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Abstract Objective To construct and to validate a nomogram prediction model based on
Lipoprotein-associated phospholipase A2 (Lp-PLA2) and Lipoprotein(a) [LP(a)] for predicting the
risk of major adverse cardiovascular events (MACE) in patients with coronary heart disease
(CHD). Methods A retrospective analysis was conducted on the clinical data of 442 patients
with coronary heart disease (CHD). Among them, 411 patients who completed follow-up were
randomly divided into a training set (288 cases) and a validation set (123 cases) at a 7:3 ratio.
Independent risk factors for major adverse cardiovascular events (MACE) in CHD patients were
screened through Lasso regression analysis and Cox regression analysis, and a nomogram
prediction model was constructed. The predictive performance of the model was evaluated using
time-dependent receiver operating characteristic (ROC) curves, calibration curves, and decision
curve analysis. Results Variables were screened through Lasso regression and Cox regression
analysis. The final model included nine independent predictors, namely age, smoking history,
clinical phenotype of CHD, the number of coronary artery lesions, Gensini score, BNP, Lp-PLA2,
LP(a), and the history of statin use. The area under the ROC curve in the training set was 0.897,
0.885, and 0.909 at 1, 2, and 3 years, respectively; The area under the ROC curve in the validation
set was 0.885, 0.881, and 0.923 at 1, 2, and 3 years, respectively. These results demonstrated that
the model had excellent discriminatory power.The calibration curves and decision curves
demonstrated that the model had high clinical practicality in predicting the occurrence of MACE
in CHD patients. Conclusion The nomogram prediction model based on LP-PLA2, LP(a) and
other risk factors provides an effective tool for the prognosis assessment of CHD patients,
facilitating the early identification of high-risk patients and enabling individualized intervention.
Key words lipoprotein-associated phospholipase A2; lipoprotein (a); coronary heart disease;
nomogram; prognostic prediction model; risk factor
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TR BN K S RERE AL 1 O IF% (coronary heart disease, CHD) F&—Fb 15 ik s FEAg AL 5] 2
FRBN KA L PHZERE T S BCO AR ML SR ZEIRTER) O MUE RGP SRR B KI5 AN
JEE DR B0 P T ST S 4 4 1L 3 S AR RS 2 T CHD LA RS Bh e PR 17 T B A 5 A
B 252 HVER TR CHD B A A EZ O M A RFA (major adverse
cardiovascular events, MACE) M. It F 450 CHD E#H WS A RE R, RPN TS
ANMER CHD 38 I S I 45 T a6 Y7 0N B 2 i 5 A DX 16 B8 A2(lipoprotein-associated
phospholipase A2, Lp-PLA2) A1/l A (a)[lipoprotein (a), LP(a)]{E 9 4 % iIR% Cobn E4,
CUHIE SEAE R HE B Ko FE R BEH AR B 1 . MACE B b R B AR I, ST, LA
WHFL 2 4L T B —Fa bt CHD S35 T I TR ARE,  T1 266 T 22 ol S E 48 b 1) 2 TR A 234 11
BT o FIRIENE N 2 PR ARG TN TR, @8I B SIGRBORE, 5 2 TR AL e Ak ]
MALVRS> RS0, FE O MUE TS PPAS R AR 34 . Bil4n, Zhang et alB®5F & 1 51 42 1 A
Dy TN S A O IURE B 5838 28 Je TR IR B kA AR S5 87 s BRI o TR R AR AIT 5 I A2 5 T
Lp-PLA2 il LP(a), 454 HAthIERfabs, % CHD H# K4 MACE XU iR, LA
JUIE i R S e b BT CHD S8 A7 AEAS R TS o ARG, AR AN St AL AR it
A -

1 R 5T

LIRS [BUEPEGNN 2019 4F 1 H % 2020 4F 12 A T BB 55— I B2 B b
B X0 L N RHE B IR T 1 CHD B3 442 il AN4lbsie: (O 74 2018 Ak CHD &
53697 TEREER 2019 4F A TRk SE A IE 2isPUE 2 A R, @ AR B T AT E
RENIKIE R, 450 R: FERDRSNKH E DA 1 S MERE=50%: @ KTk T @ H
FESIA U HeBbre: O 20328 s 4 $<80%) SRk i ik O L
ORI ) ML sAE kG . Q) MEAFE AR E: @ FREE: ® &
PERIRE T : © RUBMEERYE R RGN D BLLBORA R . AW AT B

T, FTINEHREY CE AL, fFE Rk REVEREF A Z0R, #if/RFEE S Mt E
JE
12 BERT5

1.2.1 —fgoRbScsE  JEI R B T SR G e A AR — MR R BORE, A I
R BT ETRE (body mass index, BMI). CHD IGRER . WH s, YOl s, miflEs
I N TS T A7 N T e



122 ST YR CHD 838 ARt fa & 8 U LR 3 45 5, 4045 Lp-PLA2.
LP(a). WIA585 | (cardiac troponin I, CTnl). fixi#AJik (brain natriuretic peptide, BNP). [
4Hfa 1%L (white blood cell count, WBC). £L4HM 1144 (red blood cell count, RBC). 4L
#E [ (Hemoglobin, HB). #EfFIfiLk# (fasting plasma glucose, FPG). JRE Curic acid, UA).
JILEF Ccreatinine, CRE). H =& (triglyceride, TG). & JH[EEE (totalcholesterol, TC).
7 95 I 4K 1 JIH [ % Chigh density lipoprotein cholesterol, HDL-C) . i %5 i i & 14 JH & % (low

density lipoprotein cholesterol, LDL-C) %,

1.2.3 jel IR B bk i 45 R AR BN 52 2 e 4 B0 VB AR N BRI e R 12678 48 L
BRENKZERITTE, FIER FERIGENL . A RRIIOT DTGk, KM Gensini 153
% CHD & (RSB = B2 FEEATVRAN . O TR B 42 F2 FE<25%- 26% ~50%. 51%
~75%. 76% ~90%. 91%~99%. 100%4r Bt A 148 2 45\ 445 845, 1645, 3245: @
WAL VR EEFICN 5 78, A RTRESCERE e S Bad N 2.5 7p, ZERTRESC T BOd N
15 70, Elleschm B, ERibESGm B dikic v 17y, HR/ha3idh 05 0. =%
HISERI Y Gensini PFr 45 K. TIRBIIKE SOWARE N 20 2 X ZEREN kel 3= 23
SCHARE I 50% /B T A . Gensini W4 KGR ARSI IKE AL SCHI 2 4 UL EA T
F 8 RO AR AN B ITERA

1.2.4 BEV5 7 WS CHD &tk 3 fFNHE 6 D H BT — IR HIEBEYT, BEVIAL
IEHI 2023 42 12 A 31 H, PrA BHR A FRE . TR& kA MACE, & SCA A
EROEIR. S OAELE. M ERE TR (B REGERIKAN NIRIT ARSI A A
) D SIEEE AR EARELERE] Coverall survival, OS) & SCMMH Bt H IS B4
KA MACE [ Ta] o i 58 i BE U 1) B 4 7:3 I ELBIBEHL 73 A I SR EE RIS RS . I 2R
et TR @ A, SR SR A T PR Al LT e

1.2.5 Giitor b s L] SPSS 29.0.1 B R 4.3.1 AT HE AL B . IEZS . WS/t
BRI IR X 25« M (Pas, Prs) BEATHEIA, 410 BB R I OIFEAR t K.
Man-WhitneyU FRFIRGSS ;s THECEERER A n (%) #HTHIER, A EECR Hy? 15 . KA #
K% Cox [EIJH43H Al Lasso [l )AL &, 454 2 K& Cox BIHA @ s & ESER, Jf
RiF R 4.3.1 FERFN A IR, A B[R] 4060 14 52 30 CARG-E T 28 (time-dependent
receiver operating characteristic curve, time-dependent ROC) Hi£k [ A7 (area under the curve,

AUC). ezl whaiahZk (decision curve analysis, DCA) WP X 73 FE . BEHERE . IR



PRIR B MEBEAT IO TE . A0 FR I FORU L 3, P<0.05 Fon 2 Rl Giih %58 Lo

2 8%

2.1 BEFL BRI LR ARPAE AFTEIEGIN 442 Bl B, GINTIE FC I 503 A3 BV, %
PN 3L N, BHVIF 92.99%, AN 411 I, 42 7:3 IELBIBENL > I 2E, Hordh 288
NETFINGE, 123 NETRIEE, * 1AL T EENEEN OGIHERMIEREE. B
35 e R 1 P K g T e o g S ) b, 9 2L ) B LR AR 1 B B 2

(P>0.05),
F£1 ABBELHSH n(%), XES,M(Pzs, Prs)]

Tab. 1 Baseline analysis of the cohort [n (%), X £ S, M (Pzs, Prs)]

Groups
Factors Total Training set Validation st~ Z/t/x? va|I3ue
(n=411) (n=288) (n=123) value
Gender 1.07 0.302
Female 183 (44.5%) 133 (46.2%) 50 (40.7%)
Male 228 (55.5%) 155 (53.8%) 73 (59.3%)
Age (years) 66 (57, 73) 66 (57, 72) 64 (56, 73) -0.61  0.543
BMI 245+3.3 24.4+3.4 245+3.1 -0.17 0.862
History of smoking 1.43 0.231
No 252 (61.3%) 182 (63.2%) 70 (56.9%)
Yes 159 (38.7%) 106 (36.8%) 53 (43.1%)
History of drinking 2.51 0.113
No 250 (60.8%) 168 (58.3%) 82 (66.7%)
Yes 161 (39.2%) 120 (41.7%) 41 (33.3%)
History of hypertension 1.05 0.304
No 166 (40.4%) 121 (42.0%) 45 (36.6%)
Yes 245 (59.6%) 167 (58.0%) 78 (63.4%)
History of diabetes 0.12 0.730
No 312 (75.9%) 220 (76.4%) 92 (74.8%)
Yes 99 (24.1%) 68 (23.6%) 31 (25.2%)
CHD clinical phenotype 7.12 0.068
Stable coronary heart disease 316 (76.9%) 221(76.7%) 95 (77.2%)
STEMI 40 (9.7%) 32 (11.1%) 8 (6.5%)
NSTEMI 29 (7.1%) 15 (5.3%) 14 (11.4%)
Unstable angina 26 (6.3%) 20 (6.9%) 6 (4.9%)
Number of coronary artery 0.00 0.995
lesions Single vessel disease 234 (56.9%) 164 (56.9%) 70 (56.9%)
Multiple vessel disease 177 (43.1%) 124 (43.1%) 53 (43.1%)
Gensini score 18 (11,28) 17 (12,26) 18 (11,28) 022 0.825
WBC (x<10%/L) 6.44 (5.54, 7.43) 6.46 (5.51,7.43) 6.38(5.61,7.38)  -0.18  0.858



RBC (x<10%2/L)
HB (g/L)

PLT (x<10%/L)
ALT (U/L)

AST (U/L)

BUN (mmol/L)
CRE (umol/L)
UA (umol/L)

TC (mmol/L)

TG (mmol/L)
HDL-C (mmol/L)
LDL-C (mmol/L)
Apo Al (g/L)
Apo B (g/L)
CTnl (ng/ml)
FPG (mmol/L)
BNP (pg/ml)
Lp-PLA2 (ng/ml)
LP(a) (mg/L)
APTT (s)

PT (s)

Clinical medication history
Statins
No
Yes
Aspirin
No
Yes
Clopidogrel
No
Yes
B-blocker
No
Yes
Nitrate esters
No
Yes
ACEI/ARB/ARNI
No
Yes
Calcium channel blocker
No

4.44 (4.05, 4.74)
135 (124, 145)
191 (159, 227)

19 (13, 28)
20 (17, 25)
551 (4.61, 6.53)
65 (54, 76)
331 (277, 411)

3.82 (3.25, 4.49)

1.32 (0.96, 1.93)

1.05 (0.91, 1.24)

2.17 (1.70, 2.77)

1.17 (1.02, 1.31)

0.72 (0.60, 0.84)

0.01 (0.01, 0.01)

5.46 (4.99, 6.37)

31 (14,69)
154 (114, 220)
185 (117, 470)

35.40 (33.20,37.70)

13.20 (12.80,13.70)

173 (42.1%)
238 (57.9%)

301 (73.2%)
110 (26.8%)

360 (87.6%)
51 (12.4%)

296 (72.0%)
115 (28.0%)

311 (75.7%)
100 (24.3%)

278 (67.6%)
133 (32.4%)

220 (53.5%)

4.42 (4.06, 4.71)
135 (123, 144)
194 (158, 229)

20 (13,29)
20 (17, 25)
5.49 (4.64, 6.51)
66 (54, 77)
328 (273, 412)

3.86 (3.29, 4.54)

1.32 (0.96, 1.89)

1.07 (0.92, 1.25)

2.06 (1.74, 2.84)

1.20 (1.03, 1.33)

0.73 (0.61, 0.85)

0.01 (0.01, 0.01)

5.43 (4.93, 6.32)

30 (14, 72)
154 (113, 220)
184 (119, 468)

35.60 (33.50,37.70)

13.20 (12.80,13.80)

121 (42.0%)
167 (58.0%)

205 (71.2%)
83 (28.8%)

254 (88.2%)
34 (11.8%)

203 (70.5%)
85 (29.5%)

222 (77.1%)
66 (22.9%)

195 (67.7%)
93 (32.3%)

168 (58.3%)

4,52 (4.04, 4.79)
136 (125, 146)
185 (163, 219)

19 (14,28)
20 (17,24)
5.62 (4.56, 6.71)
64 (54, 75)
340 (283, 401)

3.67 (3.08, 4.39)

1.35 (1.00, 2.15)

1.01 (0.85, 1.18)

2.04 (1.63, 2.60)

1.14 (1.02, 1.25)

0.72 (0.59, 0.82)

0.01 (0.01, 0.01)

5.47 (5.04, 6.42)

33 (15, 61)
155 (116, 215)
190 (106, 475)

34.90
(32.80,37.70)

13.10
(12.60,13.40)

52 (42.3%)

71 (57.7%)

96 (78.0%)
27 (22.0%)

106 (86.2%)
17 (13.8%)

93 (75.6%)
30 (24.4%)

89 (72.4%)
34 (27.6%)

83 (67.5%)
40 (32.5%)

52 (42.3%)

-1.02
-0.46
-1.07
-0.41
-0.97
-0.50
-0.68
-0.18
-1.61
-0.93
-2.33
-2.06
-1.83
-1.03
-1.65
-1.03
-0.66
-0.16
-0.21
-1.17

-2.10

0.00

2.07

0.32

112

1.05

0.00

1.95

0.309
0.645
0.284
0.681
0.330
0.615
0.495
0.860
0.108
0.351
0.020
0.039
0.067
0.301
0.100
0.303
0.511
0.869
0.830

0.242

0.036

0.961

0.150

0.570

0.289

0.307

0.964

0.163



Yes 191 (46.5%) 120 (41.7%) 71 (57.7%)

2.2 NHENFRRER Cox HIFAHT FLR R Cox [HIA T &, P (P=0.026).

BMI (P<<0.001). M/ sE (P<<0.001). CHD k&R (P<<0.001). bARBNMKIHAE L HL (P
<<0.001). Gensini #4; (P<<0.001). H#HMEH#L (P=0.003). ZL4Hit% (P=0.018). Ifi
218 A (P=0.006) 1% F% I8 2 (1 HE B (P=0.010). =g fik# (P<<0.001). BNP (P=0.034).
Lp-PLA2 (P<<0.001). LP(a) (P<<0.001). fhyT28Z¥HZi5 (P<0.001) Il &Kok &k
HefiE4H]77 Cangiotensin converting enzyme inhibitor, ACED) /ILF 'S5k Z 1| 2 A& P71
(angiotensin receptor blocker, ARB) /Ifil % ¥ 5k 2 52 44 i E K BT i1 751 Cangiotensin receptor

neprilysin inhibitor, ARND) FZ§% (P=0.006) 5 CHD H & fijEtHoc. W& 2.
F2 YIHEEERK Cox EIFZHT

Tab. 2 Univariate Cox regression of training set

Factors HR 95% ClI P value

Gender

Female

Male 0.74 (0.56-0.96) 0.026
Age (years) 1.01 (0.97-1.05) 0.657
BMI 1.04 (0.97-1.05) 0.657
History of smoking

No

Yes 2.17 (1.65-2.85) <0.001
History of drinking

No

Yes 0.76 (0.58-1.00) 0.053
History of hypertension

No

Yes 1.18 (0.89-1.54) 0.247
History of diabetes

No

Yes 1.38 (1.01-1.54) 0.247
CHD clinical phenotype

Stable coronary heart disease

STEMI 2.95 (1.97-4.41) <0.001
NSTEMI 3.72 (2.16-6.41) <0.001
Unstable angina 2.78 (1.72-4.50) <0.001

Number of coronary artery
lesions Single vessel disease
Multiple vessel disease 3.68 (2.77-4.88) <0.001



Gensini score
WBC (=<10%/L)
RBC (x<10*?/L)
HB (g/L)
PLT (><10%L)
ALT (U/L)
AST (U/L)
BUN (mmol/L)
CRE (umol/L)
UA (umol/L)
TC (mmol/L)
TG (mmol/L)
HDL-C (mmol/L)
LDL-C (mmol/L)
Apo Al (g/L)
Apo B (g/L)
CTnl (ng/ml)
FPG (mmol/L)
BNP (pg/ml)
Lp-PLA2 (ng/ml)
LP(a) (mg/L)
APTT (s)
PT (s)
Clinical medication history
Statins
No
Yes
Aspirin
No
Yes
Clopidogrel
No
Yes
B-blocker
No
Yes
Nitrate esters
No
Yes
ACEI/ARB/ARNI
No
Yes
Calcium channel blocker
No

1.04
0.87
0.74
0.99
1.00
0.99
0.99
1.02
1.00
1.00
1.04
1.00
0.88
1.20
0.84
0.96
1.05
1.09
1.00
1.01
1.00
1.00
1.09

0.38

0.92

1.01

0.97

0.74

1.49

(1.03-1.05)
(0.80-0.96)
(0.57-0.96)
(0.98-1.00)
(1.00-1.00)
(0.98-1.00)
(0.98-1.01)
(0.93-1.12)
(0.99-1.01)
(1.00-1.00)
(0.92-1.18)
(0.99-1.01)
(0.50-1.55)
(1.04-1.37)
(0.43-1.64)
(0.89-1.04)
(0.87-1.28)
(1.01-1.19)
(1.00-1.00)
(1.01-1.01)
(1.00-1.00)
(0.97-1.04)
(0.92-1.28)

(0.29-0.51)

(0.68-1.24)

(0.66-1.53)

(0.72-1.31)

(0.53-1.04)

(1.12-1.98)

<0.001
0.003
0.018
0.006
0.925
0.156
0.414
0.677
0.832
0.937
0.525
0.726
0.663
0.010
0.617
0.371
0.603
<0.001
0.034
<0.001
<0.001
0.931
0.302

<0.001

0.581

0.969

0.835

0.087

0.006



Yes 1.10 (0.84-1.45) 0.485

2.3 YSRE AR Lasso BH4HiF1Z K& Cox 4#7 ¥ CHD &I — M7k}, SLip =
T B bR Gensini PF43 bR 20 ik 28 SCEUR IR R 24 52 4% 39 ME R4 Lasso [l JH 734
20T L HUEN 0.135 B, Bk sl Rk, BTN ENEE . WEE. CHD
IARRAL., ARBIORAE B, Gensini ¥£43. BNP. Lp-PLA2. LP(a)fiftyT R34 H 2

(E 1. B 2). ¥ Lasso [B]JH 53 i i i AE B E— DI Z K 3R Cox [BIASHT, 4R ER
FEHY (P=0.013) W 5 (P=0.015). BNP (P<<0.001). Lp-PLA2 (P=0.031). LP(a) (P=0.015).
CHD IIfRFE R FE ST Bidam AL IEESE (non-ST-segment elevation myocardial infarction,
NSTEMD) (P<<0.001). jeRBNBKHAE % (P<<0.001). Gensini ¥4 (P=0.035) AAhiTIH
ZiYHZi s (P<<0.001) y CHD &3 K4 MACE [ fEf R 2. W& 3.

B 1 Lasso EIHA$E log WK RE

Fig.1 Mapping between Lasso regression coefficient and log (1) values



B 2 Lasso FiEffik log ()E

Fig. 2 Lasso method filtering log () graph

3 VIHEZHER Cox HIHAHT

Tab.3 Multivariate Cox regression analysis of training set

Factors HR 95% ClI P value
Age (years) 1.019 (1.004-1.034) 0.013
History of smoking
No - - -
Yes 1.465 (1.077-1.990) 0.015
BNP (pg/ml) 1.001 (1.001-1.001) <0.001
Lp-PLA2 (ng/ml) 1.003 (1.001-1.006) 0.031
LP(a) (mg/L) 1.001 (1.000-1.002) 0.015
CHD clinical phenotype
Stable coronary heart disease - - -
STEMI 1.359 (0.868-2.128) 0.181
NSTEMI 2.788 (1.584-4.906) <0.001
Unstable angina 1.331 (0.758-2.338) 0.320
Number of coronary artery lesions
Single vessel disease - - -
Multiple vessel disease 2.440 (1.762-3.379) <0.001



Gensini score 1.013 (1.001-1.025) 0.035
The history of statin use

No

Yes 0.541 (0.405-0.723) <0.001
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Fig. 3 The nomogram of OS in CHD patients at 1, 2, and 3 years
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Fig. 4 Time-dependent ROC curve of training set and validation set
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Fig.5 Calibration curves of the training set at 1, 2 and 3 years
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Fig. 6 Calibration curves of the verification set at 1, 2 and 3 years
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Fig. 7 Decision curves of the training set at 1, 2 and 3 years
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Fig. 8 Decision curves of the verification set at 1, 2 and 3 years
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