smoker 1,198 (92.87) 535 (44.66) 663 (55.34)
Former smoker 54 (4.19) 24 (44.44) 30 (55.56)
Current smoker 38(2.94) 21 (55.26) 17 (44.74)
Alcohol consumption <0.001
Never drinker 768 (59.53) 310 (40.36) 458 (59.64)
Former drinker 130 (10.08) 58 (44.62) 72 (55.38)
Current drinker 392 (30.39) 212 (54.08) 180 (45.92)
Inadequate exercise 659 (51.09) 303 (45.98) 356 (54.02) 0.453
TC (mg/dL) 202.98 (43.63) 207.83 (41.11) 199.02 (45.24) <0.001
TG (mg/dL) 91.14 (48.74) 91.94 (51.97) 90.49 (45.96) 0.596
HDL (mg/dL) 61.24 (14.31) 62.07 (14.18) 60.57 (14.39) 0.063
LDL (mg/dL) 126.75 (42.53) 131.31 (40.04) 123.03 (44.14) 0.001
FBS (mg/dL) 96.43 (18.97) 93.68 (16.35) 98.67 (20.60) <0.001
HbATc (%) 5.67 (0.65) 5.55 (0.58) 5.76 (0.68) <0.001
Uric acid (mg/dL) 4.80(1.07) 4.80(1.02) 480(1.11) 0.878
Elevated CRP 54 (4.19) 23 (42.59) 31(57.47) 0.721

Data are shown as mean (standard deviation) for continuous variables and as frequency (percentage) for categorical variables.

Elevated CRP was defined as >0.5 mg/dL.

Abbreviations: BMI, body mass index; WC, waist circumference; VFA, visceral fat area; SFA, subcutaneous fat area; VSR, visceral-to-subcutaneous fat ratio;
SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride: HDL, high—density lipoprotein cholesterol; LDL, low-density
lipoprotein cholesterol; FBS, fasting blood sugar; HbA1c, glycated hemoglobin: CRP, C-reactive protein.
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J& 2. Sex-specific associations of visceral fat area, subcutaneous fat area, and visceral-to—subcutaneous fat ratio with carotid atherosclero—
sis—related outcomes. Forest plots showed adjusted odds ratios (ORs) and 95% confidence intervals (Cls) for carotid atherosclerosis, carotid
plaque, and increased carotid intima-media thickness according to visceral fat area (VFA), subcutaneous fat area (SFA), and visceral-to-sub—
cutaneous fat ratio (VSR). Carotid atherosclerosis was defined as the presence of carotid plaque or carotid intima-media thickness >1.0 mm.
All estimates are derived from the adjusted model, which included age, smoking, alcohol, exercise, serum uric acid, hypertension, dyslipid—
emia, diabetes mellitus, with additional adjustment for menopausal status in women.

E 3. Association between body mass index, waist circumference, and carotid atherosclerosis—related outcomes

Men Women
Crude model Adjusted model Crude model Adjusted model
OR (95% Cl) P-value OR (95% Cl) P-value OR (95% ClI) P-value OR (95% Cl) P-value

Carotid atherosclerosis

Body mass index 0.954 (0.923,0.987) 0.006 0.975(0.937,1.015) 0.224  1.032(0.999, 1.065) 0.056  0.988 (0.952, 1.026) 0.529

Waist circumference  0.988 (0.976, 1.000) 0.051  0.985(0.971,0.999) 0.040  1.024(1.012,1.036) <0.001 1.001(0.988, 1.015) 0.852
Carotid plague

Body mass index 0.951(0.920,0.983) 0.003  0.969(0.931,1.008) 0.117  1.024(0.992,1.058) 0.137  0.979(0.943,1.016) 0.265

Waist circumference  0.987 (0.975,0.999) 0.034  0.983(0.969, 0.997) 0.021  1.022(1.010, 1.033) <0.001 0.998(0.984, 1.012) 0.763
Increased (1.0 mm) carotid intima-media thickness

Body mass index 1.018(0.963,1.075) 0.533  1.038(0.975,1.106) 0.245 1.107(1.034,1.186) 0.003  1.070(0.985, 1.162) 0.111

Waist circumference  1.014(0.994, 1.034) 0.172  1.011(0.988, 1.035) 0.346  1.053(1.026, 1.082) <0.001 1.032(1.000, 1.066) 0.050

Values are presented as odds ratios (95% confidence intervals), P-values.

Carotid atherosclerosis was defined as the presence of carotid plaque or carotid intima-media thickness >1.0 mm.
Adjusted model: adjusted for age, smoking, alcohol, exercise, serum uric acid, hypertension, dyslipidemia, and diabetes mellitus in men; adjusted for age,
smoking, alcohol, exercise, serum uric acid, hypertension, dyslipidemia, diabetes mellitus, and menopausal state in women.

Abbreviation: OR, odds ratio.
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O3 3. Sex-specific associations of body mass index and waist circumference with carotid atherosclerosis-related outcomes. Forest plots

showed adjusted odds ratios (ORs) and 95% confidence intervals (Cls) for carotid atherosclerosis, carotid plaque, and increased carotid intima-
media thickness according to body mass index (BMI) and waist circumference (WC). Carotid atherosclerosis was defined as the presence of

carotid plaque or carotid intima—media thickness =1.0 mm. All estimates are derived from the adjusted model, which included age, smoking,
alcohol, exercise, serum uric acid, hypertension, dyslipidemia, diabetes mellitus, with additional adjustment for menopausal status in women.
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