g = E = el B

=L
=

7

[e13
<1



g = E = el B

=L
=

12 ¢

2005



ol AAL delE=EE e d
AL 9 o)
AL o)
AL o)
At g

2005 4

12 3

e



g SHA

el

—_
file)

™

min

A

2w

al7)
A

ool Al ©]

&

A

A

2=
=]

] &}



7

2

sl

=K

e

xr
iz
0

o

10
10
12
14
16

EX L OAF AL e

=

1 }E} S|

o
™

SRESE

1.

. 2 =

18

0

IV.

22
23

29

o
al7)

jgase)



212

11

A EA EOTJAE KT ceeeeeeeeeeereeennneeaian

oRy

13

_do

Z]T_

15

27

17



EA G- 2 23] 7

o] o]

37{1,

il

s

A Ak

il

el
=

)

b
M

—

!

3

kS

al

A}
S,

Aow

=]
™

Z <+ heparin-Mg

S7H7F A

A2 ¥

ol s .

B

AS

s

1

Z3}e)

] 2~

Wl =
=

A= A

A A )ALl

thiazolidinedione, Z~El| 09|

0
z]t

7

T

NCEP 71 WAtS%

5&_

7] 9]

AT, AT ol wheh AME Ag

s

s

boleh,

S

287 W& Yoz

g 28 &2 2] 7t

=
-1 =

HuH

dadEe @ %

A
=

g 2=

Wl =
=

At



&

=20
=

2~ H]

=
=

% Agy

’

g 2~H =

=
=

Ak FE aEHE 59

e 2o

A
=

HH

)

e
T



A el -S| g 2 7o) 317

<A E W ZFEF>

Tor

N

<0

A B2

]_1*2

A= =¥e)
L

2-4vf 7}

7Fe7d ol

34

o]

=
"o

B

wm
file)
Nd
mi

p—

0
ot

B

—

= /7=

o ApESe 919

o] olgE

e,

Ad2 A5 7t

o= d¢A YT,

il



(small

min

o]

=

an
M

UL

——

wA
B
o

)
file)
A

el

A g

s

pu

o7lE Fow dyA goml Ay

A7 A

N
B

I
—~
file)
iz
el
o
iz
=

!

v
an

—

o

14 ek,

9

1
H

k<)

%]
|

-

T
Z o Hirano 5%&

1719

°©

v
M

o

dHE whol

=
1=

11:_]-1314

b 7

°©

oA}

i

at

] 2~

u 2
Qe
A7 A2

A
2



W g zH e el o AFE A g Aol ol A4ELS



L A5 o

20043 7EFE 20051 2€7H4] AAMEY ABRFAHY FwAlE
A s G sls] Vel whet A2y o Huhta, FHo 34
AR wsrh glom Ad tiatel] JFES WA= s EO|E, 2~
Elel, dlo]H g o]E | thiazolidinedione A€ kS AFE3slal YA E+=

287 g9 I}AES giFew 3.

9. AT Wy

NGt A

flo
N
N
=
Mo
o
filo
hind
flo

o,
=
=2
2
>
2

Az 9 AAA LR %

sk o] HAARZE S5kt 92 AT 5ol st - A5
AL, HA& 1 ol HAS T 7 Ak S3ske] kit diA §
A= 10413 o] 34 § QS o FE ¥ = (glucose oxidase
H), F3d M A (high pressure liquid chromatography), Z=Zd~HE
IEE Aok FYAHE, SAAY, AYE Ad FHiHE sEE

S48 t. FFU2HEY SAAALS A2 7] (Autoanalyzer Hitachi

b

011

7150, Hitachi Ltd., Tokyo, Japan)E ©o|&3sle] @ihiow =4



\)’ .~ 1_ —— T —
. =3 »oom 9 T W% e wY
5 ~ o 4 DS o :
Mlv W e = X X’ L oT_ ET =r .&o 3
kS = T ‘.# - .z__l o = (= ~9 _.E
m = WE )A 1_ L_L o ‘_.mm _.E Of ‘DFL < O_ ﬂﬂ
S o o9 Mooof o0 o B K
< m g Z NoE 2 X o) B O™
.m N _ 2 o = = o I .W Ea —_ U
CO T TG S = r £ g% ¥
mo@m B8 o WX = &
o = T 2 ©H A A o
X " o= o g = S = o
= oM S g W 208 s B T
o o NS =] & = R i w b s
« Ao = E @ . L ..
- Nro <] jod ﬂ.&l % ﬂu_._ 3 Mw Y ,WJ ™ Gy
T = I ojn I = o8 Al -
A oo TS g e ' N .
T 5 W oz b o ¥ - - N B mﬁ =
e ~ ~ EE ey - —_ ;io mE o
w5 o m = T ﬂ ¥ rox <4
(@) _— - T i
= = @/no T JoE P O8R T W b %ﬂa
T S A ol T =g
ooz &/E m 3 W o e = M " WM HE
. — = i Lo
o £ T & i = S K P uE o T 2
) + O = l - )
w S s & % Bosox oW ow Fowog
> T s = oW X 8 wm B e H
R E 3 = } . X M o o 7 s
—= H.. i 5 5 °
g:ﬁa - Z i w5 Mﬂo mﬁ B M N
' 2 z g o X 3 ® ° © o
= =z - "L L i
S X :
T G A A G
X v i) g= e B3 xH © o o : _H@o To-
— = b L g b S R i
X 10 .La OM (o) ..un__u...V w J@.M EE _,AO 1J|
TR B R T S L
- - o 2 5%
UG o T R GO B :
Hox 2 F A o e oo oe 2 E R
B ol AR = B B

=

)

= ES
i ER tae

W e sHER U
A 2

Wl =

h =

= A

=1
=

daEEs ASE A
g 2HES A

u =

| =
u =
| =

At
= A

-
a
=

=1



o,

5

skof A

o
.

ARG NCEP 7155 wheh ofell 57H4] @& 5 37) 5 71 o]

93 A < 40 mg/dl (1.03 mmol/L), <]

© > 150 mg/dl (1.69 mmol/L)

G2 =90 cm, ¢JAF =80 cm

12l =

O
b < 50 mg/dl (1.29 mmol/L)

1)

olo

g 5 AABHAS A

4) d9F > 130/85 mmH

st

e}

> 110 mg/dl (6.11 mmol/L) &

593

=
o

EIES = L e

Wl =
-l =

At

ﬁo

3R

gl

°o]&

KeN
=

EARAE SPSS program(version 11.0)

ﬁo



it
i)
=
rlr
e
(o,
M
>
M
1
o
=)
9
=
Q
<
o>
d
@)
<
>
o
v
o]
(@)
@
oy
(@)
@]
Q
=)
=N
<
[0)]
&
—
o
=4
(@)
<

S E3a) vttt A A R4S Pearson’s correlation coefficient =
el

e o] & pikE 0.05 vvre® st



L oAl 99d 54 0 oA A%

A #A 28789 HF ol 57.6£10.94, FxWe §H7IHE

7.247.08, AAFAFE 25.543.5 kg/o’ o)Ak, AA o] Fa 2
e AU Fy A= HAE 0.84+0.49 mmol /Lol A

A gkl F g o] th3F BES 26.2+415.2 % oA, thAEF ol

Aot A Al Ao 70% ol vk, A= Mgk AL % 13 g2

om ool A FAdel Hlgte] FIUAHE, nLUE AT Fo =]
=k, Ao R AYE A FHAHE A= "yt zkelrt gl

Qou} v HAA Btk A1 BHAe ANE Aehy Zo e S

10



Table 1. Clinical characteristics according to gend

Total Male Female p value
N 287 134 153
Age (yrs) 57.6+10.9 56.0+11.9 58.9+9.7 <0.05
Duration of diabetes (yrs) 7.2£7.0 7.1£7.5 7.316.5 ns
BMI (kg/m?) 25.5+3.5 25.3+3.3 25.63.7 ns
Fasting plasma glucose (mmol/L) 8.20+2.58 8.44+2.58 7.99+2.56 ns
HbA. (%) 7.9+1.6 7.9+1.6 7.81.6 ns
Total Cholesterol (mmol/L) 5.09+0.90 4.92+0.83 5.004 <0.05
Triglyceride (mmol/L) 1.82+1.15 1.90+1.40 1.75+0.88 ns
HDL-C (mmol/L) 1.26+0.29 1.21+0.30 1.30+0.27 <0.05
LDL-C(mmol/L) 3.21+0.80 3.10+0.80 3.31+0.80 <0.05
sd-LDL-C (mmol/L) 0.84+0.49 0.88+0.54 0.80+£0.45 ns
Percentage of sd-LDL-C (%) 26.2+15.2 28.9+17.7 2382 <0.001
Ib-LDL-C (mmol/L) 2.38£0.74 2.21+0.79 2.52+0.67 0.
Percentage of Ib-LDL-C (%) 73.8+15.2 71.1+17.7 7622 <0.001

Data are expressed as meanszS.D.

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

cholesterol, sd-LDL-C; small dense low density lipmpin cholesterol, Ib-LDL-C; large buoyant low

density lipoprotein cholesterol

p value : male vs. female
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Table 2. Clinical characteristics according to thember of components of metabolic

syndrome
1 2 3 4 5 p value
N 24 62 86 73 42
Sex (female %) 33 37 47 74 67 <0.001
Age (yrs) 49.1+13.2 58.3+10.9 57.4+10.1 60.2+9.6  .0870.9 <0.01
Duration of diabetes
3.7x4.7 8.418.2 7.416.9 7.56.5 6.7+6.5 ns
(yrs)
BMI (kg/m?) 23.4+£2.5 23.7£2.6 25.5£3.7 26.5+£3.3 27.6£3.3 60Q.
FPG (mmol/L) 8.27+2.80 7.85+2.68 8.31+2.55 8.2252.4 8.37+2.65 ns
HbAc (%) 7.9+1.7 7.7+1.8 7.9+1.8 8.0+1.5 7.7+1.3 ns
Total cholesterol
4.73+0.71 4.95+0.98 5.12+0.82 5.15+1.05 5.32+069 s n
(mmol/L)
Triglyceride (mmol/L) 0.94+0.38 1.23+0.48 1.73+0.84 2.04+1.21 2.98+1.52 <0.001
HDL-C (mmol/L) 1.49+0.32 1.40+033 1.30+0.26 1.13#®. 1.04+0.15 <0.001
LDL-C (mmol/L) 3.03+0.65 3.22+0.92 3.26+0.76 3.2680 3.12+0.80 ns
sd-LDL-C (mmol/L) 0.55+0.36 0.68+0.40 0.82+0.51 @9.49 1.14+0.51 < 0.001
Percentage of sd-LDL-C 17.8+11.4 20.2+9.9 25.8+15.1 27.7+14.5 38.0+17.8 0.001
Ib-LDL-C (mmol/L) 2.46+0.57 2.53+0.69 2.43+0.76 2:9.73 1.99+0.81 < 0.001
Percentage of Ib-LDL-C  82.2+11.4 79.8+9.9 74.2+15.1 72.3+14.5 62.0+17.8 0.001

Data are expressed as means+S.D.

BMI;body mass index, FPG; fasting plasma glucos®LH; high density lipoprotein

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

lipoprotein cholesterol, Ib-LDL-C; large buoyantl@ensity lipoprotein cholesterol

P value : obtained from the ANOVA

13
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Table 3. Clinical characteristics according to phesence of metabolic syndrome

MS(-) MS(+) p value
N 86 201
Sex (female %) 36 61 <0.001
Age (yrs) 55.7+£12.2 58.3+10.1 ns
Duration of diabetes (yrs) 7.1+£7.7 7.316.7 ns
BMI (kg/m?) 23.6+2.6 26.3+3.6 <0.001
FPG (mmol/L) 7.98+2.70 8.29+2.52 ns
HbA (%) 7.8+1.7 7.911.6 ns
Total Cholesterol (mmol/L) 4.89+0.91 5.17+0.89 D.
Triglyceride (mmol/L) 1.15+0.47 2.10+£1.24 <0.001
HDL-C (mmol/L) 1.4340.33 1.18+0.24 < 0.001
LDL-C (mmol/L) 3.17+0.87 3.23+0.78 ns
sd-LDL-C (mmol/L) 0.64+0.39 0.92+0.51 <0.001
percentage of sd-LDL-C 19.5+10.4 29.0+16.1 <0.001
Ib-LDL-C (mmol/L) 2.51+0.66 2.320.77 <0.05
percentage of Ib-LDL-C 80.5£10.4 71.0+£16.1 <0.001

Data are expressed as meafSsD.

MS;metabolic syndrome, BMI;body mass index, FPGtif plasma glucose, HDL-C; high density lipopiote
cholesterol, LDL-C; low density lipoprotein cholestl, sd-LDL-C; small dense low density lipoproteimolesterol,
Ib-LDL-C; large buoyant low density lipoprotein dasterol

p value : metabolic syndrome(+) vs. metabolic sgrmi(-)

15
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Table 4. Pearson correlation coefficient between BU-C, percentage of sd-LDL-C and

other parameters

sd-LDL-C percentage of sd-LDL-C

Y p-value Y p-value
FPG 0.125 <0.05 0.081 ns
HbAlc 0.165 <0.01 0.060 ns
Total cholesterol 0.573 <0.001 0.244 <0.001
Triglyceride 0.488 <0.001 0.606 <0.001
HDL-C -0.229 <0.001 -0.315 < 0.001
LDL-C 0.418 < 0.001 0.062 ns
sd-LDL-C - 0.841 < 0.001
percentage of sd-LDL-C 0.841 <0.001 -

v; correlation coefficiency, FPG; fasting plasmacgise, HDL-C; high density lipoprotein
cholesterol, LDL-C; low density lipoprotein cholestl, sd-LDL-C; small dense low density

lipoprotein cholesterol, Ib-LDL-C; large buoyantlaensity lipoprotein cholesterol
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Abstract

Therelationship between the metabolic syndrome and small dense low
density lipoprotein-cholesterol determined by the ssmple precipitation

method in Korean type 2 diabetic patients

Wan-Sub Shim

Department of Medicine

The Graduate School, Yonsel University

(Directed by Professor Bong-Soo Cha)

Background : Type 2 diabetes mellitus and metabolic syndrokig)(are associated
with the increased risk of cardiovascular diseaskwith characteristic dyslipidemia
which is composed of high level of triglyceridewldevel of HDL-C and increased
small dense LDL(sd-LDL). Recently a simple methodswestablished for the
guantification of sd-LDL-C using heparin-magnesipnecipitation. The aim of this
study was to evaluate the relationship betweenstheDL-C and the number of

components of MS in type 2 diabetic patients.
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Methods : 287 type 2 diabetic patients, who did not use tleglioation which can
affect the concentration of lipid such as statifprate, thiazolidinediones and
corticosteroid, were enrolled. The NCEP-ATP lliteria of MS were used except
obesity.

Results: Although LDL-C concentrations were not changed atiog to the number
of components of MS, absolute level and percentiged-LDL-C were increased.
Although LDL-C concentrations were not differentween presence and absence of
MS, in the case of MS, absolute level and percentdgsd-LDL-C were higher than
not in the case of MS. Sd-LDL-C concentration wasitively correlated with fasting
plasma glucose, Hb# total cholesterol, triglyceride, LDL-C and pertage of sd-
LDL-C, and negatively with HDL-C. The percentage saf-LDL-C was positively
correlated with total cholesterol, triglyceride asd-LDL-C, and negatively with
HDL-C.

Conclusion : The sd-LDL-C may a factor that explains the highisk of CVD in

diabetic patients with the MS.

Key Words : small dense LDL-C, precipitation methatetabolic syndrome, type 2

diabetes mellitus
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