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Association analysis between hyperlipoproteinemia(a) and plasma inflammatory fac-

tor levels and the severity of coronary heart disease
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Department of Cardiovascular Medicine, Tongji Hospital, Tongji Medical College, Huazhong University of Science and Tech-
nology, Wuhan, Hubet 430000, China

[ ABSTRACT] Aim To explore the correlation between hyperlipoproteinemia (a) and levels of inflammatory factors
and the severity of coronary artery lesions. Methods A total of 462 patients undergoing coronary angiography were
stratified into a high lipoprotein(a) [ Lp(a) ] group ( =75 nmol/L) and a normal Lp(a) group (<75 nmol/L). Clinical
data, blood lipid profile, Gensini score, and levels of 12 inflammatory factors from patients were collected.  Spearman
correlation analysis and Logistic regression model were used to evaluate the correlation between high Lp(a) levels and plas-
ma levels of inflammatory factors and the severity of coronary heart disease. Results  Compared with the normal
Lp(a) group, the high Lp(a) group showed significant increases in the levels of 9 types of inflammatory factors, such as
interferon-y (IFN-y) , interleukin-4 (IL-4) and interleukin-5 (IL-5) (all P<0.05), as well as a significant increase in
the proportion of patients of coronary heart disease and high Gensini scores (both P<0.05).  Spearman correlation
analysis and Logistic regression analysis showed that high levels of Lp(a) were positively correlated with levels of IFN-vy,
IL-4, TL-5, interleukin-6 (IL-6), interleukin-12P70 (IL-12P70), interleukin-18 (IL-1B), interleukin-8 (IL-8) and
tumor necrosis factor-a (TNF-a) (all P<0.05). Multivariate Logistic regression analysis showed that high levels of
Lp(a) were independent risk factors for coronary heart disease (OR=2.483, 95% CI. 1.548 ~4.060) and high Gensini
scores (OR=2.102, 95% CI. 1.332 ~3.344). Conclusion Hyperlipoproteinemia(a) can lead to elevated levels of
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multiple inflammatory factors, thereby increasing the risk of coronary heart disease and worsening the severity of coronary

heart disease.
[ KEY WORDS |

Gensini score

hyperlipoproteinemia ( a) ;

Sk ok REAE Lk 1 U 1L 45 955975 ( atherosclerotic car-
diovascular disease , ASCVD) J2& % [ & AL T- 1) B &
JELEA LA XU By 4247 2 TR PR T IR
FE g & H AH [E B (low density lipoprotein cholesterol ,
LDLC ) AH G WU 78 {61 FH A 7T 28 25 W) J5 7T LA S 25 e
1% fEJE & (a) [ Lipoprotein (a) , Lp(a) J4E sl 7
B HE RS IS PR, 5 ASCVD 1 &0 R ™ & i
FESYIAROET . Lp (a) HIARS BE i 2R R UKL AN
BRI (a) 41, HoM 3R KO 2 BEARR T 35t % 1
(LPA BN Z 508 | IR AF e MR 22 57, L SRR
YR HI PR R

EARET AL, M/KTP-1Y Lp (a) il id AL BENG
TURR IS 3 ok o83 48 A Ak 1% aE A | O 15 5 A2 R K e
RO EHT A% Lp (a) ARERIBFGE AT 47
FEW AL  H— & Lp(a) KF B RAEH F1% A5
FARHIRAIE 22 ek = RGELLES & Lp(a) AR
556 0o e AR Bl ks 728 7 R R Y R R AR A
FIR . ABFFE N A TR B s 7 AN Lp(a)
IR N T8 0 73 B 9 AE AR 5 W | LR 15 KO AR Bl
WKFAG 2 E I, B e 7 Lp (a) ANEIZKSE T 1Y R AE
ISR JBE A G IR Bl bk B B 174 ) 22 5+, D9 ASCVD
18 XURS: 73 J2 SR UE T TR AR A AR

1 FERMTE

1.1 HERMH

BIFME SN N B 2023 451 H £ 2024 £ 9 A
FTAROIAE AR E R EH, AN OF
H=18 A, QAN EHEZAR D KEF B E,;
QR & TEW Lp(a) fiF M %6, Hhitik,
OE#HTERE T2, Q% 3 M %% E K
MARARF(CEER AT EAME. AR E)
RO NGE R E il SR W Ve
WA A#H, REXE Lp(a) b9 2947 FFAEH 75 nmol/L
1N IR EF Lp(a) 4407 Lp(a) 40",
WFEEZAREFREZR 2 FHME(HET.
TJ-IRB202409081) , ff A N 41 B % 34 55 5 5 W o 1F
EES, FRBEL LR RNCAEFBRE,; A
HREHFEAE(MREFEXET)REH BAGY

M,

lipopotein (a) ;

coronary heart disease;  inflammatory factor;

1.2 FEHE

RFREATIR 8 Kbt &M w70 o 83 &,
FAREAFIREEREUTEE:OA O RHE
FAEAR R MR QA A TE FR AR R R B
(body mass index, BMI) (U& 48 & Fa 47 5k & ;@ &£ 7
AGBREL . REEZRFHEIRE=1 X HF
£>6 AN A B K AT BRI R R R OE ¢
RIGFHEEARE=1 REFE>6 MA, R Y&k
T ELRE R T i R S TR R R o R R
ALY B & R IR (2024) ), B R U T KB
(EZFHERAYIT 7 (2024) ), & 8 M E 2 B
AP E o i B 2 48 5 (2B R 2024 4R ) ) BE 4
2 B AR 30 Bk N8 77 ( percutaneous coronary inter-
vention, PC1) ;@52 5 % 48 47 . & 4% & 2 B B ( total
cholesterol, TC) |, H i = B ( triglyceride, TG) | & % &
fg & & B [E B (high density lipoprotein cholesterol ,
HDLC) \,LDLC .Lp(a) . % ff & & Al (apolipoprotein
Al,ApoAl) % # fg % & B (apolipoprotein B, ApoB)
mAE-ETUR M, ERIEAFN L RIKEHEEFN
BE24h W(KREREBRAS) o1 KIg oo &6 A
Roche Cobas 8000 L # il 7 , & # TC TG .HDLC ¢
LDLC & Jil B # 8 3 I % , ApoAl (ApoB #1 Lp(a) %k
R 37 5 ek s E

HOHOMATEANRTRIMETETED 1 X
FE AW k[ B HE A E T (left main, LM) | 7 ° [#
% (left anterior descending, LAD) | 7= [E] j2 % (left cir-
cumflex, LCX) F2 4 7 Ik 3 ik (right coronary artery,
RCA) [ #E A2 =50% . & il Gensini if 2 2 5 &
A RS R, B R R T AR
BRI T EREREREBHEINERY S A
W ETHAERAHEEFT XK, KA FLE =2
ER AR A, Gensini 12k T FALEFH 2 LK
B Gensini ¥ 2", HFEREHL A —FIHOA
FHE R AT AR 5L N, B L R B E R SR
=g OB LR T EHREQORERE;
QML HF AL (A =10% ) , # R BHE K 2 EKE
5%,
1.3 RERFH

KA A A 2] K (flow cytometric bead
array , FCBA ) & E 4 U 4} & ifn 12 # 20 g B 73, 2
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J& ABclonal /A 5] ABplex Human Cytokine 12-Plex
Assay Kit( RK04296) [ 2% # Ml # fb B F % 7& . K JE
PR LA R RS XL Sk
B ARl S DL R R R A, LR
EARE =R, A EF AL R R B (coefficient
of variation,CV) 3& [l % 2. 6% ~8.2% , [E] Y& & | ik
#72.33% ~96.42% , it A B A M AL o B E A
R DL B R R B — %R WA RE R — K
W 58 AR U, BHE A B RO 98 S B AR VB AR IE
] 2 5, w8 AR 4 B 40 B/ & (interleukin,, IL)
18.1L-2, IL-4 IL-5, IL-6 IL-8 . IL-10, IL-12P70 #=
IL-17A .y T % (interferon-y, IFN-y) #1 o T3 %
(interferon-o, IFN-o) , PL & fif 95 37 28 B ¥ o (tumor
necrosis factor-oo, TNF-ot) . 2T 12 # 3K E HF 8 #
G AT ERERTFTHREXRTF 2N B/
WA TRAAERERAHE,
1.4 ZIHFESH

K R4.4.2 TR, EALA LR
AR IEL T E QR DL vxs Fo dp L5 (1 4L 8]
BE) &, 4 1R He B oA R R B R T o AT e
Mann-Whitney U 30 ; 2 £ % E A B % (%) & *,

4118 A Rl F 7 A B, 3 3T Spearman Fk AH X 4
MiFf Lp(a) RE S REEFWHEXE, RALHE
F R % % Logistic ENAE A 241 Lp(a) 5 &0 R
FREAR L RCRAE B F AR K M, IR 4 % ROC o %,

1+ 2 # % T W 2 (area under the curve, AUC) , # A
BERERTEAAARRKEXN R EMR HE S
B %82 T B S AT, A % H % Logistic [
VIR R R A R O AR MR OBMIL K4 R RO
# R TC. TG LDLC #2 HDLC"*") 5 /i Ben-
jamini-Hochberg 3% ¥t 4T 48 & & I % (false discovery
rate, FDR) & IE, DL R U] P<0.05 % % 7 A 4 it %
B,

2 # R

2.1 IGRBERIEER

M FIEHR Lp(a)dl, & Lp(a) A B PE L A
oK IR B 3 BEAK, ApoB /K V- SO & HE R
Gensini PE43 3 71 (P<0. 05 B P<0.01) , Hifthds
PRt 2 S TG E L (P>0.05;3% 1) .

xR 1. AE Lp(a) 7k FABELISMELLE

Table 1. Comparison of baseline characteristics stratified by Lp(a) levels

I H Mit(n=462) 1IE%H Lp(a) 4 (n=331) 5 Lp(a)#H (n=131) P
ik % 60.61+10.56 60.37+10. 44 61.20£10. 86 0.448
B/ [1(% ) ] 291(62.99) 223(67.37) 68(51.91) 0.003
BMI/ (kg/m*) 24.83+3.31 24.91+£3.31 24.65+3.31 0.464
Wi 4 5/ mmHg 134.45+19.73 135.33£19.71 132.22+19. 66 0.127
#F 3K ./ mmHg 82.77+12.74 83.65+12.64 80.53+12.77 0.017
WA s/ [ (% ) ] 140(30.30) 100(30.21) 40(30.53) 1.000
RS/ [ (%) ] 99(21.43) 69(20.85) 30(22.90) 0.719
L/ [ (% ) ] 293(63.42) 216(65.26) 77(58.78) 0.232
BRI/ [ 7% ) ] 160(34.63) 119(35.95) 41(31.30) 0.401
EIBINAE/ [ B(% ) ] 174(37.66) 118(35.65) 56(42.75) 0.189
e PCI /[ (% ) ] 83(17.97) 53(16.01) 30(22.90) 0.109
TC/( mmol/L) 4.10+1.13 4.07+1.17 4.17+1.03 0.355
TG/ ( mmol/L) 1.60(1.13,2.45) 1.63(1.18,2.57) 1.53(1.07,2.24) 0.254
HDLC/ ( mmol/L) 1.140.30 1.14+0.31 1.13+0.28 0.786
LDLC/ ( mmol/L) 2.51%1.01 2.46+1.04 2.6420.91 0.071
ApoAl/(g/L) 1.28+0.26 1.30+0.26 1.25+0.25 0.096
ApoB/ (g/L) 0.82+0.27 0.80+0.27 0.86+0.25 0.035
Lp(a)/(nmol/L) 19.50(6.50,154.30) 9.70(5.60,22.55) 222.80(165.05,240.00) <0.001
SR/ [ 1(% ) ] 285(61.69) 189(57.10) 96(73.28) 0.002
Gensini TE53/ 43 14.00(0.25,48.00) 10.00(0.00,47.00) 25.00(5.00,56.50) 0.005
15 Gensini W53/ (% ) | 230(49.78) 148(44.71) 82(62.60) 0.001
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2.2 REEFKFELE

M TFIE® Lp(a) 4,/ Lp(a) 4l IFN-y 11-4
IL-6 . IL-17A , IL-12P70 , IL-5  IL-8 . IFN-o #ll TNF-a
IR 2 T (P<0. 05 8 P<0.01) i 1L-2 1L-10

FIL-1B8 ZKEAE PR IR] Fo 5 22 S TG 124 L (P>
0.05), BLAM, ZEARE Lp(a) KFF, 458 H 178 56
DR S AR AL Z M 22 S G 22 B X
(P>0.05;%2),

%z 2. AE Lp(a) 7K FEAHBRIEREFKELLE

Table 2. Comparison of inflammatory factor levels stratified by Lp(a) levels HAi} .ng/L

IEH Lp(a)H = Lp(a) 4
e N gomg P

(n=142) (n=189) (n=35) (n=96)
IFN-y 3.66(3.37,4.10) 3.70(3.45,4.16) 3.60(3.29,4.07) 0.207 3.94(3.47,4.31) 3.75(3.39,4.18) 3.97(3.56,4.36) 0.574 0.012
1L-2 1.81(1.47,2.31) 1.81(1.55,2.33) 1.80(1.42,2.26) 0.288 2.00(1.56,2.40) 1.93(1.38,2.36) 2.02(1.58,2.40) 0.574 0.101
1IL-4 2.04(1.44,2.82) 2.13(1.60,3.13) 1.98(1.37,2.72) 0.207 2.48(1.83,3.16) 2.17(1.73,2.94) 2.52(1.95,3.24) 0.574 0.006
IL-6 2.29(1.83,3.13) 2.24(1.82,2.94) 2.32(1.87,3.43) 0.288 2.54(2.03,3.39) 2.27(1.84,3.07) 2.68(2.16,3.48) 0.574 0.015
IL-17A 2.77(2.26,3.41) 2.86(2.34,3.46) 2.71(2.19,3.38) 0.222 3.04(2.44,3.66) 2.86(2.21,3.54) 3.19(2.49,3.67) 0.574 0.019
IL-12P70 1.41(1.21,1.68) 1.44(1.23,1.69) 1.37(1.18,1.66) 0.207 1.53(1.31,1.73) 1.48(1.26,1.67) 1.53(1.35,1.74) 0.574 0.012
IL-10 8.39(6.05,10.94) 8.25(6.04,10.47) 8.49(6.08,11.46) 0.288 8.38(6.08,10.81) 7.75(5.44,10.45) 8.71(6.17,11.34) 0.574 0.954
IL-5 3.20(2.89.3.61) 3.22(2.953.67) 3.16(2.79,3.59) 0.222 3.45(3.03,3.85) 3.18(2.98,3.84) 3.49(3.06,3.84) 0.574 0.012
-1 0.60(0.28,1.63) 0.58(0.25,1.75) 0.61(0.30,1.58) 0.881 0.67(0.29,1.93) 0.76(0.26,1.98) 0.66(0.30,1.90) 0.925 0.504
1L-8 5.05(3.32,8.98) 4.98(3.42,8.03) 5.22(3.24,9.61) 0.951 6.13(4.48,12.01) 5.96(3.76,17.51) 6.17(4.66,11.37) 0.925 0.006
IFN-a  1.45(1.15,1.85) 1.54(1.25,1.92) 1.40(1.06,1.81) 0.207 1.65(1.33,1.98) 1.51(1.29,1.95) 1.69(1.35,2.03) 0.574 0.012
TNF-«  3.78(2.87,4.94) 3.81(3.03,4.88) 3.77(2.78,4.95) 0.737 4.24(3.21,5.52) 3.89(2.67,5.68) 4.28(3.57,5.39) 0.574 0.019

Ha HIEHR Lp(a) ANE WA SR DA ELE ;b N E Lp(a) AN E WA SR = O A b ¢ AIEHR Lp(a) 4155 Lp(a) 4

HR

2.3 Blpla) BREEFKFEHEXENTRIE

Spearman A2 /M1 @78, Lp (a) /KF 5 IFN-y
(r=0.12,P<0.01) IL-4(r=0.14,P<0.01) .IL-6
(r=0.10,P<0.05) . IL-12P70 (r=0.11,P<0.05) .
IL-5(r=0.12,P<0.01) .IL-1B(r=0.12,P<0.05) .
IL-8(r=0. 14,P<0. 01) il TNF-a(r=0. 12, P<0. 05)
TR IEARDE, IF H A8 44T - [a] 34 52 TEAH O (P<
0.001; /1),

FLHE Logistic MHAHT iR, & Lp(a) K2
5 IFN-y . & IL-2, & IL-4 & IL-6, & IL-17A . &
IL-12P70 & IL-5 . & IL-8 {5 IFN-o FIE; TNF-a 1
a2 (P<0. 05 8 P<0.01) , 2% Logistic [fl
IHAHT 7R, 8 Lp (a) K J& & IFN-y & 1.2,
IL-4 5 [L-6 &5 IL-12P70 i IL-5. i IL-8 i IFN-a Fl
15 TNF-a BT AR R 3R (P<0. 05 35 P<0.01;/512)
2.4 B Lpla)ABLEE S Gensini ¥43 XUBE B Ik

A E Logistic [MIH4MT B8, & Lp(a) K25
LR (OR=2.061,95% CI . 1.332 ~3.244,P<0.01) }2
Gensini ?£43(OR=1.673,95% CI:1. 113 ~2.520,P<
0.05) B I N 2 ; ZIH &K Logistic [HH 43 M7 7K

0.12**| 007 | 0.14*| 0.10*| 009 | 0.11* 0.08 | 0.12*

Lp(a)
IFN-y &

-003 | 0.12*| 0.12* | 0.14**

0.85**| 0.88*** 0.54*** 0.83**| 0.88"** 0.32*** 0.87"**| 0.50"*"| 0.42*** 0.86"**| 0.62"**

0.85**| 0,54 0.84*** 0.83"**| 0.37"** 0.84"**| 0.50"**| 0.39*** 0.86*** 0.59"**

IL-2 O

e
IL-6 [ -.. 0.51** 0.56"*| 0.55""*| 0.57***| 0.33***| 0.51***| 0.57***| 0.69"™" r

0.53'**| 0.85™* 0.86"**| 0.30""*| 0.86™"| 0.49"**| 0.44"**| 0.85"" 0.58"**

IL-A7A oo o] PO [l Prel 0.8

IL-12P70 mvosnmvms-"vnam" 063" I 06

! 1 0.4

IL-10 44 0.17**4 028"+ 0.38** 053" 0.2
L5 | | | 0

c AR ERNR= N |
o | HEEEEE
en-o o |
we O i H T EEERE=EE

D AV > O 00 LR P S
AL IR AV GV N NV .
KR \% YooY \\;\ \Qg N N4 > \Qé ,gé(

0.32"*| 0.44" 036"

IL-1B
IL-8

4
Bl 1. lEEH(a) ERERFHEXES FTHAE
AL FIT RAHSCREL r, R BIHORN BB AR
XRROLE r 58 K7 0]
P<0.05 f = FIR,P<0.01 [ = = FIR,P<0.001 H # = = Fx,
Figure 1. Correlation heatmap between Lp(a) and

inflammatory factors

5 Lp(a) 7K PJE 76800 (OR=2. 483 ,95% CI ;1. 548 ~
4.060,P<0.001) & i Gensini ¥E4> (OR =2.102,
95% CI.1.332 ~3.344,P<0.01) [ 3k 7 fE o PR 2%
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FIAN W B PR g 2 i 09 S5 Gensini PF43
B S7 fE ks I & (P<0. 018 3) .
ROC #hZerMrat R IR, 8 Lp (a) ZKBEES O ML

BB G fG6 P ZE TE6 & HE FES Gensini 1
SM AUC 43 51K 0.706 (95% CI. 0. 658 ~0.754; [
4A)F10.724(95% CI 0. 678 ~0.771 ;& 4B) .

ETE HEZE OR(95%Cl) P EL5E OR(95%Cl) P
BIFN-y I 2.003 (1.329~3.043) 0.003 I 1.783 (1.163~2.750) 0.019
L2 1.785 (1.187~2.698) 0.010 1.677 (1.097~2.574) 0.029
L4 I e 2265(1.497~3.457) <0.001 ! 2.128 (1.385~3.298) 0.006
BIL-6 | —— 1.712 (1.139~2.590) 0.013 p— 1.605 (1.047~2.471) 0.041
BIL-17A e — 1.577 (1.050~2.379) 0.035 T — 1.472 (0.962~2.262) 0.091
BIL-12P70 —_— 2.095 (1.388~3.187) <0.001 —_— 1.946 (1.266~3.015) 0.012
BIL-10 — 0.991 (0.661~1.486) 0.964 —l 0.969 (0.631~1.488) 0.887
BlL-5 | ————— 1.789 (1.189~2.710) 0.010 | ————— 1.755 (1.147~2.703) 0.020
BIL1B — 1.189 (0.793~1.786) 0.437 e 1.118 (0.732~1.709) 0.662
B8 —_— 1.955 (1.297~2.969) 0.003 —_— 2.067 (1.350~3.192) 0.006
BIFN- o h— 1.893 (1.257~2.871) 0.005 l— 1.814 (1.184~2.796) 0.019
BTINF-« | ————— 1.712 (1.139~2.590) 0.013 | e— 1.618 (1.061~2.481) 0.039

D S
E 2. KEFEFH Logistic @35 #7 2wk E
Figure 2. Forest plot of Logistic regression analysis for inflammatory factors
BEE Bl OR(95%Cl) P &Gensiniif 4} OR(95%Cl) P

Y]
EEA ! Reference ! Reference
HLp(a)a | p—— 2.061 (1.332~3.244) 0.001 R, 1.673 (1.113~2.520) 0.013

| '  2.483(1.548-4.060) <0.001 e, 2.102 (1.332~3.344) 0.002
£ ] 1.020 (0.999~1.041) 0.065 " 1.031 (1.010~1.053) 0.004
e 1.524 (0.938~2.486) 0.090 | 1 2418 (1.461-4.046) 0.001
BMI ] 0.938 (0.877~1.003) 0.061 W 0.972 (0.909~1.039) 0.408
1 45 I 1.018 (1.001~1.036) 0.041 i 1.012 (0.995-1.029) 0.172
TR IASE ] 1.503 (0.902~2.525) 0.120 ————i 1.619 (0.997~2.639) 0.052
WER IR | m—— 2.346 (1.503~3.713) <0.001 | 4 2575(1.676~3.985) <0.001
1mRg | |
TC === 0.906 (0.591~1.382) 0.639 e 1.140 (0.724~1.934) 0.595
TG — 0.999 (0.871~1.151) 0.986 — 0.889 (0.736~1.041) 0.182
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Figure 3. Forest plot of Logistic regression analysis for high Gensini score and coronary heart disease
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Figure 4. ROC curves of high Lp(a) levels combined with traditional risk factors for predicting coronary

heart disease and high Gensini scores
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