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[ ABSTRACT ] Aim To investigate the association between high density lipoprotein ( HDL) subclasses and plasma
cholesterol concentration in metabolic syndrome (MS). Methods Concentrations of plasma lipids and the apolipopro-
teins were detected by automated biochemical analyzer, HDL subclasses were determined by two-dimensional gel electro-
phoresis associated with immunodetection.  According to the Chinese Adult Dyslipidemia Prevention Guide, the MS sub-
jects were divided into three groups of total cholesterol (TC) <5.17 mmol/L, 5. 17 mmol/L<TC <6. 21 mmol/L, TC=
6.21 mmol/L. Results Compared with their counterparts of the control, the levels of plasma fasting plasma glucose
(FPG), TC, TG, low density lipoprotein cholesterol ( LDLC), apolipoprotein B,y ( apoB,y, ), preB,-HDL, HDL, ,
apoB,,/Al and LDLC/HDLC were significantly increased in MS (P <0.05 or P <0.001) , the concentrations of high den-
sity lipoprotein cholesterol (HDLC) , apolipoprotein AI (apoAl), HDL,, and HDL,, were significantly decreased in MS
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(P <0.05 or P<0.001).

creased significantly, with the increasing of plasma TC levels in MS.

The content of pref,-HDL and HDL,, were increased, while the HDL, and HDL,, were de-

The decreasing of HDLC levels and (or) the in-

creasing of LDLC levels make the plasma HDL subclass abnormal, what’ s more, the abnormal HDLC content played a

stronger role; when both of them are abnormal, the content of small particles pref; -HDL have increasing trend and the con-

tent of HDL,, have decreasing trend.

normal HDL subclass distribution analyzed by linear correlation and multiple regression analysis.

The levels of plasma TC, HDLC and LDLC were positively correlated with the ab-

Conclusion The

plasma TC level may be related to HDL subclasses distribution abnormality in MS.
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0.001), AT 4rHr TC FHEXF MS Hi# HDL W35,
AR 1 R m g & R, MS B 2K TC
Ve B i v R A I S B R e A =4l B
TC IE# LB 4. TC <5.17 mmol/L.TC I ATt 5
2H.5.17 mmol/L<TC <6.21 mmol/L .TC F} & 4.
TC=6.21 mmol/L, Z5R &M, SXF AL, A
3% TC KFH T4, MS H#% HDLC | LDLC & &%
Wi, ES ARSI R, 5 TC @ E g

L, TC G AT+ 4 MS #4& FPG ., TC TG .LDLC ,
apoB o, & preB,-HDL HDL, .HDL, #l HDL, % &
7 (P <0.05) ,HDLC ,apoAl .HDL,, #1 HDL,, & &%
it (P<0.05) ;5 TC I AT+ 4l A H, TC T s 4l
MS H:# FPG.TC . LDLC . pref,-HDL  HDL,, 7% & J}
(P <0.05),apoAl FHEFEML (P <0.05), /xR
MS B IMIE TC ¥ B T+ w5 5 B8 B AR 25 0 L A
K HDL AR NEDIAHE (£ 1),

F1. RESESEEENRZEERESES HDL TX HEEARMERE (x £5)
Table 1. Concentrations of TC, HDL subclasses, apolipoproteins and lipids in MS (x +5)

B RBZR &4
£ =R 71 Xt HRZH (n =87)

BABE(n=204) TC<5.17(n=139) 5. 17<TC<6.21(n=42) TC=6.21(n=23)
pref, -HDL (mg/L) 86.2 £21.8 101.5 £31.2° 96.3 +29. 8" 117.7 £29. 8 103.5 +33.2"
preB,-HDL(mg/L) 77.8 £24. 1 64.8 £22.8° 63.8 £22.3¢ 68.8 £21.9" 64.0£27.6
HDL,, (mg/L) 86.4 £28.8 90.4 +43. 1 85.6 +38.9 109.9 +53. 1 84.4 +38.8"
HDL,, (mg/L) 143.6 +40. 1 171.5 £55.2° 165.9 £52.2° 194.1 +59. 9 164.2 +55.2"
HDL,, (mg/L) 256.8 +77.6 249.5 +68. 8 244.8 +70. 3 276.7 £66.1° 228.8 +50.7"
HDL,, (mg/L) 287.9 +60. 4 232.3 +61.4° 228.3 +57.2° 248.8 +73.7° 226.6 £59.2°
HDL,, (mg/L) 386.4 +81. 1 215.5 +70.5¢ 216.0 +75.0° 216.2 +58.3° 211.0 £65. 4°
FPG( mmol/L) 5.61£1.97 9.17 £4.18° 8.94 +3.81° 11.00 5. 174 7.18 +3.07¢
TC( mmol/L) 4.05 £0. 64 4.73 £1.14° 4.14 £0. 69 5.54 +0. 28" 6.85+0. 81"
TG (mmol/L) 1.00 0. 41 3.11 £1.64° 2.90 +1.43° 3.78 £2. 04" 3.18 £1.78¢
HDLC ( mmol/L) 1.34 +£0.22 0.90 +0. 23° 0.85+0.21° 0.94 0. 13 1.09 £0. 37"
LDLC( mmol/L) 2.50 +0. 61 3.16 0. 97° 2.70 0. 63° 3.87 0. 42¢ 4.60 +1.17"
LDLC/HDL-C 1.92 +0.56 3.61 +1.03° 3.29 +0.90° 4.20 +0.72¢ 4.46 +1.27¢
apoAl(g/L) 1.34 +0.22 1.13 £0.25° 1.10 +0.24° 1.23 +0.29* 1.10 0. 219
apoB,y, (g/L) 0.61 +0.18 0.77 0. 31¢ 0.73 +0.25¢ 0.90 0. 46 0.78 £0.20"
apoB,q,/apoAl 0.46 +0. 16 0.79 +1.02" 0.79 +1.15" 0. 83 +0. 80" 0.73 £0.23

ayP<0.05, b P<0.01, cHP<0.001, 5 MALI; d N P<0.05, e HP<0.01, fHP<0.001, 5 L5 S M4 TC <5. 17 mmol/L
LA ;g M P<0.05, h 3 P<0.01, i A P <0.001, 50L& HE4 % 5. 17 <TC <6. 21 mmol/L 20 H 45,

2.2 A[E HDLC iRE TRIFLEEIEEREF M HDL
TERAKRRESEWETN

H138 1 AT, MS AR TR L, TC & R 1]
4R E TR  HDLC & 5 FEAK, Ak —20 4081 MS &
#H HDLC & iS5 HDL WAl Je & b C R,
ARWFFE MS H &+ HDLC &4 W2, HDLC [
{40 ( HDLC < 1.04 mmol/L), HDLC 1E % 4H
(HDLC=1.04 mmol/L) ., 4% & B, 5 X} I8 4H 4H
e, MS B AR (9 preB,-HDL HDL,, & & J} &
(P <0.01), preB,-HDL  HDL, 1 HDL, & & %1
(P<0.01);MS ## HDLC iF % %1 HDL,, & & T+
i HDL, B K (P <0.01), 5 HDLC F&AK4
AHEE ,MS B3 HDLC IE# 20 HDL,, 1 HDL,, & &
A (P<0.058 P<0.01;%2), I ESSREY, 7
MS f83# H HDLC /K-8, HDL 2 09 431 5
3

% 2. AE HDLC RETRIFLEEMESEEME HDL T X
Axt & EHEE (mg/L)

Table 2. The concentrations of plasma HDL subclasses ac-
cording to HDLC levels in MS(mg/1)

U A R4
HDL 7% HHRAL HDLC < HDLC>
(n=87) 1,04 (mmol/L) 1.04 (mmol/L)
(n=177) (n=27)
preB;-HDL(mg/L) 86.2 +21.8  102.4 £30.9*  95.8 £33.2
preB,-HDL(mg/L) 77.8 +24.1  63.8 +22.5" 71.6 +24.0
HDL;, (mg/L) 86.4+28.8  89.6+43.4 96.1 +41.3
HDL;, (mg/L) 143.6 +40.1 170.0 £55.1°  181.4 +55.7°
HDL,, (mg/L) 256.8 £77.6 249.0£70.7  253.1x55.6

HDL,, (mg/L) 287.9 +60.4 226.5 +58.7*  270.1 +66.7°¢

HDL,, (mg/L) 386.4+81.1 211.0 £68.6" 244.9 +76.8%

a A P<0.01, 5% A LLE b A P <0.05,¢ 7 P <0.01, 50
AAFE4 T HDL-C < 1. 04 mmol/L 4 4%,
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2.3 A[E LDLC METRSESEEZ MR HDL
TRARKREENTL

BT MS 3 LDLC & &5 HDL 24507 1
KR AT MRS o RN LG S B iR iE
B MS ALK LDLC W M Wi4 . LDLC 1%
JEFE4 (LDLC <3.37mmol/L) ,LDLC FHiE 4 (LD-
LC=3.37Tmol/L) , &4t 50 & B, 5 X5 M4 A
He, MS Hi & preB,-HDL HDL, & & ¥ THE (P <
0.01) ,preB,-HDL  HDL, 1 HDL,, % & &% (P <
0.01) ;5 MS 3 LDLC IE# {5 BI40AH e, LDLC Tt
=4 prep,-HDL HDL, & & Tt (P <0.05 3% P <
0.01;%3)

®3. AFE LDLC RETRSLESERZF MR HDL T
B EEMEEE (mg/L)

Table 3 . The concentrations of plasma HDL subclasses ac-
cording to LDLC levels in MS (mg/L)

RIFLEEIEAL (mmol/L)

; Xt IRE
HDL 2% (n=g7)  LDLC<3.37  LDLC>3.37
(n=124) (n=80)
pref,-HDL(mg/L) 86.2 +21.8  96.6 +28.6*  109.1 +33.7*
pref,-HDL(mg/L) 77.8 £24.1  62.9+20.1°  67.8 £26. 3"
HDL;, (mg/L) 86.4+28.8  86.6+38.9 96.4 +48.6
HDL;, (mg/L) 143.6 £40.1 165.2 +48.4" 181.4 +63.3"
HDL,, (mg/L) 256.8 £77.6 244.5+66.3  257.3%72.3
HDL,, (mg/L) 287.9£60.4 229.1%54.1° 237.2+71.4°
HDL,;, (mg/L) 386.4 £81.1 214.9 +75.7° 216.4 +62.0°

a P <0.01, 5% A HE; b A P<0.05, ¢ P <0.01, 510
A4 H LDLC=3. 37 mmol/L 4 L%,

2.4 MS #E¥E HDLC 5 LDLC EE WL 3T prep, -
HDL % HDL,, B 0

& 1 A%, FEAAIR B HDLC ZKSE R, B LD-
LC /KT, MS B2 preB, -HDL &5 2 5L 808
(k% 7E A ) LDLC ZKSF T, HDLC F#fIR41E) MS
B preB,-HDL &&= T HDLC 1E% 4 & & H%
AGit2ER, $on MS B KB HDLC i
KB LDLC #RAESE WA 3% preB, -HDL 1) 75 &, If:
H Y= F R R S5 B /NSURL ) preB, -HDL 34 i
LR

& 2 1, 5 LDLC 1 HDLC ¥J1E % ) MS &%
HH L, HDLC F& {41 JCie LDLC & & 2 15 5 %,
HDL,, &3 B> (P <0.01), MS HB#HEH
[ LDLC /K3F T, B HDLC /K (AR, K kL
() HDL,, 2 LA A E (P <0.01) .

=HDLC=1.04
iy =HDLC<1.04 _
> 120¢ -
S / =
= 100¢ g
[a) / e
L [ o
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P
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1. RiESESRSE LDLC 5 HDLC 2 EM T L3t
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Figure 1. The contents of pref,-HDL according to LDLC
together with HDLC levels in MS
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2. Rt AMERSE LDLC 5 HDLC S 20T 43t
HDL,, B9 &0 a i P<0.01,%5 LDLC <3.37 mmol/L H HDLC
=1. 04 mmol/L 41 42 ;b 2k P <0. 01, AR LDLC 7KFF HDLC 4441
[i) L%

Figure 2. The contents of HDL,, according to LDLC to-
gether with HDLC levels in MS

2.5 RifEA1EEE HDL TR MAER Hit S
KR X5 1T

FERS IR AR A O B R B MS B
FPG TG &#&5 HDL,, & & & A& (P <0.05 1§
P <0.01); I3 TC % &5 preB,-HDL HDL,, & 1E
M (P <0.05 8 P <0.01); M3 HDLC &# 5
HDL,, \HDL, /K P2 IEASE (P <0.01) ;1% LDLC
&5 preB,-HDL, HDL, HDL, % 1EAH % (P <
0.05 3¢ P<0.01), Ifil3% apoAl &5 A iy
BIEMK (P <0.01), I3 apoB,y, ¥ &5 prep, -
HDL . preB,-HDL  HDL,, . HDL, . HDL, .HDL,, /K ¥
BEHMFE (P<0.058 P<0.01), DL E45RH
FW, MS B & L% TC TG HDLC,LDLC & &5
HDL W2 A 3 UIAH O (£ 4) o
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& 4. RIGGEAMEERE HDL TXEX S BS5 MAE R Etb S HHHE X E ST

Table 4 . Correlation coefficients between the relative contents of HDL subclasses and lipids and apolipoproteins in MS

SR preB,-HDL  prep,-HDL HDL,, HDL,, HDL,, HDL,, HDL,,
FPG ( mmol/L) -0.100 0.034 0.012 -0.029 -0.057 -0.015 -0.159°
TC( mmol/L) 0.219" 0. 102 0.124 0. 173" 0. 085 0.079 -0.012
TG (mmol/L) 0. 108 -0.071 0.051 0. 097 0.091 -0.046 -0.250"
HDLC ( mmol/L) 0. 040 0.122 0.010 0. 045 0. 063 0.251" 0.290"
LDLC ( mmol/L) 0. 188" 0. 129 0. 143" 0. 168" 0.077 0. 064 0.014
apoAl (g/L) 0. 605" 0.682" 0. 460" 0. 654" 0.725" 0.710" 0.587"
apoB g, (¢/L) -0.148° -0.242" -0.029 -0.168° -0.245" -0.240" -0.247"

a/m P<0.05, b#m P<0.01,

2.6 RiftEAMEEE TC HDLC,LDLC 435 M ¥
HDL TE M & m & 1 mIF 547
PLTC,HDLC, LDLC & &4 AR A i (Y),
HDL LA {48 & (X)) @7 B I #2, DA
U ZRERGR B 3E K T b B8 O B (W A i, 280 A ik vk
EE, DL TC IR A5 (Y), preB,-HDL #F A5 2,
JIrAg Z ot R 7 #°8 Y = 3.920 + 0. 008X1,
AT BRI R R =0.219, ik E RER? =
0.048, [m] 9 77 F2 /9 i ZF MK 5. F = 10. 200, P =
0.002; Lk HDLC A4S & (Y), HDL,,  HDL,, #f A

TR, i Z s &R IH T BN Y = 0.626 +
0.001X6 + 0.001X7, [R5 5 A LR R =
0.311, 745 2B R® =0. 097, [0 )5 )57 T 1) 5 k46
5 .F =10.743,P =0.000; LA LDLC MR 25 & (Y),
preB, -HDL #E AT, firff ZoeZe A RN Y =
2.567 + 0.006X1, [AIH 7 FEAYAHOC R AL R = 0. 188,
POERB R =0.035, [mH 5 RE A B E AL . F =
7.429,P =0.007,, 454 EHZAM M Z o4 vk BIH
S22 W], TC . HDLC . LDLC X7 Ifil 3¢ HDL V2% & &
BB AFHPE(FRS) .

% 5. MS #% TC.HDLC.LDLC 435513 HDL XS & Tt E 3547
Table 5. Multiple linear regression analysis of TC , HDLC and LDLC compared with the plasma HDL subclasses parameters

in MS
Jof AR b AAS ity WEERE FUHRPOERER PR R EIE R ({8 P
TC g 3.920 0. 266 - 14.726 0. 000
preB, -HDL X1 0. 008 0. 003 0.219 3.194 0. 002
HDLC BB 0. 626 0. 064 - 9. 809 0. 000
HDL,, X6 0. 001 0. 000 0.218 2.742 0. 007
HDL,, X7 0. 001 0. 000 0. 133 1. 665 0. 098
LDLC HRI 2.567 0.227 - 11. 304 0. 000
preB, -HDL X1 0. 006 0. 002 0.188 2.726 0. 007
3 W B R FH R Ta] B, K -6 8 B0 32 X6 204 5] MS £85Il 2%

MS S8 IR R R BN 0 2 As BY G I
R0 Al 0 LA R FTOBE DR 6 A I PR i 25 R
AL B RYAZ AR R B HEPL (insulin resist-
ance, IR) 7' TR W[ LL5I MM f§ X &L, 41 TG, TC,
LDL /KTt &, HDL /KT B, A WF5EEs i, 1 3E
TC MEJE As BINIRIT A S % 545, LDLC /&
I AE S BiiG R B E 5 bR, 1 H HDL 76 JH [H BEA
wrh B EmEAER  HDL W20 A5 54 v] BB H 55
Wi As B9 KA R ES . AT WEE MS BE TC,
HDLC \LDLC &5 HDL W2RH W% &R, ABF5E

HDL WA T AT, 45 SR & B, MS 1B 35 /NBRE
¥y preB, -HDL ¥ B & 3% # J1, ifi K URLAY HDL,, |
HDL,, W 0 208 /0 . s R 5 ST | 2otk etk
kA REN | H IR S ER RE e R U A
BE MY HDL R i # A —5, $#75 MS
S35 HDL B0k A A2 /N fa 35 HDL il s A il ik 7 ]
ABAZPH, MS HBAEBE A 3K TC /KF 1 T, FPG |
TG .LDLC ., apoB,, . apoB,,,/Al Fl LDLC/HDLC H.{&
Ke/NJSURE ) preB, -HDL A1 HDL,, 75 2 /K - 52 58 i
1 3K HDLC  apoAl IR URL ) HDL,, A1 HDL,, %
GG RR MS B K TC W E T 5
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TG ZEEL LA R 1M HDL 3V 2 0k /N 35 Y0 AH 56
L PR AT B RIE [ TC K S T £33 B AE [
[ fiE %% iz 85 H ( cholesteryl ester transfer protein,
CETP) 1EPERHE AN, I CETP AT HE KWk Ay HDL
e & TG BR& 1 Z (B IH [E B A TG 1Y 28 8 [F] i A=
B/INURL Y HDLC

Rt — R MS B 12K HDLC |\ LDLC 7% &
5 HDL W2 RO R  F MS % HDLC & =
43>k HDLC 4538 70 i 40 F1 HDLC &M% 4H , #%2 LDLC
i LDLC A 3G 5 41 A LDLC T i, iF
FAR IR, HDLC FERAT (5%) LDLC Ft&hT,
MS 351 HDL 2R AAAE A [R) R BE A9 S8 1 H MS
BT HDLC 7K, HDL W2 6 40 A S35 b
. Y F RS R, Wt R LDLC KR Rm
FHDLC 7K F i BE AR, MS FB 25 1l 3% v /INSORE 11
pref, -HDL 3§ il 55 B &, ifii K A0RL A9 HDL,, A
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