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285 FR% (Type 2 Diabetes Mellitus, T2DM) 5.3 3 ik £ B4k 140 1L %9 (Atherosclerotic Cardio-
vascular Disease, ASCVD) R IERE R A BEIRT 2~448, FHH iR RE R P RBHIERSIFRZ —.
1% %% & f5 & A E [E B2 (Low-density lipoprotein cholesterol, LDL-C) B AASCVD XU 1A K% O, HRKE
BRI, #4T2DMEE BIELDL-CKFIER, T ER R ASCVDIRE KK . BEE % s & B 0F TC IR
N, /NI B4R 2 2 5 2 A E[E B (small dense low density lipoprotein cholesterol, sdLDL-C). fEEH
#HL(remnant like particles, RLP). % & fi§ & A (high density lipoprotein, HDL)Zh 8. f§ & A (a) [lip-
oproteina, Lp(a)] % 2L 5 B An 10 ¥ B s AL T4 G 6 4 I 3 ik OB B AR AL T 1B . AR X R E R
T2DM & & BB KR s B B WA 5 R U RAE —453E
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Abstract

The risk of atherosclerotic cardiovascular disease (ASCVD) in patients with type 2 diabetes mellitus
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(T2DM) is 2~4 times higher than that in non-diabetic population, and dyslipidemia is one of the key
driving factors. Although low-density lipoprotein cholesterol (LDL-C) is the core of ASCVD risk as-
sessment, a large number of studies have found that some T2DM patients still have a high risk of
ASCVD residual even if the LDL-C level is normal. With the deepening of the study of lipoprotein.
New lipid markers such as small dense low density lipoprotein cholesterol (sdLDL-C), remnant like
particles (RLP), high density lipoprotein (HDL) function, and lipoprotein(a) [lipoprotein a, Lp(a)]
have shown predictive value for atherosclerosis independent of traditional indicators. This article
mainly reviews the research progress of atherosclerotic lipoprotein subfractions in T2DM patients.
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1. 5|8

ASCVD 2 ¥E R B W FEAREABE T JFE R IR A 57 <39 in T2DM 38 K A4E ASCVD [ R,
PRGN BlE R 7038 % i B A2 2 i ST RN, I B 1 S04 23 7 o T B s DRI ) B S
Hi sz 20063, (VAP BAK I M A5 5 A5 8 F1 20 5y Je FLm PR B A o B 3882025 [R)Y IR A, =
W 3 ] 1 IR 28 23 s gk ANAREAL BT B, B B e Sbmic 04E T2DM AR BRI R LA S 6t 1 R
SCPE, ARk TR AH oy RS HE R AROIF A B — P ASCVD BB F IR FilE « A SOt kA K
T2DM £ [0S ik s A A A 2 L T IV 28 9 PO FF 78 3 i AT 4553

2. KR EFH MEER B IRARITIR

B PRI 2 — P ™ B s T N AR RS AR MR, 2022 4R & 2020 AEHAIR], ABREEIRF A A
BPHIE 5.89 105 8.28 (¢ /247, Hodh T2DM (5 ELAE 90%% 95% 2 [A][1][2]. H BT F& E & o it % T2DM
B AR L INE K, 4905 SEREE R BB 30%75 4 [3]. ASCVD A& H BRI i WL I RIERIBE T
JEIA, T2DM ANBERA: ASCVD (XU 2 JERE R N BER 2~4 15[4].

T2DM ¥ K4E ASCVD [ EA BN Z Z RN, b 7M. S, R RERAE.
FETF R R PEARRE JOE LA RO PRI P AR 5 4 SR E N (5] o L0 /B R H73 R %1 8 id(CCMR)-3B HF 74
/R T2DM 3 W& R AR 5 20 15 42% 0 A5 o B DRvE A6 38 ARk 2 2= KO IR A5 A8 g s 4L 3470 i At 280 2 9k
559, NI 51 SR AR R LG S . IR R 2 RSk IR TR S i, HEBh B KR ARG )
RBIEHEIN T R A AV A I ACRE AU, ASCVD K H T =i[6] [7].

T B R 5 B LG S I PR AE W 2 A 2 (6] HRHE(CCMR)-3B #F 58, T2DM B 52 g iA
ST LB 55%, 1 S JH [ B (Total cholesterol, TC) < 4.5 mmol/L. H i = (Triglyceride, TG) < 1.5
mmol/L. LDL-C < 2.6 mmol/L 1% EE gt A EEEE > 1.04 mmol/L [FR ik br i) &3 LB E 12%. K
BIREIT IR, BIf# TC. LDL-C i&hR, #57> T2DM 835548 5 m 60 I 2k A2 Uy, (R LDL-
C BEAREHBIRIR, (HARNAE A ME— A AR HE[8]-[10] K, Bl X HE B (B 78 R WTER A\ il sdLDL-
C. RLP. HDL BhRE. Lp(a)Z5 ¥ lghric 5 T2DM K ASCVD KM SRS T2 H0TE, bR
o3 £ I T B PR Y A R TR AR T BT 1 U
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Ji 5 R AHCHUE S T2DM (A% CoOi BRAE BENLH, 2R3N IR AR B A i & Ok A B 5 o I 3R )it (R
. EFRSRIRPURS T, IeTASRMAINE. LPL 35MEZ40 5 CETP A SRIG A Hunml, LA ¥iE
7 T2DM FEFFAEYE R B KR PR AL P 8 3 ——B4E TRL KHFRRI B . sdLDL A G2 . HDL
INRESZEE . N SOBVEIR % HE 2R (1 0 4070 78 Y 5 R 10 B AR ARk B LR AR 3 S

3. MAESEEERIES

MFE A TG JH B 88 15 A0iE 25 16 107 R 55 e PR o Il « M EIRERT TG M S A7 AE, FR 5| A
BERSSEEE G RIEE A e T MBI goa i 24N AR . AR E ST TG Al H[EH i
SEAR, rEdEEANMEMEEBAAEZER1]. BB ERAD, MR E B By 7L Rk
(chylomicrons, CM). A% & s 25 A (very low density lipoprotein, VLDL). H[&]%% FE JI§ & H (intermediate
density lipoprotein, IDL). 1% & i & 1 (low density lipoprotein, LDL). Lp(a). HDL. ', CM. VLDL.
IDL SiFR NS & H il =8 i 2% A (triglyceride rich lipoproteins, TRL) [12]. CM #&$i A1 VLDL ki & TRL K
IKAEF=H, PR RLP [12].

3.1. ERHB=EREERRERN
3.1.1. FLERRA

CM J2 ML Rk e ok B BE /NI EE B FE 25 N TG, CM 7+ 35 W A0 25 [l 26 s 24
WE R P NIk B, 20 S8 N MRAEPA[11]. CM ¥R BEF =1 BT B8 5 e i IfLE 1T BE 2 e O
RAEMGREER . BERARREZ AR LLR A IR I CM ok, XA Re Sk e i Aok .

3.1.2. MIRBEREARERK

VLDL AT 40L& BRI WL, & 7 TG ARG S B100, EZIhAER K RS R ik 22 41
JAHZUERE . VLDL 43y VLDL1. VLDL2. VLDL3 =AM %y, Hr VLDL3 X 4144 VLDL3a. VLDL3b
WA, EIEHATEET, RS RGESA INE TG BRI IR 25 6 7 R IR L, SR fE T2DM
B IR S AP RN, HUAGT R 8 25 0 BURVE B B R B, X PR ERIE S 38T TG BniE o
I H T2 (i 25 IR TR R e S AR R 1N & ik VLDL [RIoCER FURE,  HyR BE /) T i & B B it i am
Jfi& R VLDL [13]. [, JBEEy 2% VLDL BURLA RS 20 W iR ae /rikss, 143 K &% & TG 1) VLDL
PORCHEN LR, &S T2DM ABEHBUE TG IMUAE. 78 MAEIAN VLDL 3 B4R aE 5 14 5 Wi
(Lipoprotein Lipase, LPL){E /K fi#. LPL #fiE 7L BN 1IN R, SEAEEA C- 114 7 HuE
JE/Kf#E VLDL H BT &) TG, BRI Ui 25 i 07 R bt 5 2w VLR R I 107 4L S8R Y, 4 VDL SRz i
WifE . AR5 /N, TR VLDL 5ki[14]. BE#% LPL £F4E4EH, VLDL #E—35 2% TG FIEE 7 % M (i
WG, BIREE C), RINIRMEHIEED E, ¥4 N IDL [12].

3.13. hiEBEEER
IDL 434 IDL1. IDL2 B4, 29 50%4% ki S LDL 524k 8 LDL 524440 3¢ 8 A PO SIS B

Tl A 308 43 4k 4% P 17 B (Hepatic Lipase, HL)/Kf# N TG Fffig, Zidix— R4 M5 a6y LDL
[15]. JEEZFRAE T2DM B MR A2 R ¥ 6 QBT VR F o 16 5 3R e o a4t g 197 4H. 23 rh i
FURNENR DTG VE MR TG 40 fif, ARGt A7 RIS, JBR & 38 22 ik LPL i ME5E T 142
R FRIE, ik TRL B fAREE, (15 IR B TG /K- FRESS G P& M%. R RIALPLE T2DM i
0] LPL 35 PE I DML 16]. LPL 3G P23 13 TG M TRL KV % THE, TRL ARERE LPL 7850 7K
fige, MM F=H K& RLP. 1X4% RLP MR EARFEUN, (HE SIRE AN E A B, n BEIUR T s ke
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FEImRELC A R, LB S Ik AR AL NS T LDL [17]. AR, &5 M2 G K RLP-C
VLDL V.41 53738 A 7] 6 7~ e 5 76 oo AH DG B IR AR LA [ 18] 5K S AR5 191 I, RLP-C 1 LDL P nJ &
U £ {9 F AL TG AT LDL C K2l “ 1E% 7 # ASCVD & e NBE. — AT HEME RS 7L B, 78 T2DM
TR RS 2R I HAR R SR K PERRZYE G B, RLP-C KPR T i 7 23 S 3 G At AT T & A
AL UBE R RS [20] . H AT S B £ 24 i I BVE 2R OO RLP-C 49N T ASCVD f& [ P vt L,
H AR BBk FE AL 22 2 i O RLP-C ME— M EREEMA TH RN MEFREDH, HEEE5AT
ASCVD I Tipi 48 7g 2 1[21]. BE%F TRL S HBRRLFF @ RITR T, 6 TR B e 3 s ol = I e —
LT E . B RR, AREIR B TR, XHREE A (0 1s7903146 TT #54534) £ ) TRL
R R (22], R4k, ZRPEEE TRL AU K R A7V AL T IS PR AT &G PR FU B B, 7R
= ERIME K TRL /K75 T B H A 20k [231-[25]. BAHf TRL-C & RLP-C (T {E, A BT iR am
L& LDL-C #&#5{H TRL-C J RLP-C 3% f& T2DM 3%, A4 T K H 250 56

3.2. REEEEH

LDL 43N FHAT4: LDLI. LDL2. LDL3. LDL4 A1 sdLDL. LDL FukifE I 3% itk — 181 i
sdLDL, ZidFE 4. JH S EEES % F2 & 1 (Cholesterol Ester Transfer Protein, CETP)/ 1) TG & 4; HL /K
fift = 4 TG [t LDL, MEHARFUR/N, BEEHIN: G RAL . B SERiE e s s T L 53 ke R
FUERBEI 456 e 1 S REWE RE[26]. T2DM B E i AA4E TG /KF- T, {21 CETP /r 3/ LDL 5 TRL
Z B I g A #e, (% LDL F0RL A () fE B IR % TG BUR, AERE & TG 19 LDL $iki[27]; Bfij5, HL 7K
fifIXLes & TG ¥ LDL, JERUAFIEE /N, %2 5 ¥ sdLDL Fiki. th4h, T2DM &% VLDL f IDL Fiki
BN, 1 LDL A1 HDL ki >, $275 IDL 4] LDL (At fE 32 00, 2 — ek T sdLDL [ &

Z It FL R I, TE LDL-C /K-F &b 1E 5 3 RS PR3 8 3 B A b, K25 B2 IR 2 1 0K (Tow-
densitylipoproteinparticle, LDL-P)fEAE 23 H 32 2 T im0 R 28] o SX MUBURLIAR S AN [F] V2 1) 73 Af 1 L
B % T 4T 50 S ok AR 2 5 i B 1 P R 4 A K R 4 22 57 o LDL-P 78 T Oo i85 444 7 THi % LDL-C 5 % 15
FR) 7 B8R A UERFI £ [29]. Bourgonje AR & ¥[30], T2DM AN LDL SR B 1 T w5t 5
JORE RS RIS 0 2 IEAH OGS 5346, Otvos S5 A[31] BB AL AR SE T 12 5 LDL-P 7KF5% 5k /0o 9o S PR
AT A . LDL-P £E 2015 4 S 35 [ [E 5 IR BT b2 9 AN PFAilk ASCVD KU FVE FE AR [32]. 2020 4F
LDL-P 8 5 Bl R 9 73 Wb 22 A1 36 [l A 73 b 2 o AT KB PRORZR & 8 AR m ) A W bR i3 it g
P EET A A33]. AL, M4ATEHNT LDL-P S50 RG AHE ASCVD KUK 22 18] SCIE A R . Al
WEPEBAFIWT AT AR LA R, BRIk LDL-P (1l 7S 2 A BLATS 75 3t — 2B BRAIE .

sdLDL Fiki#t LDL ¥ 5 KA A&, 50T I RE, CHGESEHL LDL 3 A sk
SRR AR FH[34] [35], ELYEWEIR B3 8 LDL R [36]. fE—TATHEMEm 7, X—d3EL
ASCVD {BAEIG R RS R I ASCVD [ 35 #E4TMl%E LDL-C. sdLDL. TG. & & Hl=mMEE
P L DA R A 2R AR R PRI, 45 SRR B sdLDL A& 5% S8Rk REREL AR B A [37]. WFRRERWT,
sdLDL-C 7KV B AG HEHL T ASCVD KUK, A4 BHAR b 37 A PR 28 00000 dfL 8 IR T PR 1 [ 341«
X EZ4E T2DM B R BIESE T, 24K A sdLDL /KT T+ i 2 55 35 $ 1 O i 1L /85 S 1 XU [ 38 o
sdLDL 4% 3% [ JEL[#] B 808 1 Jl 2% 5 2 1 g N7 AL 0o 1 350096 i B TR R RV R [39]- (411 AR B /M B
FLIR[17], RLP LDL-P B /)1y 282 FE i 2 1 0RE IR B2 (sdLDL-P) 55 IfiLfig YV.4H 43 Fa R pHAR AR Z ASCVD
(0978 DR F S0 AN T2 W LA B 2 o LDL R 0 CC8 R sdLDL KP4 R s A2 I G S o f 4
[FIHEAE, PREAE sdLDL-C /KP4 il 76 & 3G B Y, A PR R8O I A JRUR 5 B B AR U k. A
WEFC R, A 3T AU B A A i A S B I 0G 52 A o 1715 77) pemafibrate BEINAE Ay T 77 & 7T 58 52 2 |
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U4 AR B S BkGR RERE AL PE B 58 ) sdLDL-C [42]. B LB BT K 9 ] 75)(PCSK9i){E i
Bee AV I 25 i 2 1 JIEL ] BE(LDL-C) PR [RIE, 7R P A 250 R A1 /) 1 23541 285 2 i 2 7 JIEL ] B (sdLDL-C) 7K ~F- f
LDL ik 5 (LDL-P) [43]. %} LDL-C Cistsif) T2DM ¥, #7 sdLDL-C 1575, #s i B ARl yT 2%
25 LI Ak LDL T4 4345 41 o
3.3. aBEREER

HDL FfR#i #5425 VLDL. IDL. LDL 28X, EAF7ERE Xifi#% . HDL HAFIERVNG i, £
B HARE A A- 1 FIBEfG. HDL 434 HLD2. HDL3 PiANIE4LY, %25 /NS Kt —25 ) 5 HDL2A.
HDL2B. HDL2C. HDL3A. HDL3B. HDL3C }% HDL3D. HDL 4% > Zhfig 2 fIH i B 1% [ %18 (RCT): M
E WA R A5 4 ] 220 I 2 R AR i, as i [m] AR BUHEME (44

T2DM H & 438 5 RENL 2 ) HDL 7K (1) [ A1 HDL [ ThfERERS[45] [46]. M2E B TG AT
PUE 223 CETP /%) TRL 5 HDL Z [A] (IR 22 #e, {f TRL H1f¥) TG ##2 %] HDL ', 7fij HDL 1)
I [ B G U e S # 45 TRL B [47]. XA ik HDL &+ TG, & & TG i HDL X% 7 HL fJFEAE
JEY . JEEyZ AT 4R S HL W5 1[48], HDL &£ HL MfEAL N30 i 9 SN RRL T REIGERIR R A- T, X
SEE SRR IR B 1 A- T S8 B IS RR, & T 30T HDL-C KPR F[49]. JE[E B BE PEBE IR BB 72
Hm SN, BRI EHE T TG /K RE & THERE R B3, 11 HDL-C /KP4 535 FEK[50]. HDL /K-F
FEARANAE 2 BURE PR B o A7 AR, 385500 PR3 A0 AR G INAH 0% . 8% = UE R R B, 7E M TR Y
WHoeH, ik HDL-C 7K~V ] G500 PR RS B N AAAE BRI SR DG &R [51] [52]. BRIk HDL-C KA LK
BNyt A0 LA RS PRI E H A o SRTT, 22 TG RS 2 B, A5 FH IR EX torcetrapib 55 24442 5 HDL-
C ACPRHEBAE T2DM 1/ C L8 XU B 2 20 A PR [S53]-[55] o X {8 7F 70 £5 s A HDL-C i« &7
e “p” B HDL Thfg. T2DM 3k Py K HAAE 76 1 & RS A 28 SRS 2> 1k HDL & Ak B An
BB IS B[ 56]-[58], f# HDL 8 (A B4/ & AE S5 E AR, M S 250 [ it 17 42 R
(cholesterol efflux capacity, CEC) F %, [R5 T Hrsa it PR S5 M fRIFIIRE[59] [60]. BAWFFLTRH,
CEC 5 ASCVD 2 [AfFAE AR R R, T4 ASCVD KU TN GE /1% HDL-C % 3%, H 7 F HDL-
C[60][61]. 5> HDL Bk 4 2456 N R VER) “ThEERERS M HDL” , JIMiHES) T 3 ks AE ik
JE[62]. HHI, 3% HDL IhREhE= B 3T TF B

3.4. BEEH(a)

Lp(a)ii 1 4T LDL BEBURIAT 1 4 F# IR & A )41, 7154 Lp(a)ls Lp(a)2+ Lp(a)3~ Lp(a)4. Lp(a)5
FANTH . ARE F (@) E N —Fh fh s 4 R 2R 32 S 0 IR s, B IR R B e N — AR AR R AR
SE, JLENHIRZ) 5 9 Rt Re R IR AR 5 17K [63]. KERFFR CAIESE, & Lp(a)/KFie it O wR
BIBKEG AL SRR A L AR I 98 B A A 2 BB A8 SRR ML fE R R R 2 — . 20U A C
HESE Lp(a) S R FEEALAE R, AR IR 2 O 15 0 B3 R 1) S5 IR 22— [64]-[66] 0 FLAK AN 32 8 B RS
NE259n5emd, B 5 EHE K A E[67] [68]. Sosnowska Z5[69] & H, LI & Lp(a)ik 5 4R sh ks
RS A OC, IE Lp(a)¥ £ (1M € R e 58 AE MR vP A ASCVD YRS . — I 50K B, Lp(a)
FEFEAK 10 mg/dL, 56 0o 09 KU 23 PRI 5.8% [70]. MRS, Lp(a)/& ASCVD K E EM AT G Ky K % .
H B 76 % 11010 Lp(a) HZ800 I8 25 = 10 560 11 S AT B o4 JRURS: 1 25 03k i A IR, L RNA F-4i(in
Pelacarsen)5 & S H IR (W1 Olpasiran) AARRHT Y Lp(a) L)y 7 ik IR TIGIRIE A B B 1T I R K
1 WoN, 1E Lp(a)iEid 60 mg/dL H & ASCVD % S [ &, ffiH Pelacarsen AJfff Lp(a)/K-FF#{K =&
80% [71]. fE OCEAN(a)-Dose Phase 2 i /RiX3%H, Olpasiran 7E Lp (a)/K-Fiid 150 nmol/L HA ASCVD
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T S 1) AR e S Lp(a) /KT T35 B MK 70% 2 100% [72].
4. B L5

R LRk, HATCT T2DM S MR = s R SRR “ &7 MiErs R ERRES “B” MIEAH
53 KFo BT LDL-C. TG+ HDL-C & Guiabrsl, U RAE 0o M5 7k B XS PPt 1 sdLDL. RLP-C.
HDL fig &% Lp(a)<5#i B4 M AR WAL 50 52 5 7 )z 2. — SRk i i 700 S0 1 X L6 384r 5 T2DM &
& ASCVD KU AHIGHE, (H H AT 6k = DX SeFs b 9T TR sl AR B BE AL JERSS . e Abh, RV A
T B Z AT PRI T BB 2 7 IR R AL . KR D EAE T2DM AR I KA. AEYEfL
ROREVEIG RIE 7, WAAAR AR W 4L 4R bR e SO 38 SR T WSO O M 45 R, FLIESEHU “ I Aig
B CHARA S E T RS

SE

[1] NCD Risk Factor Collaboration (NCD-RisC) (2024) Worldwide Trends in Diabetes Prevalence and Treatment from
1990 to 2022: A Pooled Analysis of 1108 Population-Representative Studies with 141 Million Participants. The Lancet,
404, 2077-2093. https://doi.org/10.1016/s0140-6736(24)02317-1

[2] Gwira, J.A., Fryar, C.D. and Gu, Q. (2024) Prevalence of Total, Diagnosed, and Undiagnosed Diabetes in Adults: United
States, August 2021-August 2023. NCHS Data Brief.

[3] Jia, W., Chan, J.C., Wong, T.Y. and Fisher, E.B. (2025) Diabetes in China: Epidemiology, Pathophysiology and Multi-
omics. Nature Metabolism, 7, 16-34. https://doi.org/10.1038/s42255-024-01190-w

[4] Laakso, M. (2001) Cardiovascular Disease in Type 2 Diabetes: Challenge for Treatment and Prevention. Journal of
Internal Medicine, 249, 225-235. https://doi.org/10.1046/j.1365-2796.2001.00789.x

[S] Almourani, R., Chinnakotla, B., Patel, R., Kurukulasuriya, L.R. and Sowers, J. (2019) Diabetes and Cardiovascular Dis-
ease: An Update. Current Diabetes Reports, 19, Article No. 161. https://doi.org/10.1007/s11892-019-1239-x

[6] i, L., Hu, D, Pan, C., Weng, J., Huo, Y., Ma, C., et al. (2013) Primacy of the 3B Approach to Control Risk Factors for
Cardiovascular Disease in Type 2 Diabetes Patients. The American Journal of Medicine, 126, 925.e11-925.¢22.
https://doi.org/10.1016/j.amjmed.2013.02.035

[7] Wang, L., Li, X., Wang, Z., Bancks, M.P., Carnethon, M.R., Greenland, P., ez al. (2021) Trends in Prevalence of Diabetes
and Control of Risk Factors in Diabetes among US Adults, 1999-2018. JAMA, 326, Article 704.
https://doi.org/10.1001/jama.2021.9883

[8] Gandotra, P. and Miller, M. (2008) The Role of Triglycerides in Cardiovascular Risk. Current Cardiology Reports, 10,
505-511. https://doi.org/10.1007/s11886-008-0079-0

[9] Sarwar, N., Danesh, J., Eiriksdottir, G., Sigurdsson, G., Wareham, N., Bingham, S., et al. (2007) Triglycerides and the
Risk of Coronary Heart Disease. Circulation, 115, 450-458. https://doi.org/10.1161/circulationaha.106.637793

[10] HAEEZESOMERY 2, PEZES 0N E R T Z RS, AR5 O 8 o) B R 32 il ) [
LRILA]. FAROIME RS E, 2012, 40(7): 547-553.
[11] BKE, HRER, BXEE. FFE ME2E M. &R IR R EOR B ARAE, 2019.

[12] Ginsberg, H.N., Packard, C.J., Chapman, M.J., Borén, J., Aguilar-Salinas, C.A., Averna, M., et al. (2021) Triglyceride-
rich Lipoproteins and Their Remnants: Metabolic Insights, Role in Atherosclerotic Cardiovascular Disease, and Emerg-
ing Therapeutic Strategies—A Consensus Statement from the European Atherosclerosis Society. European Heart Jour-
nal, 42, 4791-4806. https://doi.org/10.1093/eurheartj/ehab551

[13] Chirieac, D.V., Chirieac, L.R., Corsetti, J.P., Cianci, J., Sparks, C.E. and Sparks, J.D. (2000) Glucose-Stimulated Insulin
Secretion Suppresses Hepatic Triglyceride-Rich Lipoprotein and Apob Production. American Journal of Physiology-
Endocrinology and Metabolism, 279, E1003-E1011. https://doi.org/10.1152/ajpendo0.2000.279.5.e1003

[14] Young, S.G. and Zechner, R. (2013) Biochemistry and Pathophysiology of Intravascular and Intracellular Lipolysis.
Genes & Development, 27, 459-484. https://doi.org/10.1101/gad.209296.112

[15] Dijk, W., Rimbert, A., Sotin, T., Le May, C. and Cariou, B. (2026) Versatile Functions of Hepatic Lipase in Lipoprotein
Metabolism. Arteriosclerosis, Thrombosis, and Vascular Biology, 46, 105-118.
https://doi.org/10.1161/atvbaha.125.323051

[16] Fried, S.K., Russell, C.D., Grauso, N.L. and Brolin, R.E. (1993) Lipoprotein Lipase Regulation by Insulin and

DOI: 10.12677/acm.2026.1651815 269 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1651815
https://doi.org/10.1016/s0140-6736(24)02317-1
https://doi.org/10.1038/s42255-024-01190-w
https://doi.org/10.1046/j.1365-2796.2001.00789.x
https://doi.org/10.1007/s11892-019-1239-x
https://doi.org/10.1016/j.amjmed.2013.02.035
https://doi.org/10.1001/jama.2021.9883
https://doi.org/10.1007/s11886-008-0079-0
https://doi.org/10.1161/circulationaha.106.637793
https://doi.org/10.1093/eurheartj/ehab551
https://doi.org/10.1152/ajpendo.2000.279.5.e1003
https://doi.org/10.1101/gad.209296.112
https://doi.org/10.1161/atvbaha.125.323051

M REE, XUARTT

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

Glucocorticoid in Subcutaneous and Omental Adipose Tissues of Obese Women and Men. Journal of Clinical Investi-
gation, 92, 2191-2198. https://doi.org/10.1172/jci116821

Mach, F., Baigent, C., Catapano, A.L., Koskinas, K.C., Casula, M., Badimon, L., et al. (2019) 2019 ESC/EAS Guidelines
for the Management of Dyslipidaemias: Lipid Modification to Reduce Cardiovascular Risk. European Heart Journal,
41, 111-188. https://doi.org/10.1093/eurheartj/ehz455

Gu, C., Wang, N., Ren, P., Wu, X., Pang, B., Zhang, S., er al. (2021) Association between Postprandial Lipoprotein

Subclasses and Framingham Cardiovascular Disease Risk Stratification. Clinical Biochemistry, 89, 51-57.
https://doi.org/10.1016/j.clinbiochem.2020.12.009

Tk diiy, Ak, BEE, & AT VAP HORKIAG S AR RS B2 g 5 1 BORLIR B X 35050 B BE BRI 2 W 47
HJ]. AR IR 2R &, 2022, 45(7): 704-710.
Huh, J.H., Han, K., Cho, Y.K., Roh, E., Kang, J.G., Lee, S.J., et al. (2022) Remnant Cholesterol and the Risk of Cardi-

ovascular Disease in Type 2 Diabetes: A Nationwide Longitudinal Cohort Study. Cardiovascular Diabetology, 21, Ar-
ticle No. 228. https://doi.org/10.1186/s12933-022-01667-6

Kinoshita, M., Yokote, K., Arai, H., lida, M., Ishigaki, Y., Ishibashi, S., et al. (2018) Japan Atherosclerosis Society (JAS)
Guidelines for Prevention of Atherosclerotic Cardiovascular Diseases 2017. Journal of Atherosclerosis and Thrombosis,
25, 846-984. https://doi.org/10.5551/jat.g12017

Lai, C., Gervis, J.E., Parnell, L.D., Lichtenstein, A.H. and Ordovas, J.M. (2025) Changes in Triglyceride-Rich Lipopro-
tein Particle Profiles in Response to One-Week on a Low Fat or Mediterranean Diet by TCF7L2 Rs7903146 Genotype:
A Randomized Crossover Dietary Intervention Trial. Genes & Nutrition, 20, Article No. 4.
https://doi.org/10.1186/s12263-025-00763-y

Malick, W.A., Waksman, O., Do, R., Koenig, W., Pradhan, A.D., Stroes, E.S.G., et al. (2023) Clinical Trial Design for
Triglyceride-Rich Lipoprotein-Lowering Therapies. Journal of the American College of Cardiology, 81, 1646-1658.
https://doi.org/10.1016/j.jacc.2023.02.034

Kosmas, C.E., Rallidis, L.S., Hoursalas, 1., Papakonstantinou, E.J. and Kostara, C.E. (2026) Angiopoietin-Like Protein
3 (ANGPTL3) Targeting in the Management of Dyslipidemias. International Journal of Molecular Sciences, 27, Article
921. https://doi.org/10.3390/ijms27020921

de Moura de Souza, M., Mendes, B.X., Defante, M.L.R., de Athayde de Hollanda Morais, B.A., Martins, O.C., Prizio,

V.M., et al. (2025) Apolipoprotein C-III Inhibitors for the Treatment of Hypertriglyceridemia: A Meta-Analysis of Ran-
domized Controlled Trials. Metabolism, 167, Article 156187. https://doi.org/10.1016/j.metabol.2025.156187

Ivanova, E.A., Myasoedova, V.A., Melnichenko, A.A., Grechko, A.V. and Orekhov, A.N. (2017) Small Dense Low-
density Lipoprotein as Biomarker for Atherosclerotic Diseases. Oxidative Medicine and Cellular Longevity, 2017, Arti-
cle ID: 1273042. https://doi.org/10.1155/2017/1273042

Ebenbichler, C.F., Laimer, M., Kaser, S., Ritsch, A., Sandhofer, A., Weiss, H., ef al. (2002) Relationship between Cho-

lesteryl Ester Transfer Protein and Atherogenic Lipoprotein Profile in Morbidly Obese Women. Arteriosclerosis, Throm-
bosis, and Vascular Biology, 22, 1465-1469. https://doi.org/10.1161/01.atv.0000032007.14355.21

Puig-Jové, C., Castelblanco, E., Falguera, M., Hernandez, M., Soldevila, B., Julian, M.T., et al. (2022) Advanced Lipo-
protein Profile in Individuals with Normal and Impaired Glucose Metabolism. Revista Espariola de Cardiologia (English
Edition), 75, 22-30. https://doi.org/10.1016/j.rec.2021.02.006

Ference, B.A., Ginsberg, H.N., Graham, 1., Ray, K.K., Packard, C.J., Bruckert, E., et al. (2017) Low-Density Lipopro-
teins Cause Atherosclerotic Cardiovascular Disease. 1. Evidence from Genetic, Epidemiologic, and Clinical Studies. a

Consensus Statement from the European Atherosclerosis Society Consensus Panel. European Heart Journal, 38, 2459-
2472. https://doi.org/10.1093/eurheartj/ehx 144

Bourgonje, A.R., Connelly, M.A., van Goor, H., van Dijk, P.R. and Dullaart, R.P.F. (2023) Both LDL and HDL Particle
Concentrations Associate Positively with an Increased Risk of Developing Microvascular Complications in Patients with
Type 2 Diabetes: Lost Protection by HDL (Zodiac-63). Cardiovascular Diabetology, 22, Article No. 169.
https://doi.org/10.1186/s12933-023-01909-1

Otvos, J.D., Collins, D., Freedman, D.S., Shalaurova, 1., Schaefer, E.J., McNamara, J.R., et al. (2006) Low-Density
Lipoprotein and High-Density Lipoprotein Particle Subclasses Predict Coronary Events and Are Favorably Changed by
Gemfibrozil Therapy in the Veterans Affairs High-Density Lipoprotein Intervention Trial. Circulation, 113, 1556-1563.
https://doi.org/10.1161/circulationaha.105.565135

Jacobson, T.A., Ito, M.K., Maki, K.C., Orringer, C.E., Bays, H.E., Jones, P.H., et al. (2015) National Lipid Association
Recommendations for Patient-Centered Management of Dyslipidemia: Part 1—Full Report. Journal of Clinical Lipidol-
0gy, 9, 129-169. https://doi.org/10.1016/j.jacl.2015.02.003

Garber, A.J., Handelsman, Y., Grunberger, G., Einhorn, D., Abrahamson, M.J., Barzilay, J.I., et al. (2020) Consensus
Statement by the American Association of Clinical Endocrinologists and American College of Endocrinology on the

DOI: 10.12677/acm.2026.1651815 270 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1651815
https://doi.org/10.1172/jci116821
https://doi.org/10.1093/eurheartj/ehz455
https://doi.org/10.1016/j.clinbiochem.2020.12.009
https://doi.org/10.1186/s12933-022-01667-6
https://doi.org/10.5551/jat.gl2017
https://doi.org/10.1186/s12263-025-00763-y
https://doi.org/10.1016/j.jacc.2023.02.034
https://doi.org/10.3390/ijms27020921
https://doi.org/10.1016/j.metabol.2025.156187
https://doi.org/10.1155/2017/1273042
https://doi.org/10.1161/01.atv.0000032007.14355.21
https://doi.org/10.1016/j.rec.2021.02.006
https://doi.org/10.1093/eurheartj/ehx144
https://doi.org/10.1186/s12933-023-01909-1
https://doi.org/10.1161/circulationaha.105.565135
https://doi.org/10.1016/j.jacl.2015.02.003

W RREE, XUATT

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

Comprehensive Type 2 Diabetes Management Algorithm—2020 Executive Summary. Endocrine Practice, 26, 107-139.
https://doi.org/10.4158/cs-2019-0472

T8, XEZ, TER, £ iR lErEE O IER B /NS REEIREA. fRE AR A2 4l
UK ARG S /KT S8 BKGE R AR S [T]. A mi 244 &, 2020, 28(6): 572-575.

Drexel, H., Larcher, B., Mader, A., Vonbank, A., Heinzle, C.F., Moser, B., et al. (2021) The LDL-C/ApoB Ratio Predicts
Major Cardiovascular Events in Patients with Established Atherosclerotic Cardiovascular Disease. Atherosclerosis, 329,
44-49. https://doi.org/10.1016/j.atherosclerosis.2021.05.010

Kokubo, Y., Watanabe, M., Higashiyama, A. and Honda-Kohmo, K. (2020) Small-Dense Low-Density Lipoprotein Cho-
lesterol: A Subclinical Marker for the Primary Prevention of Coronary Heart Disease. Journal of Atherosclerosis and
Thrombosis, 27, 641-643. https://doi.org/10.5551/jat.ed134

Ikezaki, H., Lim, E., Cupples, L.A., Liu, C., Asztalos, B.F. and Schaefer, E.J. (2021) Small Dense Low-Density Lipo-
protein Cholesterol Is the Most Atherogenic Lipoprotein Parameter in the Prospective Framingham Offspring Study.
Journal of the American Heart Association, 10, €019140. https://doi.org/10.1161/jaha.120.019140

FhERSS, e, RIE, &5 /NS R R B A IH S B AT HbA 1C STAERE> 65 %5 2 R PRy £ 38 0o fibd 1 57 4
RATNET]. PRI EE A4+ E, 2020, 43(3): 250-254.

Duran, E.K., Aday, A.W., Cook, N.R., Buring, J.E., Ridker, P.M. and Pradhan, A.D. (2020) Triglyceride-Rich Lipopro-
tein Cholesterol, Small Dense LDL Cholesterol, and Incident Cardiovascular Disease. Journal of the American College
of Cardiology, 75, 2122-2135. https://doi.org/10.1016/j.jacc.2020.02.059

Ma, X., Wang, Q., Hu, X., Wang, X., Zhao, Y., Liu, X., et al. (2024) Association of sdLDL-C with Incident Carotid
Plaques with Stable and Vulnerable Morphology: A Prospective Cohort Study. Stroke, 55, 576-585.
https://doi.org/10.1161/strokeaha.123.045601

Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults, (2001) Executive Summary
of the Third Report of the National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III). JAMA: The Journal of the American Medical
Association, 285, 2486-2497. https://doi.org/10.1001/jama.285.19.2486

Hirano, T., Hayashi, T., Sugita, H., Tamasawa, A., Goto, S., Tomoyasu, M., et al. (2023) Prospective Randomized Com-
parative Study of the Effect of Pemafibrate Add-On or Double Statin Dose on Small Dense Low-Density Lipoprotein-
cholesterol in Patients with Type 2 Diabetes and Hypertriglyceridemia on Statin Therapy. Journal of Diabetes Investi-
gation, 14, 1401-1411. https://doi.org/10.1111/jdi.14076

Mahmood, T., Miles, J.R., Minnier, J., Tavori, H., DeBarber, A.E., Fazio, S., et al. (2024) Effect of PCSK9 Inhibition
on Plasma Levels of Small Dense Low Density Lipoprotein-Cholesterol and 7-Ketocholesterol. Journal of Clinical Lip-
idology, 18, e50-¢58. https://doi.org/10.1016/j.jacl.2023.10.009

Tall, A.R. and Small, D.M. (1978) Plasma High-Density Lipoproteins. New England Journal of Medicine, 299, 1232-
1236. https://doi.org/10.1056/nejm197811302992207

Zhang, X. and van der Vorst, E.P.C. (2024) High-Density Lipoprotein Modifications: Causes and Functional Conse-
quences in Type 2 Diabetes Mellitus. Cells, 13, Article 1113. https://doi.org/10.3390/cells13131113

Denimal, D. (2023) Antioxidant and Anti-Inflammatory Functions of High-Density Lipoprotein in Type 1 and Type 2
Diabetes. Antioxidants, 13, Article 57. https://doi.org/10.3390/antiox 13010057

Hayek, T., Azrolan, N., Verdery, R.B., Walsh, A., Chajek-Shaul, T., Agellon, L.B., ef al. (1993) Hypertriglyceridemia
and Cholesteryl Ester Transfer Protein Interact to Dramatically Alter High Density Lipoprotein Levels, Particle Sizes,
and Metabolism. Studies in Transgenic Mice. Journal of Clinical Investigation, 92, 1143-1152.
https://doi.org/10.1172/jcil 16683

Ruotolo, G., Parlavecchia, M., Taskinen, M., Galimberti, G., Zoppo, A., Le, N., et al. (1994) Normalization of Lipopro-
tein Composition by Intraperitoneal Insulin in IDDM: Role of Increased Hepatic Lipase Activity. Diabetes Care, 17, 6-
12. https://doi.org/10.2337/diacare.17.1.6

Goldberg, I.J. (2001) Diabetic Dyslipidemia: Causes and Consequences. The Journal of Clinical Endocrinology & Me-
tabolism, 86, 965-971. https://doi.org/10.1210/jcem.86.3.7304

U.K. Prospective Diabetes Study 27 (1997) U.K. Prospective Diabetes Study 27: Plasma Lipids and Lipoproteins at
Diagnosis of NIDDM by Age and Sex. Diabetes Care, 20, 1683-1687. https://doi.org/10.2337/diacare.20.11.1683

White, J., Swerdlow, D.I., Preiss, D., Fairhurst-Hunter, Z., Keating, B.J., Asselbergs, F.W., et al. (2016) Association of
Lipid Fractions with Risks for Coronary Artery Disease and Diabetes. JAMA Cardiology, 1, 692-699.
https://doi.org/10.1001/jamacardio.2016.1884

Fall, T., Xie, W., Poon, W., Yaghootkar, H., Mégi, R., Knowles, J.W., ef al. (2015) Using Genetic Variants to Assess
the Relationship between Circulating Lipids and Type 2 Diabetes. Diabetes, 64, 2676-2684.

DOI: 10.12677/acm.2026.1651815 271 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1651815
https://doi.org/10.4158/cs-2019-0472
https://doi.org/10.1016/j.atherosclerosis.2021.05.010
https://doi.org/10.5551/jat.ed134
https://doi.org/10.1161/jaha.120.019140
https://doi.org/10.1016/j.jacc.2020.02.059
https://doi.org/10.1161/strokeaha.123.045601
https://doi.org/10.1001/jama.285.19.2486
https://doi.org/10.1111/jdi.14076
https://doi.org/10.1016/j.jacl.2023.10.009
https://doi.org/10.1056/nejm197811302992207
https://doi.org/10.3390/cells13131113
https://doi.org/10.3390/antiox13010057
https://doi.org/10.1172/jci116683
https://doi.org/10.2337/diacare.17.1.6
https://doi.org/10.1210/jcem.86.3.7304
https://doi.org/10.2337/diacare.20.11.1683
https://doi.org/10.1001/jamacardio.2016.1884

M REE, XUARTT

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

https://doi.org/10.2337/db14-1710

AIM-HIGH Investigators (2011) Niacin in Patients with Low HDL Cholesterol Levels Receiving Intensive Statin Ther-
apy. New England Journal of Medicine, 365, 2255-2267. https://doi.org/10.1056/nejmoal 107579

HPS2-THRIVE Collaborative Group (2014) Effects of Extended-Release Niacin with Laropiprant in High-Risk Patients.
New England Journal of Medicine, 371, 203-212. https://doi.org/10.1056/nejmoal 300955

Barter, P.J., Rye, K., Tardif, J., Waters, D.D., Boekholdt, S.M., Breazna, A., et al. (2011) Effect of Torcetrapib on Glu-
cose, Insulin, and Hemoglobin a 1. in Subjects in the Investigation of Lipid Level Management to Understand Its Impact
in Atherosclerotic Events ILLUMINATE) Trial. Circulation, 124, 555-562.
https://doi.org/10.1161/circulationaha.111.018259

Nazir, S., Jankowski, V., Bender, G., Zewinger, S., Rye, K. and van der Vorst, E.P.C. (2020) Interaction between High-
Density Lipoproteins and Inflammation: Function Matters More than Concentration! Advanced Drug Delivery Reviews,
159, 94-119. https://doi.org/10.1016/j.addr.2020.10.006

Lui, D.T.W., Cheung, C., Lee, A.C.H., Wong, Y., Shiu, S.W.M. and Tan, K.C.B. (2021) Carbamylated HDL and Mor-
tality Outcomes in Type 2 Diabetes. Diabetes Care, 44, 804-809. https://doi.org/10.2337/dc20-2186

Schalkwijk, C.G. and Stehouwer, C.D.A. (2020) Methylglyoxal, a Highly Reactive Dicarbonyl Compound, in Diabetes,

Its Vascular Complications, and Other Age-Related Diseases. Physiological Reviews, 100, 407-461.
https://doi.org/10.1152/physrev.00001.2019

Marquez, A.B., Nazir, S. and van der Vorst, E.P.C. (2020) High-Density Lipoprotein Modifications: A Pathological
Consequence or Cause of Disease Progression? Biomedicines, 8, 549. https://doi.org/10.3390/biomedicines8120549

von Eckardstein, A., Nordestgaard, B.G., Remaley, A.T. and Catapano, A.L. (2022) High-Density Lipoprotein Revisited:
Biological Functions and Clinical Relevance. European Heart Journal, 44, 1394-1407.
https://doi.org/10.1093/eurheartj/echac605

Soria-Florido, M.T., Schréder, H., Grau, M., Fitd, M. and Lassale, C. (2020) High Density Lipoprotein Functionality
and Cardiovascular Events and Mortality: A Systematic Review and Meta-Analysis. Atherosclerosis, 302, 36-42.
https://doi.org/10.1016/j.atherosclerosis.2020.04.015

Mahrooz, A. (2026) Insights to HDL Dysfunctionality: Hypothesis of Exhausted HDL. Diabetes Research and Clinical
Practice, 233, Article 113145. https://doi.org/10.1016/j.diabres.2026.113145

Marcovina, S.M. (2023) Lipoprotein(a): A Genetically Determined Risk Factor for Cardiovascular Disease. Critical
Reviews in Clinical Laboratory Sciences, 60, 560-572. https://doi.org/10.1080/10408363.2023.2229915
Clarke, R., Peden, J.F., Hopewell, J.C., Kyriakou, T., Goel, A., Heath, S.C., et al. (2009) Genetic Variants Associated

with Lp(a) Lipoprotein Level and Coronary Disease. New England Journal of Medicine, 361, 2518-2528.
https://doi.org/10.1056/nejmoa0902604

R I EE oy o, HEEIM a2, hEAY S0 AR SEEA TR R
2, S5 R AR R )], AR R R 0, 2022, 45(10): 1017-1033.

RO NEEE 2. REE A (a) 50 LB 00 AR 56 R R G R 8 B IK £ AL 32 @ [T]. P EJE# I8 &, 2021, 36(12):
1158-1167.

Mach, F., Koskinas, K.C., Roeters van Lennep, J.E., Tokgézoglu, L., Badimon, L., Baigent, C., et al. (2025) 2025 Fo-
cused Update of the 2019 ESC/EAS Guidelines for the Management of Dyslipidaemias. European Heart Journal, 46,
4359-4378. https://doi.org/10.1093/eurheartj/chaf190

Greco, A., Finocchiaro, S., Spagnolo, M., Faro, D.C., Mauro, M.S., Raffo, C., ef al. (2025) Lipoprotein(a) as a Pharma-
cological Target: Premises, Promises, and Prospects. Circulation, 151, 400-415.
https://doi.org/10.1161/circulationaha.124.069210

Sosnowska, B., Surma, S. and Banach, M. (2022) Targeted Treatment against Lipoprotein (a): The Coming Breakthrough
in Lipid Lowering Therapy. Pharmaceuticals, 15, Article 1573. https://doi.org/10.3390/ph15121573

Begue, F., Apalama, M.L., Lambert, G. and Meilhac, O. (2023) HDL as a Treatment Target: Should We Abandon This
Idea? Current Atherosclerosis Reports, 25, 1093-1099. https://doi.org/10.1007/s11883-023-01176-1

Tsimikas, S., Karwatowska-Prokopczuk, E., Gouni-Berthold, I., Tardif, J., Baum, S.J., Steinhagen-Thiessen, E., et al.
(2020) Lipoprotein(a) Reduction in Persons with Cardiovascular Disease. New England Journal of Medicine, 382, 244-
255. https://doi.org/10.1056/nejmoal 905239

O’Donoghue, M.L., Rosenson, R.S., Gencer, B., Lopez, J.A.G., Lepor, N.E., Baum, S.J., ef al. (2022) Small Interfering

RNA to Reduce Lipoprotein(a) in Cardiovascular Disease. New England Journal of Medicine, 387, 1855-1864.
https://doi.org/10.1056/nejmoa2211023

DOI: 10.12677/acm.2026.1651815 272 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1651815
https://doi.org/10.2337/db14-1710
https://doi.org/10.1056/nejmoa1107579
https://doi.org/10.1056/nejmoa1300955
https://doi.org/10.1161/circulationaha.111.018259
https://doi.org/10.1016/j.addr.2020.10.006
https://doi.org/10.2337/dc20-2186
https://doi.org/10.1152/physrev.00001.2019
https://doi.org/10.3390/biomedicines8120549
https://doi.org/10.1093/eurheartj/ehac605
https://doi.org/10.1016/j.atherosclerosis.2020.04.015
https://doi.org/10.1016/j.diabres.2026.113145
https://doi.org/10.1080/10408363.2023.2229915
https://doi.org/10.1056/nejmoa0902604
https://doi.org/10.1093/eurheartj/ehaf190
https://doi.org/10.1161/circulationaha.124.069210
https://doi.org/10.3390/ph15121573
https://doi.org/10.1007/s11883-023-01176-1
https://doi.org/10.1056/nejmoa1905239
https://doi.org/10.1056/nejmoa2211023

	2型糖尿病患者致动脉粥样硬化性脂蛋白亚组分研究进展
	摘  要
	关键词
	Research Progress of Atherosclerotic Lipoprotein Subfractions in Patients with Type 2 Diabetes Mellitus
	Abstract
	Keywords
	1. 引言
	2. 糖尿病合并血脂异常临床现状
	3. 血脂与脂蛋白亚组分
	3.1. 富含甘油三脂脂蛋白及其残粒
	3.1.1. 乳糜微粒
	3.1.2. 极低密度脂蛋白及其残粒
	3.1.3. 中间密度脂蛋白

	3.2. 低密度脂蛋白
	3.3. 高密度脂蛋白
	3.4. 脂蛋白(a)

	4. 总结
	参考文献

