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Abstract: Objective To identify metabolites associated with myocardial infarction, heart failure, and ischemic stroke
respectively in a population with type 2 diabetes mellitus, thereby constructing a metabolomic risk score and evaluating
whether incorporation of the metabolomic risk score into a traditional clinical model improves the model’s predictive
accuracy. Methods Using data from the UK Biobank cohort, a multivariate Cox proportional risk regression model
was applied to screen for metabolites associated with myocardial infarction, heart failure, and ischemic stroke, respec-
tively, and a time-truncated sensitivity analysis was performed. Subsequently, metabolomic risk scores were constructed
based on the LightGBM algorithm, and finally the scores were incorporated into traditional clinical models for model
evaluation. Results Multivariate Cox proportional risk regression models and time-truncated sensitivity analyses identi-

fied a total of 119, 77, and 12 metabolites associated with myocardial infarction, heart failure, and ischemic stroke,
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respectively, and these metabolites were then used to construct metabolomic risk scores. Incorporation of the constructed

metabolomic risk scores into traditional clinical models significantly improved model prediction performance, with mod-

el AUCs improving to 0.804, 0.900, and 0.844 for the three diseases respectively, and the improvements were 0.145,

0.198, and 0.188, compared to utilizing only traditional clinical models. In addition, the sensitivity and specificity re-

sults showed that the three models had high prediction accuracy (sensitivity: 0.706, 0.804, 0.801; specificity: 0.763,

0.861, 0.722), and the calibration curves and decision curves likewise showed that the models had good prediction per-

formance. Conclusion Incorporation of metabolomic risk scores into traditional clinical models can significantly im-

prove the predictive accuracy of cardiovascular disease in the type 2 diabetes mellitus population.

Key words: Type 2 diabetes mellitus; Myocardial infarction; Heart failure; Ischemic stroke; LightGBM; Metabolomic

risk score; Predictive modeling
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Table 1 Description of baseline characteristics

A L LA AL
' (n=6407) 9% B (n=5928) #a ) (n=479) % P
iR/ % 60.1+6.9 59.9+6.9 61.6+6.5 -5.436 <0.001
P 5] 21.632 <0.001

3 3867(60.4) 3530(59.5) 337(70.4)

i© 2540(39.6) 2398(40.5) 142(29.6)
2 4 6.504 0.039

0 2957(46.2) 2753(46.4) 204(42.6)

1 2750(42.9) 2543(42.9) 207(43.2)

2 700(10.9) 632(10.7) 68(14.2)
PRI 12.384 0.030

0 1097(17.1) 994(16.8) 103(21.5)

1 1289(20.1) 1181(19.9) 108(22.5)

2 827(12.9) 769(13.0) 58(12.1)

3 1417(22.1) 1324(22.3) 93(19.4)

4 916(14.3) 850(14.3) 66(13.8)

5 861(13.4) 810(13.7) 51(10.6)
BMI 31.8+5.9 31.845.9 32.1%5.5 -1.203 0.229
¢GFR/(mL-min-1.73 m?) 94.8+15.3 95.2+14.8 90.0+19.2 5.686 <0.001
HbAlc/( mmol/mol) 53.2+13.9 52.8+13.6 57.2+16.3 -5.716 <0.001
SBP/mmHg 141.1+17.1 140.9+16.9 144.0+19.2 -3.428 <0.001
TC/( mmol/L) 3.6+0.9 3.6+0.9 3.6+0.9 -0.197 0.844
HDL_C/( mmol/L) 1.120.2 1.1+0.3 1.0+0.3 4.076 <0.001
R 2 2558(39.9) 2302(38.8) 256(53.4) 39.604 <0.001
FNg2h 2940(45.9) 2667(45.0) 273(57.0) 25.852 <0.001
5 puXi7kAe NNPAE- 5]

(n=6407) B (n=5580) Rl (n=827) X P

s 60.1+6.9 59.7+6.9 62.6+5.9 -12.903 <0.001
5 7.882 0.005

3 3867(60.4) 3331(59.7) 536(64.8)

i 2540(39.6) 2249(40.3) 291(35.2)
e 4 10.739 0.005

0 2957(46.2) 2619(46.9) 338(40.9)

1 2750(42.9) 2358(42.3) 392(47.4)

2 700(10.9) 603(10.8) 97(11.7)
veli] 30.834 <0.001

0 1097(17.1) 905(16.2) 192(23.2)

1 1289(20.1) 1127(20.2) 162(19.6)

2 827(12.9) 725(13.0) 102(12.3)

3 1417(22.1) 1263(22.6) 154(18.6)




H A, A AR XU P20 2 AU RS AR o I 45 245 Jm T 000 vl 7 i FH 73
gk
At SR NP2
(n=6407) eI (n=5 580) S5 19 (n=1827) X P

4 916(14.3) 818(14.7) 98(11.9)

5 861(13.4) 742(13.3) 119(14.4)
BMI 31.8+5.9 31.6%5.8 33.446.2 -7.795 <0.001
eGFR/ ( mL-min-1.73m?) 94.8+15.3 95.7+14.5 88.5+18.7 10.553 <0.001
HbAlc/ ( mmol/mol) 53.2+13.9 52.7+13.5 56.4+15.9 -6.298 <0.001
SBP/mmHg 141.1£17.1 140.6+16.8 144.2+18.4 -5.289 <0.001
TC/(mmol/L) 3.620.9 3.7+0.9 3.620.8 3.332 0.001
HDL_C/(mmol/L) 1.120.2 1.1+0.3 1.0£0.3 3.706 <0.001
K2 2558(39.9) 2149(38.5) 409(49.5) 35.754 <0.001
ReNR2 2940(45.9) 2503(44.9) 437(52.8) 18.333 <0.001
s SR St A A

(n=6407) AERI I (n=6091) Wit (n=316) Y P

RS % 60.1+6.9 60.0+6.9 61.9+6.2 -5.356 <0.001
P 5] 6.297 0.012

3 3 867(60.4) 3 655(60.0) 212(67.1)

S 2540(39.6) 2436(40.0) 104(32.9)
AR 4.576 0.101

0 2957(46.2) 2.829(46.4) 128(40.5)

1 2750(42.9) 2603(42.7) 147(46.5)

2 700(10.9) 659(10.8) 41(13.0)
el 9.866 0.079

0 1097(17.1) 1045(17.2) 52(16.5)

1 1289(20.1) 1227(20.1) 62(19.6)

2 827(12.9) 792(13.0) 35(11.1)

3 1417(22.1) 1345(22.1) 72(22.8)

4 916(14.3) 854(14.0) 62(19.6)

5 861(13.4) 828(13.6) 33(10.4)
BMI 31.8+5.9 31.8+5.9 31.83+5.7 0.005 0.996
eGFR/ (mL-min-1.73 m*) 94.8+15.3 95.0+14.9 89.6+19.9 4.812 <0.001
HbAlc/ ( mmol/mol) 53.2+13.9 53.0+13.8 55.7+15.3 -3.056 0.002
SBP/mmHg 141.117.1 140.8+16.9 146.3+20.4 -4.708 <0.001
TC/(mmol/L) 3.620.9 3.620.9 3.620.9 0.724 0.470
HDL_C/(mmol/L) 1.1x0.2 1.1x0.3 1.0£0.3 3.494 <0.001
R 2 2558(39.9) 2396(39.3) 162(51.3) 17.905 <0.001
KeNRZy 2940(45.9) 2785(45.7) 155(49.1) 1.364 0.243

.1 mmHg=0.133 kPa,
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Figure 1 Upset plots of metabolites significantly associated with three cardiovascular diseases
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Figure 2 Importance ranking of the top 10 metabolites in three cardiovascular disease prediction models
A: Myocardial infarction; B: Heart failure; C. Ischemic stroke.
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Figure 3 ROC curves of predictive models for three cardiovascular diseases
A: Myocardial infarction; B: Heart failure; C. Ischemic stroke.
F 2 BAITUPERE DAL
Table 2 Predictive performance evaluation of the models
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Figure 4 Calibration curves of predictive models for three cardiovascular diseases
A Myocardial infarction; B: Heart failure; C. Ischemic stroke.
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Figure 5 Decision curves of predictive models for three cardiovascular diseases
A: Myocardial infarction; B Heart failure; C; Ischemic stroke.
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