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[ ABSTRACT ] Aim To investigate the association between high density lipoprotein (HDL) subclasses and plasma tri-
glyceride (TG) concentration in metabolic syndrome (MS). Methods Concentrations of plasma lipids and the apoli-
poproteins were detected by automated biochemical analyzer.  According to the NCEP ATP-III file set by the U.S. National
Cholesterol Education Program, the MS subjects were divided into four groups of TG <1. 69 mmol/L, 1. 69 mmol/L<TG <
2.25 mmol/L, 2.25 mmol/L<TG <5. 64 mmol/L, TG=5.64 mmol/L. . HDL subclasses were determined by two-dimen-
sional gel electrophoresis associated with immunodetection. Results Compared with their counterpart control, the levels
of plasma total cholesterol (TC), TG, low density lipoprotein cholesterol (LDLC) , apolipoprotein BI00 ( ApoB,y, ) , prefl-
HDL, HDL,,, ApoB,y/Al and LDLC/HDLC were significantly increased in MS (P <0.05 or P <0.001). Meanwhile, the
concentrations of HDLC, ApoAl, HDL,, and HDL,, were significantly decreased in MS (P <0.05 or P <0.001). The con-
tent of preB1-HDL, HDL, and HDL, were increased, while the HDL, and HDL,, were significantly decreased, with the in-
creasing of plasma TG levels in MS. Conclusion HDL subclasses distribute abnormal in MS, the content of pref31-HDL
and HDL, were increased, while HDL, and HDL,, were significantly decreased in MS.  The levels of plasma TG may be

one of the influencing factors of abnormal HDL subclasses in patients with MS.
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BEA NATAETE K B4 8, G £ 45 1 AN 7 2 2
U BB B A 0 N ) 9D AR 255 AIE (metabolic
syndrome , MS) [ & F B TR, MS J&—d LAY
WAL R AR A RE A, AL 45 PO MRS B BRI R
HEHT (insulin resistance, IR) | 5 H ¥l = B MLAE | /=5 10
JE W i S H B 2 BUBEIRIE (type 2 diabetes melli-
tus, T2DM) A5 JRase i PR 28 5 B e PR 3 L[] 1
S A5 A A U 09 R R A AL AN TS R, X
SRR ZEFLAE A O ML 9% (cardiovascular dis-
eases, CVD) MG 5 LM THE >, &% AR
FH (high-density lipoprotein, HDL) S IV —Fp
WL R NS D RER A Y — iR H, B
A B EIS K FEME AL (atherosclerosis, As) TEH,
FHXUa LUK AT K HDL UK 4% B AR K/IN53 preBl -
HDL, pre@2-HDL, HDL,, . HDL,, . HDL,, . HDL,, /&
HDL,, W2 BP0 & 8L, & H il = BRI 2 MS
HR R DL I R R B )2 As B, I
5 HDL ARG SC R BT, A S 56 5% UL [ Fig Tk 45
ERPEENETE AT MS L L3 HDL W25 1 5
Hih =88 (triglyceride, TG) /KFZHF KR, MR
W MS By A bl S AR

1 W&REFE

1.1 HRXHR

HMAETERFWEE —ERRKDEH MS %
129 ], P48 60.2 +11.2 %, P& 41 99 7], F
HEH61.1+12.8 &, A fi#E <6. 1 mmol/L TG <
1.7 mmol/L, FiHZRFHHRAERTHME ™
ER e N R R AN e e
2R i o SN e NS S AN I TR
o RAE 2007 S£(FE KA MR EHEEE)E
2004 fF A E F L0 KR 22 (CDS) #E W A4k b
BATEHM MS AR RS U T3 HAES A
HHMS AF4. (1) P OMEE. FHEER >0
em, L HEEE >85 em; (2) TG K FFEH . TG=1.7
mmol/L; (3) & % & Jid & & JH E B (high density lipo-
protein cholesterol, HDLC ) [ {&. HDLC < 1.04
mmol/L; (4) it JE 7% :BP=130/85 mmHg; (5) %
JiE i ¥ (FPG) 7+ : FPG=6. 1 mmol/L, 5 ¥ 71 77 &
2 h fLAE=7. 8 mmol/L, A ¥ FA &£, RFRHER
THERFREE R L HE, A ET B KL
WM A E RN, 5 R LR EIT A
BRES,

1.2 M3

ZREEM12h B, R
a8 A, IR o A
E#pEamME, 7 —#
HDL T %
1.3 IMAEREHBEE BRINE

m¥ TG, ¥ FE H B (total cholesterol, TC) .
HDLC (K% & Jif & & 2 E B (low density lipoprotein
cholesterol,LDLC) # flf % & A I (apolipoprotein A-
I,ApoA 1), # Jig & & B, (apolipoprotein B, ,
ApoB,,) S EH KA 2 8 20 £ 244 (Olympus
AU 400, Japan ) # AT & ,
1.4 SREEEXEN HDL TFE

K A R 1h W dk- %6, 9% B AR I HDL & 32 2% 09 A6
MR KIE Y HDL & T XA E 44
Bl vEFE & B ApoA [ A&, B 4 HDL 4 T £
WeE,
L5 SitFaE

B2 SPSS18. 0 Pk #AT SE T 247, 04 P =5
F &, 48 £ 5 & |l One-way ANOVA X LSD-t #
B, ANERERMARARAELLAERAME S T
2 AEINET i

# EDTA %% L 3 ml,
K H, — T g
-80°C 7, A T4l

2 % R

2.1 MSEHEHDLIREE MERZEEASE
5%F B 2H e g, MS 21 Hp I /N FURL Y preBl -
HDL HDL,, & & A &% TC TG . LDLC , ApoB,, 7 i }
LDLC/HDLC il ApoB /A T B HAE) B e (P
< 0.05 3¢ P < 0.001) , 1 KUK # HDL,, A1 HDL,,
B U S/ NBURE ) preB2-HDL  ApoA 1 \HDLC 5 &
BEREL (P< 0.058 P< 0.001), £ MS HBH
PP LA I 25 6L LA S I 2% HDL 7 28 Uk A/ At
W/ NER(FRT)
2.2 AR TGCKET MS £#& HDL TEAMR KRS
2 1 AT, MS 20 TG /K% % B4 g 2% T
=, HIE0m T8GR 3 4%, 8 T 3 — 240 i ARl TG
JKEXT MS B HDL WE S 21 Bl M 7 i AR A i 52
AR ATP-TISCAES) 4% MS S F # M TG (i
Ay R4 4 BTG < 1. 69 mmol/L 2H 1. 69 mmol/L<
TG < 2.25 mmol/L 41 .2.25 mmol/L < TG < 5. 64
mmol/L ZH 1 TG =5. 64 mmol/L #H, Z5R LM, 5
X REALAA L, MS 2 /NFURL Y preB1-HDL 75 2 il &
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TG ¥ BE 1Y 4 v 1 328 7 iy, 1 K 0RE %) HDL,, M
HDL,, & s & Wb, 76 MS &, 5 TG < 1. 69
mmol/L %8, 2. 25 mmol/L <TG < 5. 64 mmol/L
A TG=5. 64 mmol/L £ preB1- HDL & & i 3 4%
A0 HDL,, % 5 7F 1. 69 mmol/L<TG <2.25 mmol/L
H .2.25 mmol/L <TG < 5.64 mmol/L 2 X TG =
5. 64 mmol/L 4L Y38 T, 1 HDL,, & & ¥4 5 35 PR s
b2 51,69 mmol/L<TG <2.25 mmol/L 4 L5, TG
=5. 64 mmol/L 4 prepl-HDL & & @ F P8, 1M
KBORLHY) HDL,, &b, DL B 45 148 /R7E MS &
# v HDL R 3% TG KA T, IR A /)N
PIRERTE R E(F2),
2.3 MSEEHDLIERESEEME . HEEARE
ftt S E AR X S

FEES TIPS AR R 00T, 2K HDL 45 W28 &
w5 TC TG ,HDLC ,LDLC , ApoA I F1 ApoB,,, & &
AR G A A 45 R R, 13K TC & & 5 HDL,, |
HDL,, S 1EAIZE (P <0.05) , I3 TG &85 prepl-
HDL 2 IFEAM¢ (P <0.01),5 HDL,, \HDL,, /K%
AR (P <0.01), I3 LDLC & &5 HDL, & 1F
(P <0.05), I3 ApoA I & & S5HTA KT

R 2. FF TG kK FT MS &M HDL TEEWESE(mg/L)

BEIEME(P <0.01), I3 ApoB,, & &5 prepl-
HDL £ 1EA15¢, 5 HDL,, \HDL,, \HDL,, ,HDL,, 7K -

BERAE(P <0.05 8 P<0.01;%3),

R 1. HDL T3 HIEEORMESE (x £5)

Table 1.

apolipoproteins and lipids (x +s)

Concentrations of plasma HDL subclasses and

S YTHRZH (n=99)  MSZH(n=129)
Pref1-HDL( mg/L) 80.6 £16. 8 103.8 +27.9"
PreB2-HDL(mg/L) 73.8 £23.0 65.5 £21.7"
HDL,, (mg/L) 84.0 +30.7 89.2 +40.0
HDL,, (mg/L) 133.3 +40. 3 174.5 +53.5"
HDL,, (mg/L) 248.2 +81.4 259.5 £71.6
HDL,, (mg/L) 284.4 £59.1 225.2 +51.3"
HDL,, (mg/L) 380.8 +77.6 211.5 +69.5"
TC( mmol/L) 3.87 £0.61 4.57 £1.04"
TG ( mmol/L) 0.96 +0.32 3.10 1. 59"
HDLC ( mmol/L) 1.19 +0.29 0.87 0. 17"
LDLC( mmol/L) 2.46 +0.60 3.09 +1.02"
LDLC/HDLC 2.21 +0.78 3.91 +4. 16"
ApoA 1 (g/L) 1.30 £0.22 1.13 0. 22"
ApoB,, (/L) 0.58 +0.16 0.75 +0. 31"
ApoB, 4,/ ApoA 1 0.46 +0. 15 0.71 0. 50"

al P< 0.05,bRP< 0.001, 5% R4 L4

Table 2. The concentrations of plasma HDL subclasses according to TG levels in MS(mg/L)

TG <1. 69 mmol/L 21

1. 69 mmol/L<TG <

2.25 mmol/L<TG TG=5. 64 mmol/L 4

HDL A3 FAL(n =99) (n=10) 2.25 mmol/L 4 (n=30) <5.64 mmol/L 4 (n=79) (n=10)
Pref1-HDL  80.6 +16.8 86.3 +15.2 101.5 +25.1" 104.4 +27. 8" 123.4 +36. 6"
Prep2-HDL  73.8 +23.0 64.9 £10.6 77.3 £24.2 61.3 £19. 4" 64.7 £28.3
HDL,, 84.0 +30.7 91.8 +30. 4 94.8 +37.3 85.4 +40.4 99.3 +£52.2
HDL,, 133.3 £40. 3 135.8 +42.0 171.4 £54.3"™ 180.2 +51.5™ 177.7 +67. 1"
HDL,, 248.2 +81. 4 206.6 £76.9 274.3 £57. 8 255.5 £67.4 299. 8 +105. 3"
HDL,, 284.4 £59. 1 254.6 +40. 5 235.3 £51.5" 221.5 +50.6" 195.2 +50. 8"
HDL,, 380.8 +77.6 302.2 +119.5" 222.5 +69. 1" 198. 0 +49. 4™ 194. 4 +80. 2"

a I P<0.05,b° A P<0.01, 5% A HE ;¢ A P<0.05,d N P<0.01,5 MS H#& TG < 1. 69 mmol/L 41 t#;e A P <0.05,f 5 P<0.01,5

MS HE# 1. 69 mmol/L<TG <2.25 mmol/L 4 I13%

* 3. MS £& HDL FREXMNSE5MAE R MS ESE A X ED T

Table 3. Correlation coefficients between the relative contents of HDL subclasses, lipids and apolipoproteins in MS

% Pref1-HDL  Prep2-HDL HDL,, HDL,, HDL,, HDL,, HDL,,
TC( mmol/L) 0.143 0.013 0.195* 0. 210" 0. 065 -0.019 -0.086
TG ( mmol/L) 0.229" -0.104 0. 094 0. 098 0. 141 -0. 306" -0.307"
HDLC ( mmol/L) 0. 161 0. 093 0.103 0.018 0.108 -0.080 0. 087
LDLC( mmol/L) 0. 050 0. 026 0.153 0. 180° 0. 003 0. 087 -0.007
ApoA 1l (g/L) 0. 699" 0.724" 0.356" 0.622" 0.727" 0. 700" 0.614"
ApoB,, (g/L) 0. 208" 0. 061 -0.014 -0.183" -0.228" -0.299" -0.253"

a} P<0.05,b K P<0.01,
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2.4 MS EBE TG 5Mm3 HDL TR STkt E
VA5 H

PLTG S AR AR R (YY), &K M 46 45 o0 H AR
HEOX) EESZ A5 R AR R0 3% K R ik
B 5 (%) bR i, 28 3 T i 9 BE $E, Prepl-HDL,
HDL,, \HDL, ARIKFEA T, Fris 2 etk mle )y

KEER =0.490, L5 ZRH R =0.240, F =
13.179,P <0.001) , [IE 7 FEEM: C R B %, TG
5 preBl-HDL 5 & # EAHSE (P <0.01), 5 HDL,,
HDL, 2 B F MM (P <0.05 8, P <0.01), 454
ELZR M OGN 22 0 4 81 IE 43 M R B, TG X i %%
HDL W& BB AR RIS (£ 4)

FEH Y =4. 044 +0. 021X1 0. 009X6 — 0. 005X7 (

F4.MS E¥E TG 5M% HDL T3k MEESHMZ L& EE D
Table 4. Multiple linear regression analysis among TG and the contents of plasma HDL subclasses and biochemical parame-
ters in MS

HAE G (CICVEES QRN CITE S (L7l AP AN A TV B ¢ ¢ {d P
HHON - 4. 044 0. 642 - 6. 302 0. 000
PreB1-HDL X1 0. 021 0. 005 0. 365 4. 454 0. 000
HDL,, X6 -0.009 0. 003 -0.291 -2.983 0. 003
HDL,, X7 -0.005 0. 002 -0.221 -2.317 0.022
TN MS B Rl 3K HDL V2705 S 4 e RE | 13

MS U IfiL 7 952 975 IV PR s 1 32 22 fa s TR 3%
P U NSRS L H TG K1 v Nk B
M) AR (0] - A5 212 AL, B AT TG 7K
B R 2 R0 B R A R TR fa e R 2 3R]
ViR TR O A S7 B R O T LAE 9 &
RERE TR G Y s R I AE A it -Cod | v I 1 2 I =5
I =R IR B PR S5 AR S 09 13K HDL W26 4y
i A R LR A7 A AR RV RE B G S )
J=Xr N =E- 05Uy SN Uik A 0) preB1-HDL  pref2-HDL
HDL,, . HDL,, . HDL,, & & A5 XF F & 1 K kL 1y
HDL,, \HDL,, & AR X /0, #8878 HDL 114 i 2R 15
ZBH, M T HDL 2550 As BYTIRE, X Lebf ot 45
RA&7R  HDL X0 I8 R G20 PR 374 115 HDL 7
L A IR K /N B I 2K A o R BT AR O
HDL MV 287317 55 & 2 B JH [#] 55 3% [ 5% 32 (reverse
cholesterol transport, RCT) Fafitt, il BEJ& T3 As &
AEMEERRHZ —,

AWFFENT MS B 13K G 5 o i Je kB,
5t B AR t, MS 8 & I 3 TC, TG, LDLC |
ApoB,y, . pref1-HDL 1 HDL,, ¥ # & LDLC/HDLC
1 ApoB,oo/A T Y FLAF 2 B 1 =i (P <0.05 5 P <
0.001) ,1f HDLC ,ApoA I .HDL,, #1 HDL,, ¥ i . 3
B (P <0.05 B P <0.001) , 3278 MS B E &P 1M

Bt & HDL W28 4315 S8 . IE# 1) HDL W24y
fi%tF HDL 9Bt As ThAE & RCT AEH HE 1

/N RCT AR5, HDL Bt As REJTREAIE.
MAEZEFLAAE MS B — A FZRHE, B
S ORI TEARSE T MS BAT MK TG &%
BRESTXMA, 5 Gulean 25" BFFT 45 B I A
—E, W, 8 T 250 MS E AR TG KK
5 HDL MR G F AW T 45 R o , BE A& 1K
TG 8 #11, /NBUR: preB1 HDL 5 it 7547 11
HDL, & HDL, 7 [, Tk WURCY HDL,
S HDL,, & fZ Wi /b, X Se8fhfa $ 3R W e MS
BA I TG M THE AT A5 HDL .38 531 57
AICHR . ML TG & 5 i Tt i ] 5 | 362 O e i JIE [ e
it FL %% % B ( lecithin cholesterol acyltransferase,
LCAT) 58 & ARG (lipoprotein lipase, LPL) 15 P
AR N T ERE (hepatic lipase, HL) 3 7+ & , LCAT
SR 2 AE [ B R AL ) SC B, {f HDL 28 prel-
HDL—HDL3—HDL2 ) 72 7 i i 72 F s 1%
LCAT 75 Pk REAIR 2 30 HDL Al 2432 BE A T 1 /)N
KLl HDL K- Fh g, I LPL 3 4 4 B AR 22 o
& TG BN BE SR #E 1 (very low density Lipopro-
tein, VLDL) % FLEE KL ( chylomicron, CM) 43 fi# AR
g 1e s AR ApoA T KWilG25 /b,
A RURLIY HDL2 & iU /b . 3% HL 22
B TG IR BURL HDL 43 fife A 0 il , 3 4 1 48 o
SCATE UKL HDL2 56725 HDL3 , [a] i A0RE Y
HDL2 H1#) ApoA T 1B IR A3 1 i 72 & 1/ IN FkiL
9 pref1-HDL, 3 F TG ZHF 7510 MS 1%, H
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HDL 25 1 43 A1 4 & /N B0RE HDL 7 2 B I 4
Z MUk HDL V.28 B 8 yd />, 2 B prep1-HDL
—HDL3—HDL2 ()2 R i R A2 B, 3 8% §: 3
HDL A [ 3 1) 2 328 4 FH 980 55, 2 30 Ay JIRL il P
5PN B A 6 A AR R A O B, S 4 S B
As PO MBI FAF R R A

AR R AT A U8 2 R R, HDL 2853
it w e S8 VD KA EEFREK 22—,
HDL 253475 21 ok 3 23 AH 56 28 11 P 0 g 1) 4
AR HAEMUAR N A S S PR . I3 TG Ky
T IR 25200 HDL 31 As fE f1 . TEHERRYER] 4F
WA SZI T A SCHE 3 A R B I TG \LDLC , ApoA
I . ApoB,,,Z /K15 HDL W2 A6, i 2o 4h SR 41
7N MS J& Z R R o 7 I A RS 53R
WR—Ff 53 AE B 4252 M HDL 028 B9 40 A 5 0 i A
FrfE—2 0%
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