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Role of Thigh Muscle in the Carotid artery Intima-Media Thickness and
Insulin resistance

II-Jun Hwang, Kyung-Sun Park, Yun-Tae Chae, Kyeh-Dong Shi, Soo-Kyung Kim,
Seok-Won Park, Yu-Lee Kim, Yong-Wook Cho, Young-Kil Choi, Sang—-Jong Lee

Department of Internal Medicine, College of Medicine, Pochon CHA University

ABSTRACT

Background: There have been recent reports that the fat distribution within skeletal muscle and the amount
of muscle mass are associated with insulin resistance and the development of type 2 diabetes mellitus
(T2DM). This study evaluated the impacts of visceral fat and thigh muscle from patients with T2DM and
healthy subjects on atherosclerosis and insulin resistance.

Methods: Forty-two patients with newly-developed T2DM and 11 healthy subjects were selected for the
study. The diabetic patients were subdivided into two groups, those under 40 years of age, as the young
T2DM (n=21) group, and 40 years-old or greater, as the old T2DM (n=21) group. CT scans were obtained
for all patients at the L4-L5 level and at the mid-portion between the greater trochanter and upper margin
patella. The carotid intima-media thickness (IMT) was also measured using high resolution B-mode ultrasono-
graphy.

Results: The mean visceral fat area (VFA) in the old T2DM group was 169.4 + 13.2 cm’, which was
significantly greater than that found in the healthy subjects (67.9 +7.92 cm’, P<0.001) and young T2DM
group (127.1 £ 10.4 cm2, P <0.05). The mean visceral fat to normal density muscle area ratio (VMxR) in the
old T2DM group was 1.50 + 0.19, which was greater than in the healthy subjects (0.46 + 0.52, P <0.001) and
young T2DM group (1.01 £+ 0.10, P < 0.05). The total thigh muscle areas in the young and old T2DM groups
were smaller than that in the healthy subjects, but without statistical significance. VMnR showed a positive
correlation with the IMT and HOMA-IR. However, the total thigh muscle area was negatively correlated with
the IMT. The normal density muscle area also showed significant negative correlations with the IMT and
HOMA-IR. In a multiple regression analysis, age and VMyR were the most important independent risk factors
of an increased carotid IMT.

Conclusion: This study showed that the role of thigh muscle, as well as that of visceral fat, played a very
important role in the occurrence of atherosclerosis. VMyR was found to be an especially important indepen-
dent factor for an increased carotid IMT (J Kor Soc Endocrinol 20:452~459, 2005).
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AL o dell 7H AHAQ] 282 sk AleR oA A
©m[3-5], 2001del] ¥}3%= US National Cholesterol Educ-
ation Program (NCEP)2] Adult Treatment Panel (ATP) III
HaAol A= ciAsS7] vt AI5k7]54 |- WHO
o] 71¥t 2, A= A7t ol slelEelE dstst
Arh6]. ZZolls ZAT ol ZEshe A, oA b
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ot 3= 20031 9L HE] 20041 4L74A] Eol] W
dslo] Agoz AR Fus ek 4290 S

ko 2 &1t sHukX] 84, thiazolidinediones 32 A

Hl2o|E 55 B8k e A, 2 ol9]e thE W
e Aske R A 550 T Ak SR A
2T 3702 Well 3kg o2l At AlFHETE AR 73F-
= A didollA Allside). w3t F5A4] C-lEte] = 0.3
mmol/L w2k, AEARSE] A, 3 GADFA| Y =
2 AE o] oilEle A B AllA Allsied
th ARy 2 B F 404 wvk: A ARy Jad
3kAE (young T2DM, 21%) 2|3 404 o[4S 319 o]
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204 (HbAlc), C-reactive protein (CRP), EZd|X~HIE,
/A%, HDL Fal=elE 52 S43ick a7l Ag
Ale] A3 2 HOMA-IR (Homeostasis model assessment of
Insulin Resistance)E ©]-8slo] F439] 2, HOMA-IR=
5EH JEREE WU/mL)xF 58 (mmol/L)/22.5
oz Akksisic

A% WAL e TIE Bmode 285171
(Sequoia C256, Acuson, Japan)9] 7.5 MHz A% &3z}
(axial resolution: 0.2mm)E o]-&s}e] Pignoli S{11]2]
Wos SAsgIe), BARE) 9T flel] Stelo vl
Ao S48 TEE BAG A4 8 AREIet 72
Ful gk 295 JEnle] FRE vk 375
wo] WAzl B R Felse BAe] 2o
ofl HIshz 7B far walloll WA} 208l
A4S 1ol o] Aol 291 10 mm, D3] 10 mmI]
Aololl Fshe 007) $918] A% HFNE WA
Aolsliy, WEF7l= intimal-luminal interfaceAlo]2}
medial-adventitial interfaceAto]e] A=IZ AHJslAc12,
13]. odofRl @2 ou|A] IR AARE & HFE TR
124 (IntimaScope, MEDIA CROSS Co., Ltd, Japan)= ©|
Salo] Zgelglek

Yo 4t BE= AFE|TEE (Giemens sen-
sation-16, German)< o|-&sl o, Q3 4~5458 3l
o] Hounsfield number -150~-5001] s}z 5915 374
3lo] FEBA A (total abdominal fat area)S T3HIT,
ERe}L wiie] Enlks AAlR QK WARAMEA (visceral
fat area, VFA)2. 2, uv}ZZ=S- ]s}AH 4] (subcutaneous
fat area, SFA)2.Z o] 3, ARl siA b
ZJH] (visceral fat vs. subcutaneous fat area ratio, VSR)S
Aeiick e 24e7] S8l ol F0l
(midportion between upper margin of patella and greater
trochanter) S ¥J%F3}lod, Hounsfield number 0~+10001] 3%+
sl= H-91¢] ZE]HH (total thigh muscle area)g -}
31, Hounsfield number 0~+300]] sisl= H$je] A=
Z A (low density muscle, LDM)™1# ¥} Hounsfield num-
ber +31~+10001] 3Fsl= He)o] AT AT (normal
density muscle, NDM)H3-& ZA4s1dc) a2l o] o}
Al WAl e 2] (visceral fat vs. total thigh
muscle area ratio, VM{R), WA AAL T ZFATHA
H] (visceral fat vs. normal density thigh muscle area ratio,
VM\R)EZ 27} Wrol] Alkslodet.
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3. SAEA

Apgo] EANAL: SPSS AZEo] (version 11.0; SPSS
Inc, Chicago, USA)S o]-&3lix 7t wigee] B 5
FEANE FAS 7 o] B el g
%] W4~ one-way ANOVA testE o833 A% 714
2 Scheffe’s testS o2}t A4AAl= Pearson’s corr-
elation coefficient S AR&slo] HAlsliar, 730 gat
Soloh 2R RS SeAsle] BeRE slotel]
18l A tlE3] 54 (stepwise multiple linear regr-
ession analysis)2 ©]-83}3Ack. P value7} 0.05 w[2H1 7-5-
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a2t F 539% 444 =T 117, young T2DM 21
W old T2DM 219 o|glon, 7
Al 327 £ 1.34), 50.1 + 1.74193, ¥]2]Edle old T2DM

AL 77} 264 + 1.4

ollA] 954 +2.6 cmZ A HZT(84.6 £ 4.5cm, P <0.05)
B}l folebAl =%a, A=A old T2DMeIA] 27.9
+ 1.0 kg/m & E=9hor} A4 =T (24.3 + 1.4 kg/m)oLk
young T2DM (26.1 + 1.4 kg/m>)¥} )3t Zjo|7} gigick
ZAA M &%+ young T2DMeilA] 5.71 £ 0.73 mmol/ LZ
AR Y27 (2.24 = 0.21 mmol/L, P < 0.05)°l] v]3l -§-2Js}
Al =9ktt HDL-ZHEl:HlE 55 AY &7 143+
0.09 mmol/LeY| 8|3} young T2DM (1.16 £ 0.05 mmol/ L, P
<0.05)3} old T2DM (1.11 £ 0.04 mmol/L, P < 0.05)l]4]
FoJsiAl Y9kt HOMA-IRS old T2DMell4] 3.21 +0.38
2 A 2T (1.79 £0.38, P<0.05)Hct G284 =%
t}(Table 1).

Ao g 2% oy vlik AEET} 255}
2 ZH¢ A Wil gigk - 37ke] EAL o
<3} Zt} (Table 1). VFAE old T2DMellA] 169.4 + 1
em’ & A =T (67.9 £7.92 cm’, P<0.001) ¥ young
T2DM (127.1 + 10.4 cm?, P < 0.05)Ec} §2JalA] =9k,
VSR-Z old T2DMollA] 1.05 + 0.082 B4 thz7-(0.55 +
0.09, P <0.001) % young T2DM (0.77 £ 0.07, P < 0.05)}.

Table 1. Clinical Characteristics of Subjects

Healthy (n=11)

Young T2DM (n=21) Old T2DM (n=21)

Age (year) 264+ 138 32.7 + 1.26% 50.1+1.67" '
BMI (kg/m?) 24.3 +1.36 26.1 + 1.41 27.9 +1.02
WC (cm) 84.6 + 4.47 89.5 + 1.64 95.4 +2.59%
Glucose (mmol/L) 527 +0.10 10.9 + 1.27* 9.26 + 0.87*
HbAlc (%) ND 10.5 £ 0.75 9.47 + 0.65
Total cholesterol (mmol/L) 4.79 + 0.24 5.53+0.20 4.85+0.15"
Triglyeceride (mmol/L) 2.24 +0.21 5.71 £0.73* 4.54 £ 0.62
HDL-cholesterol (mmol/L) 1.43 +0.09 1.16 + 0.05* 1.11 +0.04*
CRP (mg/L) 0.33 + 0.03 0.43 +0.13 0.49 +0.15
FFA 339.3 + 434 786.0 + 97.7* 633.9 + 112.4
Fasting insulin (pmol/L) 54.1+11.2 58.7 +13.1 59.2 +7.68
HOMA-IR 1.79 + 0.38 2.64 +0.42 321 +0.38*
Total abdominal fat (cm?) 232.9 +38.3 308.6 + 23.0 338.9 +22.4%
Subcutancous fat (cm?) 165.0 + 32.7 1813+ 16.6 169.6 + 13.1
VFA (cm?) 67.9 +7.92 127.1 + 10.4 169.4 + 132" %
Total thigh muscle (cm®) 163.3 £ 7.47 146.8 £5.14 1442 + 547
Low-density muscle (cm®) 15.6 + 1.08 19.0 +0.93 21.6 + 1.59
Normal-density muscle (cm2) 147.0 £ 6.93 127.6 £ 5.08 122.6 = 5.93*
VSR 0.55 + 0.09 0.77 + 0.07 1.05 +0.08"*
VMR 0.42 +0.05 0.84 + 0.08* 123+0.14"F
VMyR 0.46 +0.52 1.01 +0.10% 150+ 0.19"
IMTyEan (mm) 0.56 + 0.17 0.63 + 0.02 0.79 + 0.04" *
IMTyax (mm) 0.78 + 0.03 0.90 + 0.04 1.08 +0.05*"

Values are mean + SD

BMI, body mass index; WC, waist circumference; CRP, C-reactive protein; FFA, free fatty acid, HOMA-IR,
homeostasis model assessment-insulin resistance; VFA, visceral fat area; VSR, visceral fat vs. subcutaneous fat area

ratio;, VMTR, visceral fat vs. total thigh muscle area ratio; VMnR, visceral fat vs. normal density thigh muscle area

ratio; IMTwmean, mean intima-media thickness; IMTwmax, maximal intima-media thickness;
* P<0.05 vs Healthy. ¥: P< 0.05 vs Young T2DM. ¥: P <0.001 vs Healthy.
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Table 2. Correlation Between Fat Distribution & IMT or HOMA-IR

IMTMEAN IMTMAX HOMA-IR
Total abdominal fat (cm?) 0.40" 0.34* 0.40"
Subcutaneous fat (cm?) 0.06 0.03 0.26
VFA (cm?) 0.67" 0.59" 0.43"
Total thigh muscle (cm?®) 043" 041" 023
Low-density muscle (cm?) 0.41" 0.46" 0.41"
Normal-density muscle (sz) 051t -0.50" -0.32%
VSR 0.44" 0.39" 0.15
VM:R 0.79% 0.70" 0.47"
VMxR 0.81" 0.73" 0.49"

VFA, visceral fat area; VSR, visceral fat vs. subcutaneous fat area ratio, VMTR, visceral fat vs. total thigh

muscle area ratio, VMNR, visceral fat vs. normal density thigh muscle area ratio

* P<0.05, t: P<0.01, ¥: P<0.001

Table 3. Cardiovascular Risk Factors associated with Mean IMT in Multiple Linear Regres—

sion Analysis

Beta Sig
Age (year) 0.461 0.004
BMI (kg/m®) 0.085 0.447
WC (cm) 0.323 0.750
Total cholesterol (mmol/L) -0.115 0.220
HDL-cholesterol (mmol/L) -0.083 0.437
Triglyceride (mmol/L) -0.141 0.137
HOMA-IR 0.186 0.117
Total abdominal fat (sz) -0.019 0.884
Subcutaneous fat (cm?) 0.038 0.726
VFA (cm®) -0.240 0.211
Total thigh muscle (sz) 0.079 0.492
Low-density muscle (cm2) 0.054 0.643
Normal-density muscle (sz) 0.084 0.502
VSR -0.221 0.065
VMR 0.503 0.002

BMI, body mass index; WC, waist circumference; HOMA-IR, homeostasis model assessment-insulin
resistance; VFA, visceral fat area; VSR, visceral fat vs. subcutaneous fat area ratio, VMR, visceral fat vs.

normal density thigh muscle area ratio
Adjusted R”: 0.81

t} §oJalAl E9kT, VMARS old T2DMOIIA] 1.50 £ 0.19
2 A4 =T (0.46 £ 0.52, P<0.001) 3 young T2DM
(1.01 £0.10, P <0.05)Xc} F2olslA] =9ken
1A 4] old T2DMelA 21.6 + 1.6 em” & A4 thz
T(15.6 £ 1.1 cm®) & young T2DM (19.0 £ 0.9 cm’)}c}
E%koL}t o8k XolE Holx| okokrl el HIHE A

, ABE =

0.05 mmZ 24 tZ4-(0.78 £ 0.03 mm, P < 0.05) 3 young
T2DM (0.90 + 0.04 mm, P < 0.05)XEc} 25 F-2JslA =9

o

2. A

o et 042] HIZH A&
EH ¥ HOMA-IRZ}Q|

A e FATHHL old T2DMOA] 122.6 £5.9 cm’ 2 A
A 2T (147.0 £ 6.9 em’, P < 0.05)Xc} -§-2JslA] D9k,
ZoE]H2S old T2DMOIA] 144.2 + 5.5 cm™ & A4+ o
ZT(163.3 £ 7.4 cm) B} ggkor} §ol3t xolE Kol
okoltl. IMTuveant old T2DMellA] 0.79 £ 0.04 mmE A4
=7 (0.56 £ 0.17 mm, P <0.001) 3 young T2DM (0.63
+0.02mm, P<0.05), IMTuax old T2DMell4] 1.08 +

VMR IMTuean, IMTvax 2 HOMA-IRT} 5-9]3F o
o] AIIAIE Bl (r=0.81, r=0.73, P<0.001, and r
=0.49, P <0.01, respectively), L 2]ol] VFA (r = 0.67, 1 =
0.59, P <0.001, and r = 0.40, P < 0.01, respectively), A2
5 F43HH (r= 041, r=046, and r=0.41, P<0.01,
respectively), VMTR (r = 0.79, r = 0.70, P <0.001, and r =
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0.47, P < 0.01, respectively) 25 2 ko] AATAIE K
ek e oleh BilE F oHElZHA2 IMTvean 2
IMTyax} o3t 52] ARE: H9low] (1=-043, r = -0.41,
P <001, respectively), A4UE FATHHAE IMTuean,
IMTwax 3 HOMA-IR#} 4] o3k 22| AdaAls W
9t} (r = -0.51, r = -0.50, P < 0.001, and r=-0.32, P < 0.05,
respectively) (Table 2).
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4 F 404 Rk A AR 23 SR (young
T2DM, 21%) Z2]3L 404 ol T ol$ AR¥ Fury
AT (old T2DM, 217%) 22 thA] EFsligick

2E dld Folld 83 4-57F3) dlE Tl A
FElR2ed S Al3gsiie). wedl T E B-mode XS
IPIE o83l el WghAlE S4s1eick

Auk: 1) WAAMEA (visceral fat area, VFA)S old
T2DMOA] 169.4 £ 132 cm’E A =T (67.9 £7.92
cm’, P<0.001) g young T2DM (127.1 + 10.4 cm’, P <
0.05)Xr}t frefsiAl =9kar, WA AU 4T
H] (visceral fat vs. normal density thigh muscle area ratio,
VMNR)S old T2DMOIA] 1.50 + 0.192 A4 th=T- (0.46
+0.52, P<0.001) 3 young T2DM (1.01 £ 0.10, P < 0.05)
Rl FoJsiAl =0k A4 izl vlazsle] young 12
3L old T2DMelA] & o=l WA Jgkort {2t xjo]
£ HolA] ooirh

2) H5FE| wgEedol o8t of7] uut A EET} HeY
W77 2l HOMA-IRZE] AEAlel 4] VMRS IMT
3 HOMA-IR¥} foldt ok AfAlE Holck e
ol¢} HHZ & the|lZHHL IMTS} 28t 22 AakaiA|
E H3ow, e FAIHHE IMT % HOMA-IR
T A fFelgt 39 ASHAE Hodck

7 & WAl ddke viXle S8k

3)
o] 1A ek hEIAE
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N73HE telgh VMaRe]
A& WA S71ell 71 T2 SR 99 9/
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