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[ ABSTRACT] Aim To evaluate the value of the monocyte-to-high density lipoprotein cholesterol ratio ( MHR)
combined with systemic inflammation response index ( SIRI) in predicting the risk of heart failure ( HF) readmission in
elderly patients with type 2 diabetes mellitus (T2DM) and acute coronary syndrome ( ACS) , and to establish a risk predic-
tion model. Methods In this retrospective cohort study, 775 elderly inpatients with T2DM and ACS hospitalized in
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the Affiliated Hospital of Inner Mongolia Medical University from January 2023 to October 2025 were enrolled.  The prima-

ry endpoint was the first readmission for HF in our hospital from discharge to the data cutoff date.  All patients were ran-

LASSO regression followed by

multivariate Logistic regression was used to identify independent predictors and construct the prediction model.

domly divided into a training set (n=542) and a test set (n=233) at a ratio of 7 : 3.
Model per-
formance was assessed using receiver operating characteristic ( ROC) curves, calibration curves, and decision curve
analysis, and a nomogram was established.

Results

The SHAP method was used to quantify the contribution of each predictor to
the model. A total of nine independent predictors were identified; sex, history of primary stent implantation ,
history of secondary stent implantation, platelet count ( PLT), low density lipoprotein cholesterol ( LDLC), globulin
(Glo) , left ventricular ejection fraction (LVEF), MHR and SIRI.
MHR (OR=4.464, 95% CI. 2.972 ~6.704, P<0.001) and higher SIRT (OR=1.360, 95% CI. 1.015 ~1.823, P=
0.039) were independently associated with an increased risk of HF readmission, whereas higher LVEF (OR=0. 320, 95%
CI. 0.233 ~0.439, P<0.001) was independently associated with a reduced risk of HF readmission.

Logistic regression model achieved an area under the curve (AUC) of 0. 917, demonstrating good discrimination and cali-

Multivariate Logistic regression showed that higher

In the test set, the

bration.

SHAP analysis showed that MHR contributed most to the model prediction, followed by LVEF.
MHR combined with SIRI effectively predicts the risk of HF readmission in elderly patients with T2DM and ACS.

Conclusion
The Lo-

gistic regression-based nomogram showed good predictive performance and potential clinical utility.
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Figure 1. Flow chart of patient selection, group

assignment and analysis workflow
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Table 1. Comparison of baseline characteristics between patients with and without HF readmission in

the training and test cohorts

IR S

ﬁ

RS

il

R HF #ABEH

[ HF FEA B4

P K H HF FRA B4 R HF FEA B4 P

Bra/[H(%)]
iy, %
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- Il 254k M4
K HF FABE A HF FEABE4L P A H HF FRAB£4L B HF A BE 4 P
HIRZHEAL/[H1(%) ] 252(57.9) 45(42.1) 0.004 111(59.4) 19(41.3) 0.041
TIREHRAS/[BI(% ) ] 140(32.2) 12(11.2) <0.001 60(32.1) 3(6.5) <0.001
IR s/ [ (% ) ] 201(46.2) 51(47.7) 0.871 86(46.0) 20(43.5) 0.888
s/ L% ) ] 101(23.2) 23(21.5) 0.801 34(18.2) 7(15.2) 0.797
RS/ [ (% ) ] 0.561 0.862
¥ 144(33.1) 36(33.6) 63(33.7) 18(39.1)
I 1 4% 41(9.4) 6(5.6) 11(5.9) 3(6.5)
FRIE 2 %% 89(20.5) 26(24.3) 46(24.6) 9(19.6)
B 3 G 161(37.0) 39(36.4) 67(35.8) 16(34.8)
H 2R (x10° L) 6.53(5.65,7.87) 6.53(5.52,7.79)  0.511  6.41(5.58,8.05) 6.38(4.85,7.60)  0.176
Hr R AN (x10° L) 4.00(3.27,5.00) 4.18(3.38,5.25)  0.165  3.94(3.23,5.00) 3.82(3.20,4.88)  0.777
W EL A M0 (x10° L71) 1.78(1.47,2.25) 1.43(1.04,1.77)  <0.001  1.84(1.36,2.30) 1.33(1.05,1.79)  <0.001
PR AR (x10° L7Y) 0.42(0.33,0.54) 0.54(0.48,0.61) <0.001  0.41(0.33,0.52) 0.51(0.44,0.64) <0.001
LTAAMITHEL (x10° L) 4.76(4.36,5.12) 4.53(4.23,4.95)  0.005 4.7320.58 4.43+0.72 0.01
MLIEH/ (g/L) 148.00(136.00,159.00) 143.00(132.00,153.00)  0.029  148.00(135.00,157.50) 137.00(124.00,152.00) 0.006
/MR (x10° L7 195.00(158.50,230.00) 179.00(144.50,231.00)  0.058  189.00(163.50,228.00) 182.50(146.50,243.00) 0.595
LA 43 L % 27.20(21.80,33.65) 21.60(17.75,27.85) <0.001 27.30(21.95,33.50) 23.05(19.32,26.93) <0.001
R 20 i T 43 L % 63.60(56.55,69.30) 67.00(61.60,71.70) <0.001 63.10(56.65,68.50) 65.95(61.75,71.78) 0.008
FPG/(mmol/L) 7.30(6.41,8.60) 7.30(6.63,8.60) 0.31 7.30(6.53,8.60) 7.75(6.93,8.78)  0.091
HbAlc/% 7.50(6.90,8.49) 7.50(7.10,8.50)  0.228  7.60(6.90,8.76) 7.60(6.91,8.80)  0.959
S E 2/ ( mmol/ L) 3.65(3.04,4.50) 3.73(3.06,4.67)  0.475  3.76(3.16,4.64) 3.71(3.15,4.66)  0.925
Hih =8/ (mmol/L) 1.39(0.99,2.03) 1.31(0.91,1.79) 0.065 1.52(1.15,2.07) 1.21(0.91,1.96)  0.029
LDLC/ ( mmol/L) 2.03(1.56,2.60) 2.23(1.66,2.92)  0.019  2.12(1.56,2.71) 2.33(1.73,2.91)  0.146
HDLC/ ( mmol/L) 1.13(1.00,1.27) 0.84(0.71,0.93)  <0.001 1.17+0.24 0.81+0.15 <0.001
WaE R Hu/ (U/L) 20.60(15.15,29.10) 20.65(16.10,31.35) 0.529 19.60(13.95,27.05) 20.30(13.72,31.57) 0.739
KRG RAIEEHE/ (U/L)  19.20(16.00,23.70) 21.40(17.30,26.05) 0.032 18.70(15.05,23.00) 19.62(16.32,30.93) 0.071
v e KA/ (U/L) 27.00(20.00,34.20) 27.00(27.00,57.70) <0.001 27.00(19.80,36.80) 27.00(27.00,41.77) 0.163
BEA/ (/L) 65.90(62.20,70.45) 64.00(59.80,67.55) <0.001 65.80(62.15,70.15) 64.65(60.90,68.97) 0.136
HEH/(g/L) 40.10(37.70,42.90) 38.30(35.25,39.70) <0.001 40.21+3.87 37.88+4.38 0.002
BRE M/ (g/L) 26.00(23.50,29.05) 26.00(23.50,28.20) 0.528 26.00(23.10,28.35) 26.20(24.07,28.90) 0.373
&/ (mmol/L) 3.90(3.65,4.17) 3.90(3.60,4.12) 0.63 3.89+0.35 3.99=0. 44 0.149
£/ (mmol/L) 140.00(138.20,142.00) 140.00(138.00,141.80)  0.995  140.40(139.00,142.00) 139.70(138.03,142.00) 0.179
£/ (mmol/L) 102.80(100.35,105.00) 102.80(100.00,104.00)  0.277  103.00(101.00,105.00) 102.00(99.00,104.60)  0.026
NT-proBNP/ ( ng/L) 178.20(67.90,490.00)  864.40(366.50,1495.95) <0.001  161.20(73.15,390.50) 925.50(373.58,2437.75) <0.001
WASE T/ (pe/L) 0.01(0.01,0.03) 0.02(0.02,0.11)  <0.001  0.01(0.01,0.03) 0.02(0.02,0.15)  <0.001
WLRR B4R/ (U/L) 79.50(67.00,106.50) 79.50(78.00,85.00) 0.762 79.50(65.00,104.00) 79.50(57.50,83.62) 0.233
WL B4 ] T B/ (U/L) 11.30(9.00,14.90)  11.30(9.00,11.95)  0.265 11.30(5.20,13.40) 11.30(8.33,11.30) 0.976
D-— 1A/ (mg/L) 0.29(0.19,0.41) 0.52(0.27,0.86)  <0.001  0.29(0.20,0.36) 0.38(0.28,0.77)  <0.001
LVEF/% 62.00(57.00,67.00) 48.00(43.00,57.50) <0.001 62.00(57.00,67.00) 48.00(43.25,57.00) <0.001
ZE 0 EFFIRIHR AR/ mm 47.00(44.00,50.00) 53.00(48.00,61.50) <0.001 48.00(44.00,50.00) 50.50(48.25,56.00) <0.001
TEIRETRE SR/ [ (% ) ] 331(76.1) 76(71.0) 0.337 149(79.7) 31(67.4) 0.113
RIS/ (% ) 0.80(0.50,0.90) 0.80(0.00,0.85)  0.246  0.80(0.50,0.90) 0.80(0.00,0.85)  0.669
RS RAE/[H1(% ) ] 260(59.8) 65(60.7) 0.94 95(50.8) 26(56.5) 0.596
IR EE AR/ (% ) 0.60(0.00,0.82) 0.60(0.00,0.75) 0.238  0.60(0.00,0.75) 0.60(0.00,0.70)  0.813
WA ARSI/ [ (% ) ] 202(46.4) 45(42.1) 0.48 99(52.9) 15(32.6) 0.021
B RS k=R /% 0.50(0.00,0.70) 0.50(0.00,0.60)  0.125  0.50(0.00,0.80) 0.50(0.00,0.50)  0.012
MHR 0.38(0.30,0.50) 0.66(0.55,0.83)  <0.001  0.37(0.29,0.46) 0.65(0.50,0.78)  <0.001
SIRI 0.94(0.66,1.32) 1.69(1.25,2.32)  <0.001  0.91(0.67,1.32) 1.48(1.11,2.01)  <0.001
HGIL/ % -0.17(-0.62,0.42) -0.28(-0.74,0.36) 0.192 -0.04(-0.48,0.55) -0.44(-0.73,0.24) 0.011
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Figure 2. Variable selection process based on LASSO regression
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Table 2. Results of multivariate Logistic regression analysis

2.3 FNRBEE 51T

BT ik 9 AT A OC R R A HE FEABE X
R FRINASERY I A PPN BRI R, 25 PR
N , Logistic R YA A I A v B9 32 30 T AR AIE
Hh£E T 1 FR (area under the receiver operating charac-
teristic curve, AUC) 2 0.917, BLF 8 I 19 X 40 &,
S 2 8 7 A5 TR o 00 T 4 5 S B L 4 R — X
PEEAT | DR SR il 2 23 B i 75 A e PR R 5 1Y {1 ¥
W ISR A AT 0 B TE T SR AT
Hakan . HHAMNLER I B LS, % T Logistic
(] DA 2 EAT e 4 T I00 254 B R I PR W At R, i
Ve HAR N AR MR (3 F1K 3)

R3. EMURBENLEPRIERELL R

Table 3. Performance comparison of different prediction models in the test cohorts

A i B OR(95% CI) P

) -0.737 0.478(0.237 ~0.967) 0.04
BUWCSEMAL  -0.813  0.444(0.237 ~0.829) 0.011
TWREHHEALE S -1 0.368(0.159 ~0.850) 0.019
PLT -0.328 0.720(0.534 ~0.971) 0.031
LDLC 0.325  1.384(1.025 ~1.868) 0.034
Glo -0.429 0.651(0.461 ~0.921) 0.015
LVEF -1.141  0.320(0.233 ~0.439) <0. 001
MHR 1.496  4.464(2.972 ~6.704) <0.001
SIRI 0.308  1.360(1.015 ~1.823) 0.039
Bl I 1A AUC(95% CI) HERAJE (95% CI)

RAGE (95% CI)

KRR (95% CI)

F1 5340(95% CI)

Logistic [H]15
RF

SVM

DT

KNN

NB

0.917(0.861 ~0.974)
0.902(0.841 ~0.963)
0.909(0.850 ~0.967)
0.804(0.724 ~0.884)
0.827(0.751 ~0.904)
0.889(0.825 ~0.953)

0.876(0.833 ~0.918)
0.876(0.833 ~0.918)
0.867(0.823 ~0.911)
0.850(0.804 ~0.896)
0.850(0.804 ~0.896)
0.854(0.809 ~0.899)

0.587(0.445 ~0.729)
0.522(0.377 ~0.666)
0.565(0.422 ~0.708)
0.565(0.422 ~0.708)
0.500(0.356 ~0.644)
0.630(0.491 ~0.770)

0.947(0.914 ~0.979)
0.963(0.935 ~0.990)
0.941(0.907 ~0.975)
0.920(0.881 ~0.959)
0.936(0.901 ~0.971)
0.909(0.868 ~0.950)

oS o o o o o

.651(0.589 ~0.712)
.623(0.561 ~0.686)
.627(0.564 ~0.689)
.598(0.535 ~0.661)
.568(0.504 ~0.632)
.630(0.568 ~0.692)
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gk
Bl > i AUC(95% CI) WEREIE (95% CI) RAYE (95% CI) FESEEE(95% CI) F1 4340(95% CI)
AdaBoost 0.885(0.820 ~0.950) 0.858(0.814 ~0.903) 0.674(0.538 ~0.809) 0.904(0.861 ~0.946) 0.653(0.591 ~0.714)
GBM/GBDT 0.908(0.849 ~0.967) 0.867(0.823 ~0.911) 0.630(0.491 ~0.770) 0.925(0.887 ~0.963) 0.652(0.591 ~0.713)
XGBoost 0.915(0.858 ~0.972) 0.871(0.828 ~0.914) 0.630(0.491 ~0.770) 0.930(0.894 ~0.967) 0.659(0.598 ~0.720)
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Figure 3. Performance evaluation of the HF readmission prediction model in the training and test cohorts
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Figure 6. SHAP force plot for individualized prediction of HF readmission risk in a representative patient
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