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- Abstract -

Background: Visceral obesity is closely associated with cardiovascular disease (CVD). Small
dense (sd) LDL is closely associated with CVD. The aim of this study was to evaluate the
relationship between visceral and subcutaneous fat accumulation and sd LDL-C
concentration.

Methods: 264 type 2 diabetic patients underwent ultrasonography to estimate visceral &
subcutaneous fat accumulation and sd LDL-C concentrations were measured.

Results: BMI, total cholesterol, sd LDL-C concentration and percentage of sd LDL-C were
higher in highest tertile of visceral fat length in male than those in lowest tertile. BMI, total
cholesterol, triglyceride, LDL-C, sd LDL-C concentration and percentage of sd LDL-C were
higher in highest tertfile of visceral fat length in female than those in lowest fertile. But sd
LDL-C concentration and percentage of sd LDL-C were not different among three groups
based on the ftertile of subcutaneous fat length in male and female. Visceral fat length
was correlated with sd LDL-C concentration and percentage of sd LDL-C, total cholesterol,
friglyceride, LDL-C, but negatively with percentage of large buoyant LDL-C and HDL-C
affer adjustment of age, sex and BMI. Subcutaneous fat length was not correlated with sd
LDL-C and percentage of sd LDL-C, total cholesterol, triglyceride, HDL-C and LDL-C.
Conclusion: The association between visceral fat length and sd LDL-C could be a factor
that explains the association between visceral obesity and CVD. (J Kor Diabetes Assoc
30:207~216, 2006)

Key Words: Small dense LDL-C, Subcutaneous fat, Type 2 diabetes mellitus, Ultrasonography,
Visceral fat
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=2 A2] 715 A R A= o= slick
AL)715E 22 3/ML7E X 5] #3975 A
At s vixE HAE AS3la Qe A (e
£ Ae}el, slo|Hyo|E, AH|Zo|X, thiazolidinedione),
R4, B o]e]e] itH] A3ks 7R -5 3l
th B dFollie F 26479 sHAES tHEeE SiQich

2. di

At Al 7 25 Y2 AelelA] AA AlZY
oF AAER FgsIor, Ags A AFes vy
ol AERAITE Adsislch g s 10417 o
F4 & QD slpom F8 X (glucose oxidase™),
3} A4 (high performance liquid chromatography), &
FHlElE, dsE Avh FHzEE, SR, AdE
Akl Z|l2ElE 55 S8tk FEulAEE S
AA R 215-5247] (Autoanalyzer Hitachi 7150, Hitachi
Ltd., Tokyo, Japan)& o|-§3le] a4 og ZAsl9ly, 1
e Ak FEREERS RS o83l A
(chylomicron), A=Akl (LDL; low density lipoprotein)
9 ZAUEA Y (VLDL; very low density lipoprotein)
< FRAAA F Aol e = Ak (HDL; high
density lipoprotein) o4 FHIXEIES tHA| 4oz
Zgsiodel. AME Ak FeElsElE e 848
(cholestest-LDL) 2.2 &3t}

A3 AR AdE Aok FelslEs e 22
nhHo g Z39ick Heparin sodium salt 150 U/mL¥}
MgCl, 90 mmol/LE 33k X4 gols sake] Pl X
7} 5l 23k8E $of] 10427k 37 CollA] vk (incubation)s}3A
ok 2 F 1587 A5Slell F Foll, 1583+ 4CollA] 15,000
pmoE AEeEck AL 3 FRo viel] 7}
Zhokol AL sl ik Ase] 9 e
AAsI] FZElulET} i E Akl FeliEEs &
Aslglel. Ao 1A AL s Akl FallwlE A5
oA F4% FFulElEelA UE Akl ZHlElE
=l gre® sick Ax HARE A Akl a2
9] vlee A A8k AE s Akl FElaEES A
= Ak ZEHER UE $ 1008 Hele] Aldsiaick
A3 B4 AE Akl FelAwES AEE Atk
EHllEollA] Ao "R AdE Akl EElad S
wl Zre® siglck Z 3 FRAQ AEE Akl Fal|
9] 2 I B4R AR Akl FaleES A
e Akl ZHAEIER Ve 1008 wske] AKXRsIe]
t}.

WA slalA 22t st s B-mode 253171
(GB)®| 3.5 MHz EFIE €416} 10 MHz 2413 &4}
£ o] dzto] Er] AelellA Al 1 em#lollA 5L A
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TAE AT BABIcL 5A Akl 9] 2 P %%

< 0.05 H[RkeEZ |9k

Table 1. Clinical Characteristics of Patients
Total Male Female P value

N 264 124 140
Age (years) 57.1 = 11.1 56.1 + 11.9 58.0 + 10.3 ns
DM duration (years) 6.3 £ 6.7 59 +59 65 + 6.5 ns
BMI (kg/mz) 255 + 3.5 255 + 32 25.6 + 3.8 ns
Fasting glucose (mmol/L) 8.01 + 2.60 8.23 £ 2.63 7.83 £ 2.58 ns
HbAlc (%) 77 + 1.7 78 + 1.6 76 + 1.7 ns
Total cholesterol (mmol/L) 499 = 0.83 476 = 0.75 5.19 + 0.85 < 0.001
Triglyceride (mmol/L) 1.61 + 0.78 1.60 + 0.87 1.63 £ 0.70 ns
HDL-C (mmol/L) 1.24 + 0.25 1.19 + 0.25 1.28 + 0.25 < 0.01
LDL-C (mmol/L) 3.19 £ 0.73 3.07 £ 0.69 330 = 0.74 < 0.05
sd-LDL-C (mmol/L) 0.80 £ 043 0.76 £ 0.42 0.83 £ 043 ns
Percentage of sd-LDL-C (%) 244 + 12.2 24.8 + 13.1 239 + 114 ns
Ib-LDL-C (mmol/L) 241 £ 0.64 2.30 £ 0.62 251 £ 0.65 < 0.05
Percentage of 1b-LDL-C (%) 75.6 £ 12.2 752 + 13.1 76.1 £ 11.4 ns
SQ (mm) 21.79 + 8.15 17.87 £ 6.26 2526 + 8.08 < 0.001
VF (mm) 5041 + 1875 55.09 + 20.73 46.27 + 15.76 < 0.001

Data are expressed as means + S.D.

BMI, body mass index; HDL-C, high density lipoprotein cholesterol; LDL-C,

low density lipoprotein

cholesterol; sd-LDL-C, small dense low density lipoprotein cholesterol; 1b-LDL-C, large buoyant low density

lipoprotein cholesterol; SQ, subcutaneous fat length measured by sonography; VF, visceral fat length

measured by sonography.
P value: male vs. female

- 209 -



- Y=F M30A N32, 2006 -

Table 2. Clinical Characteristics According to the Tertile of Subcutaneous Fat Length

Measured by Ultrasonography in Male

Tertile of SQ (male) 1 2 3

N 41 42 41
Range (mm) 3.69 ~ 14.65 15.15 ~ 19.69 19.75 ~ 42.31
Age (years) 60.6 + 9.1 545 £ 11.6 527 + 134"
DM duration (years) 83 £ 79 42 + 60 54 62
BMI (kg/m?) 247 + 26 255 + 2.5 263 + 49
Fasting glucose (mmol/L) 846 £ 2.94 7.70 + 2.08 8.54 = 2.78
HbAlc (%) 81 * 1.5 75 + 1.7 77 + 1.7
Total cholesterol (mmol/L) 4.70 + 0.78 4.62 + 0.71 4.96 + 0.68
Triglyceride (mmol/L) 1.54 + 0.92 1.50 = 0.76 1.77 £ 091
HDL-C (mmol/L) 1.18 = 0.27 1.16 £ 0.23 1.23 £ 0.25
LDL-C (mmol/L) 3.06 + 0.70 2.90 + 0.70 3.23 + 0.66
sd-LDL-C (mmol/L) 0.72 £ 0.45 0.72 £ 0.35 0.85 = 0.44
Percentage of sd-LDL-C (%) 232 + 13.1 254 = 143 258 + 12.1
Ib-LDL-C (mmol/L) 2.34 + 0.59 2.18 + 0.67 2.39 + 0.60
Percentage of 1b-LDL-C (%) 76.8 + 13.1 74.6 + 143 742 + 12.1
VF (mm) 5347 + 22.16 58.94 + 19.93 52.77 + 19.98

Data are expressed as means = S.D.

BMI, body mass index; FPG, fasting plasma glucose; HDL-C, high density lipoprotein cholesterol; LDL-C,

low density lipoprotein cholesterol; sd-LDL-C, small dense low density lipoprotein cholesterol; Ib-LDL-C,

large buoyant low density lipoprotein cholesterol; SQ, subcutaneous fat length measured by sonography; VF,

visceral fat length measured by sonography.
* : tertile 1 vs. tertile 2 P < 0.05
t: tertile 1 vs. tertile 3 P < 0.05
¥ : tertile 2 vs. tertile 3 P < 0.05

Table 3. Clinical Characteristics According to the Tertile of Visceral Fat Length Measured

by Ultrasonography in Male

tertile of VF (male) 1 2 3

N 41 42 41
Range (mm) 7.76 ~ 45.49 45.85 ~ 63.53 63.54 ~ 103.36
Age (years) 58.0 = 10.6 552 = 134 550 £ 11.5
DM duration (years) 7.6 + 7.7 5.1 + 6.1 5.1 + 6.8
BMI (kg/m?) 239 + 2.1 250 + 2.0 277 + 39"F
Fasting glucose (mmol/L) 7.96 £ 2.65 8.16 £ 2.69 8.57 £ 2.56
HbAlc (%) 79 + 18 75 + 1.4 79 + 1.7
Total cholesterol (mmol/L) 4.60 + 0.82 4.72 + 0.66 4.96 + 0.70
Triglyceride (mmol/L) 1.21 + 0.53 1.62 + 0.84 1.96 = 1.01"
HDL-C (mmol/L) 1.26 + 0.30 1.18 + 0.22 1.14 + 021
LDL-C (mmol/L) 298 £ 0.74 3.01 £ 0.63 3.23 £ 0.70
sd-LDL-C (mmol/L) 0.67 + 0.35 0.70 + 0.46 093 + 039" "
Percentage of sd-LDL-C (%) 21.6 + 9.7 237 + 147 299 + 134"
1b-LDL-C (mmol/L) 232 + 0.57 231 + 0.60 229 + 0.71
Percentage of 1b-LDL-C (%) 784 + 9.7 763 + 14.7 70.1 + 134
SQ (mm) 17.16 = 6.79 18.22 + 554 182 + 17.23

Data are expressed as means * S.D.

BMI, body mass index; FPG, fasting plasma glucose; HDL-C, high density lipoprotein cholesterol; LDL-C,

low density lipoprotein cholesterol; sd-LDL-C, small dense low density lipoprotein cholesterol; Ib-LDL-C,

large buoyant low density lipoprotein cholesterol; SQ, subcutaneous fat length measured by sonography; VF,

visceral fat length measured by sonography
* @ tertile 1 vs. tertile 2 P < 0.05
T : tertile 1 vs. tertile 3 P < 0.05
¥ : tertile 2 vs. tertile 3 P < 0.05
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Table 4. Clinical Characteristics According to the Tertile
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of Subcutaneous Fat Length

Measured by Ultrasonography in Female

tertile of SQ (female) 1 2 3

N 46 47 47
Range (mm) 431 ~ 21.44 21.80 ~ 28.77 28.78 ~ 41.86
Age (years) 58.0 £ 11.2 57.6 £ 10.1 585 £ 938
DM duration (years) 58 £ 6.1 73 + 6.8 6.5 + 6.6
BMI (kg/m?) 235 + 25 25.6 + 3.1% 276 + 44"F
Fasting glucose (mmol/L) 823 * 3.16 7.67 + 1.94 7.58 £ 252
HbAlc (%) 77 £ 22 75 £ 1.3 77 £ 1.6
Total cholesterol (mmol/L) 5.14 £ 0.93 5.16 £ 0.85 525 £ 0.79
Triglyceride (mmol/L) 1.58 = 0.72 1.66 = 0.79 1.63 = 0.58
HDL-C (mmol/L) 1.24 = 0.24 1.29 £ 0.26 1.29 £ 0.24
LDL-C (mmol/L) 331 £ 0.79 320 £ 0.72 339 £ 0.72
sd-LDL-C (mmol/L) 0.87 = 0.44 0.84 £ 0.49 0.78 = 0.37
Percentage of sd-LDL-C (%) 244 = 11.8 253 £ 13.5 22.1 £ 8.2
Ib-LDL-C (mmol/L) 2.50 + 0.68 2.39 + 0.63 2.64 + 0.63
Percentage of Ib-LDL-C (%) 756 + 11.8 747 + 13.5 779 + 8.2
VE (mm) 4275 + 14.97 4520 + 14.33 50.77 + 17.09°

Data are expressed as means = S.D.

BMI, body mass index; FPG,fasting plasma glucose;

HDL-C, high density lipoprotein cholesterol; LDL-C,

low density lipoprotein cholesterol; sd-LDL-C, small dense low density lipoprotein cholesterol; Ib-LDL-C,

large buoyant low density lipoprotein cholesterol; SQ,subcutaneous fat length measured by sonography; VF,

visceral fat length measured by sonography.
* : tertile 1 vs. tertile 2 P < 0.05
t: tertile 1 vs. tertile 3 P < 0.05
¥ : tertile 2 vs. tertile 3 P < 0.05
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Table 5. Clinical Characteristics According to the Tertile of Visceral Fat Length Measured
by Sonography in Female

tertile of VF (female) 1 2 3

N 46 48 46
Range (mm) 15.09 ~ 38.96 39.13 ~ 51.85 52.17 ~ 99.94
Age (years) 56.1 £ 11.1 58.1 £ 9.1 60.0 £ 10.6
DM duration (years) 51 + 57 7.0 + 64 74 + 72
BMI (kg/m®) 232 + 20 255 + 2.7 280 + 46 F
Fasting glucose (mmol/L) 7.51 + 2.63 7.88 + 2.63 8.09 £ 2.51
HbAlc (%) 73 £ 20 77 £ 1.6 78 £ 15
Total cholesterol (mmol/L) 494 + 0.81 5.24 + 0.84 539 + 0.86
Triglyceride (mmol/L) 1.34 + 0.56 1.63 = 0.69" 1.90 = 0.73"
HDL-C (mmol/L) 1.31 + 0.24 1.28 £ 0.25 1.23 £ 0.25
LDL-C (mmol/L) 3.14 £ 0.74 325 £ 0.71 352 + 074"
sd-LDL-C (mmol/L) 0.70 + 0.41 0.86 + 0.41 093 + 045"
Percentage of sd-LDL-C (%) 20.2 = 10.0 254 + 12.5 262 + 10.8"
Ib-LDL-C (mmol/L) 2.49 * 0.61 245 + 0.72 2.59 + 0.62
Percentage of 1b-LDL-C (%) 79.8 + 10.0 746 + 12.5 73.8 + 10.8"
SQ (mm) 23.06 + 8.31 25.3 + 67.62 273 + 47.89

Data are expressed as means = S.D.

BMI, body mass index; FPG, fasting plasma glucose; HDL-C, high density lipoprotein cholesterol; LDL-C,
low density lipoprotein cholesterol; sd-LDL-C, small dense low density lipoprotein cholesterol; 1b-LDL-C,
large buoyant low density lipoprotein cholesterol; SQ, subcutaneous fat length measured by sonography; VF,
visceral fat length measured by sonography.

* : tertile 1 vs. tertile 2 P < 0.05

¥ : tertile 1 vs. tertile 3 P < 0.05

¥ : tertile 2 vs. tertile 3 P < 0.05

Table 6. Partial Pearson’s Correlation between Visceral & Subcutaneous Fat Length and
Metabolic Parameters after Adjustment of Age, Sex and BMI

VF SQ
4 P value 14 P value
sd-LDL-C 0.332 < 0.001 -0.016 ns
percentage of sd-LDL-C 0.308 < 0.001 -0.029 ns
Ib-LDL-C 0.035 ns 0.049 ns
percentage of 1b-LDL-C -0.308 < 0.001 0.029 ns
HbA | 0.033 ns -0.022 ns
Total cholesterol 0.238 < 0.001 0.067 ns
Triglyceride (log) 0.407 < 0.001 0.016 ns
HDL-C -0.166 < 0.05 0.106 ns
LDL-C 0.155 < 0.05 0.035 ns

BMI, body mass index; SQ, subcutaneous fat length measured by sonography; VF, visceral fat length
measured by sonography; sd-LDL-C, small dense low density lipoprotein cholesterol; 1b-LDL-C, large
buoyant low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low
density lipoprotein cholesterol.
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