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[ ABSTRACT] Aim To investigate the related influencing factors of major adverse cardiovascular events ( MACE)
in coronary heart disease (CHD) patients with type 2 diabetes mellitus ( T2DM) based on prognostic nutritional index
(PNI), and to construct a prediction model. Methods The clinical data of 391 patients with CHD combined with
T2DM who were hospitalised in the Department of Cardiovascular Medicine of Hebei Provincial People’s Hospital from Janu-
ary 2022 to January 2023 were collected and followed up for 1 year, and were divided into the MACE group (n=99) and
the non-MACE group (n=292) according to the presence or absence of the occurrence of MACE, and were divided into the
training set (n=273) and the validation set (n=118) in a ratio of 7 : 3 by using the computer-generated random number

method, and the patients in the training set were divided into the MACE (n=67) group and the non-MACE group (n=
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206) according to whether they had MACE or not.  Lasso regression was used to screen the relevant influencing factors
and to construct the prediction model of the column-line diagram, and the prediction model was validated by plotting receiv-
er operating characteristic (ROC) curve, calibration curve, decision curve analysis (DCA), and clinical impact curve

(CIC). Results
blood glucose (FBG), C-reactive protein ( CRP), platelet to lymphocyte ratio (PLR) , lipoprotein(a) (Lp(a)), and

Lasso regression showed that the use of angiotensin receptor neprilysin inhibitor ( ARNI) , fasting
PNI were the predictors of the occurrence of MACE in patients with CHD combined with T2DM. A column-line graph pre-
diction model was constructed and validated based on the above predictors, and the area under the ROC curve (AUC) was
0.838(95% CI . 0.778 ~0.898) in the training set and 0. 872(95% CI . 0. 803 ~0.942) in the validation set, with a good
discriminatory degree of the model, and the C-values of the calibration curves in the training set and the validation set were
0. 838 and 0. 872, respectively, with good fit.  The results of the decision curve analysis and the clinical impact curve
showed that the column-line graph prediction model had a higher net yield of MACE in patients with CHD combined with
T2DM, with high clinical utility.

CHD combined with T2DM, and the column-line graphical model constructed on the basis of predictors such as PNI is con-

Conclusion PNI is an influential factor in the occurrence of MACE in patients with

venient for clinical use and has high predictive value in predicting the occurrence of MACE in patients with CHD combined

with T2DM.
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Figure 1. Flow chart
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Table 1. Comparison of baseline data between the two groups

B TR 4k MAC #(n=292) MACE 4 (n=99) 961 Pl
RS % 65(57,72) 69(59,74) -2.602 0.009
B/ [Hl(%)] 196(67.12) 58(58.59) 2.368 0.124
LR/ (Y min) 78(70,90) 79(71,90) -0.29 0.772
W4 He/ mmHg 135(122,149) 137(117,154) -0.111 0.912
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2k

TSGR 4 MAC 4 (n=292) MACE 41 (n=99) 06 1 P

F3KE/ mmHg 78(70,87) 77(68,89) -0.236 0.813
BMI/ (kg/m?) 25.98(23.97,27.81) 25.39(23.30,28.08) -1.503 0.133
LVEF/% 63(59,66) 60(53,64) -3.401 0.001

MR s/ [ (% ) ] 77(26.37) 29(29.29) 0.32 0.572
RIS/ [ (% ) ] 34(11.64) 11(11.11) 0.021 0. 886
e I 52/ [ B (% ) ] 208(71.23) 67(67.68) 0.459 0.928
SGLT2i/[ (% ) ] 140(47.95) 49(49.49) 0.071 0.790
ARNL/[ #(% ) ] 31(10.62) 22(22.22) 8.499 0.004
ACEL/ARB/[ #(% ) ] 102(34.93) 32(32.32) 0.223 0.637
FERsy/[ (%) ] 271(92.81) 94(94.95) 0.546 0. 460
FIREEREZS /[ B (% ) ] 192(65.75) 63(63.64) 0.146 0.702
B/ MR REZ /[ F1(% ) ] 253(86.64) 87(87.88) 0.099 0.753
FBG/ ( mmol/L) 7.46(5.85,9.80) 8.55(6.50,11.00) -3.233 0.001

HbAlc/% 7.2(6.5,8.1) 7.8(6.8,8.9) -3.052 0.002
WBC/(x10°L™) 6.82(5.65,8.31) 7.71(6.07,9.44) -2.677 0.007
Hb/(g/L) 137(126,148) 134(120,147) -1.697 0.090
LYM/(x10°L™") 1.75(1.35,2.17) 1.31(1.00,1.90) -4.853 <0.001
NEU/(x10°L™") 4.70(3.53,5.95) 4.97(3.94,7.17) -1.94 0.052
PLT/(x10°L™") 224(180,267) 240(200,289) -1.91 0.056
CRP/(mg/L) 1.86(1.37,2.41) 12.36(9.65,17.75) -12.921 <0.001
NLR 2.534(1.857,3.917) 3.662(2.408,5.557) -4.579 <0.001
PLR 129.01(96.83,169.83) 151.56(121.37,213.00) -4.912 <0.001
D-D/(mg/L) 0.31(0.18,0.46) 0.37(0.21,1.17) -2.822 0.005
FIB/(g/L) 3.05(2.61,3.67) 3.32(2.85,4.46) -3.244 0.001

eGFR/[ mL/(min + 173 m*) ] 91.77(77.28,100.04) 84.34(62.87,96.68) -2.841 0.005
TC/( mmol/L) 4.10(3.32,5.04) 4.03(3.28,5.21) -0.164 0.870
TG/ ( mmol/L) 1.36(0.94,2.11) 1.28(0.98,1.84) -1.018 0.309
HDLC/ ( mmol/L) 1.00(0.85,1.20) 1.02(0.86,1.23) -0.333 0.739
LDLC/ ( mmol/L) 2.54(1.96,3.20) 2.41(1.92,3.33) -0.205 0.838
Lp(a)/(mmol/L) 147.50(81.83,265.28) 356.90(105.50,531.80) -4.791 <0.001
PNI 46.23(42.60,49.20) 40.65(35.50,44.80) -7.572 <0.001
ALB/(g/L) 37.2(34.2,39.7) 33.7(28.3,37.4) -5.871 <0.001

x2. IGEEEER
Table 2. Baseline data of training set

TR GOk 4E MAC #H(n=206) MACE 4 (n=67) G 06 (L P1a

i % 65(57,71) 68(58,73) -1.429 0.153
B[ B(% )] 139(67.48) 41(61.19) 0.888 0.346
L3/ (IK/min) 78(70,89) 79(70,91) -0.592 0.554
W4 ./ mmHg 134(122,148) 140(119,153) -0.378 0.706
&5k ./ mmHg 77(69,86) 78(70,89) -0.365 0.715
BMI/ (kg/m*) 26.11(24.17,28.11) 25.07(23.30,27.68) -1.884 0.060
LVEF/% 63(59,66) 62(56,65) -1.616 0. 106
M KR/ [ (% ) ] 59(28.64) 19(28.36) 0.002 0.965
YA/ [ (%) ] 25(12.14) 5(7.46) 1.129 0.288
fe L S/ [ (% ) ] 146(70.87) 48(71.64) 0.292 0.962
SGLT2i/ [ ( % ) ] 101(49.03) 31(46.27) 0.154 0. 694
ARNI/[B(% ) ] 23(11.17) 16(23.88) 6.676 0.010




CN 43-1262/R " EZIkAE LA 2025 4E55 33 4555 2 1) 129
2k

FEL TR 4 MAC 41 (n=206) MACE 4 (n=67) LX) P1i
ACEI/ARB/[ (% ) ] 69(33.50) 23(34.33) 0.016 0.900
Felezh/ [ (% ) ] 187(90.78) 64(95.52) 0.963 0.326
FRRREREZ /[ B (% ) ] 142(68.93) 46(68.66) 0.002 0.966
B MR B2/ (%) ] 174(84.47) 59(88.06) 0.522 0. 470
FBG/ (mmol/L) 7.59(5.86,9.83) 8.49(6.50,10.38) -2.277 0.023
HbAlc/% 7.2(6.5,8.4) 7.7(6.6,8.6) -1.316 0.188
WBC/(x10°L™) 7.02(5.90,8.46) 7.36(5.84,8.81) -0. 843 0.399
Hb/(g/L) 138(125,149) 136(124,148) -0.68 0.497
LYM/(x10°L™) 1.77(1.42,2.23) 1.26(1.00,1.82) -5.297 <0.001
NEU/(x10°L™") 4.90(3.62,6.06) 4.82(3.70,6.58) -0.35 0.726
PLT/(x10°L™") 226(181,267) 235(189,276) -0.73 0.465
CRP/(mg/L) 1.86(1.48,2.45) 12.96(10.12,17.75) -10.786 <0.001
NLR 2.597(1.863,3.929) 3.621(2.570,5.640) -3.848 <0.001
PLR 128.34(94.48 ,164.11) 152.26(125.43,213.68) -4.465 <0.001
D-D/(mg/L) 0.31(0.18,0.44) 0.32(0.21,0.95) -1.513 0.130
FIB/ (g/L) 3.10(2.63,3.67) 3.26(2.88,4.15) -1.929 0.054
eGFR/[ mL/(min + 173 m*) ] 92.00(76.00,101.00) 85.00(72.00,97.00) -1.791 0.073
TC/ ( mmol/L) 4.11(3.35,5.09) 4.17(3.31,5.16) -0.132 0.895
TG/ ( mmol/L) 1.34(0.94,2.15) 1.25(0.92,1.83) -1.051 0.293
HDLC/ ( mmol/L) 0.99(0.85,1.17) 1.04(0.87,1.22) -0.838 0.402
LDLC/ ( mmol/L) 2.55(1.97,3.20) 2.41(1.89,3.30) -0.029 0.977
Lp(a)/(mmol/L) 142.55(78.08,271.75) 350.60(84.80,519.70) -3.061 0.002
PNI 46.75(43.59,49.50) 40.65(35.65,44.60) -7.028 <0.001
ALB/(g/L) 37.6(34.3,40.0) 33.8(29.0,37.8) -4.841 <0.001
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Figure 2. Lasso regression analysis of the training set
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Figure 3. Multivariate Logistic regression analysis of

MACE occurrence in two groupsof patients

2.4 BEBIWMNMEBEXE MACE B & EHRE

FET Lasso [PIH 4B 0 158 1 B9 6 A F000 A = 44
AF LR b PLR . CRP PNI fIF 5 4B 405,
BN RIS TR (] v 45 A% 6 7E < 4B 26 X g i A5
AN AR B S SRS M S e BT 4 B s
X R “MACE &A= 28 | 15 3% 88 % & MACE

IR (K1 4)
2.5 TR R 3 E
2.5.1 K#%J%  LLARNI.FBG.CRP .PLR.Lp(a).

PNI F4) 4 (1 TR 7R A A7 1, DL 22 BR PNTLARNI

0.8

Sensitivity
o
o

o
~

02
i — Model 1 AUC:0.838(95%CI:0.778~0.898)

— Model 2 AUC:0.788(95%Cl:0.723~0.853)
Model 3 AUC:0.799(95%Cl:0.737~0.862)

| |
0.8 1.0

| |
0.4 0.6
1-Specificity

0 0.2

: nomogram
Points
0 10 20 30 40 50 60 70 80 90 100
Lp(a) B
0 1000
PBG ————
17 18
ARNI  —
0 06 1
PLR e e
0 100 200 300 400
CRP %
0 50 100 150 200 250 300
PNI
65 60 55 50 45 40 35 30 25
Tatal points
140 160 180 200 220 240 260 280 300
Odds(outcome) r T Tree T T Trrpe—
0005 002 006 02 0.8 3 10 40 110 250

El 4. CHD &3 T2DM H£E X% MACE BI5 & B E
Figure 4. Nomogram model for predicting MACE in
patients with CHD complicated with T2DM

FBG .CRP \PLR Lp(a) % 2, Ll Lambda. 1se ff
PERY PNIPLR SRS 3,47 ROC #hZ 43 HT, 45 3 8
ANIINZREEREAY 1 1) ROC HZ% T 1 AL (area under the
ROC curve, AUC) 4 0. 838 (95% CI:0.778 ~0.898) ,
BRI 2 ) AUC 0. 788(95% CI:0. 723 ~0. 853) ,f&
B3 5y AUC S 0.799(95% CI:0. 737 ~0. 862 ) ; KaiiF
SRR 1 () AUC 4 0.872(95% CI:0. 803 ~0.942) ,
FEHI2 () AUC 24 0. 857(95% CI:0. 786 ~0.927) ,#4i
%13 1) AUC 25 0.700(95% CI:0. 583 ~0.817) , £
PNI JE A 2 YII 25 R UESE 1Y AUC 43 314545 H
BT 1 I 5.97% (1. 72% , F& W PNT 7 1 i A5 7Y e
AT s B /E A, EARYE Lambda. 1se #4178 (145 7Y
3, TEVIGREE R B IFEE () AUC 43 918545 A RS 1 %
4.65% 19.72% A, FR 78 ARNI,FBG ,CRP .
PLR Lp(a) ,PNI A4 9 T5000 45 70 58 GEIEAl CHD £
JF T2DM & KA MACE FIRUES: (L 5)

B 1.0~

“““““““

0.8

o
o
T

Sensitivity

1
IS
T

02!
— Model 1 AUC:0.872(95%C]l:0.803~0.942)
--- Model 2 AUC:0.857(95%C]l:0.786~0.927)

Model 3 AUC:0.700(95%CI:0.583~0.817)

|
0 0.2

| 1
0.4 0.6
1-Specificity

1.0

B 5. MuREE ROC #Zk
A HYIZRAE B HRAIESE
Figure 5. ROC curve of the predictive model



CN 43-1262/R 1 [Eah ik fb42ids 2025 4F5 33 555 2 )

131

2.5.2 REHE i3 Bootstrap H fliAE 15 X 51 £k
B2 ] Calibration KM 2 | 45 3 iR | AR
TENAEF I UEEE 1Y C (E 43910 0. 838 .0. 872, %

A 1.0~ Dxy 0.675
C(ROC) 0.838
R2 0.387
B 0.297
-0.007
0.8 q 0.305
Brier 0.123
> Intercept  0.000
= Elope 1.000
o L max 0.065
s 08 E90 0.051
[ Eavg 0.026
a g:z -0.401
= : 0.688
Soa4f 7P
<
—— |ldeal
02k — Logistic calibration
) e Nonparametric
----- ’ a  Grouped observations
ot .|.|||||.||.|I||.|.|| Wbl b 0 e bl
| 1 | 1

|
0.4 0.6
Predicted probability

0 0.2 0.8

1.0

WA St 255 BIAR il 2B I, T e T S
STPMER) R4 — B UG (E 6) .

.74
C(ROC) 0.872
R2 0.443
D 0.356
o8L U -0.017
Q 0.373
Brier 0.130
2 Intercept  0.000
= Slope 1.000
Q06F Emax 0128 .
-8 E90 0.099
s Eavg 0.044
= Sz 0.182
S 04l Sp 0.855 ..
g
—— |deal
0ok — Logistic calibration
. A e Nonparametric
a Grouped observations
ok L R A PP
1 | 1 1 | J

0 0.2 0.4 0.6

Predicted probability

0.8 1.0

B 6. FUMEEEIZREFNMIUESEAT Calibration £ H 2k
A RN B N EIESE

Figure 6. Calibration curves of the predictive model in the training and validation sets
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Figure 8. Clinical impact curvesof the predictive model in the training and validation sets
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