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Abstract: Ischemic heart disease is one of the main causes of death worldwide. In this
study, the plasma samples of 47 patients with angina, 51 patients with myocardial
infarction, and 80 patients with heart failure were collected. Ultra-performance liquid
chromatography-high resolution mass spectrometry (UPLC-HRMS) and chemometrics
were used to analyze the plasma metabolic disorder in disease progression for patients
with ischemic heart disease. Chromatographic separation was performed on an ACE3
C18 column (150 mmX3.0 mmX3 pm), and MS analysis was carried out by electros-
pray ionization (ESI) source at positive and negative modes combined with full scan-
ning. In total, 97 endogenous metabolites were identified and quantitative analyzed.
Principal component analysis and partial least square-discriminant analysis were applied
in combination with variable importance projection (VIP) and ¢-test to screen differenti-
ally characteristic metabolites. Metabolite concentration was analyzed using SPSS and
the metabolites with significant differences (P <C0.05) were found between different
processes of diseases. Discriminant analysis using partial least squares-discriminant
analysis (PLS-DA) was conducted on various disease processes. Classification models
were established for angina, myocardial infarction, and heart failure patients. The vari-
ables with VIP >>1 were selected using Variable Importance in Projection screening.
Finally, disease-specific metabolites were identified using VIP >1 and t-test P<CO0. 05.
Accordingly, 28 and 32 characteristic metabolites were selected to distinguish between
patients with angina and myocardial infarction, and with myocardial infarction and heart
failure, respectively. The metabolic pathway analysis revealed disorders in both amino
acid metabolism and the tricarboxylic acid cycle during the progression from angina to
myocardial infarction, and from myocardial infarction to heart failure. In the progres-
sion from myocardial infarction to heart failure, there is a significant disturbance in lipid
metabolism, including glycerophospholipid metabolism and fatty acid biosynthesis.
Based on the results of 1 receiver operating character (ROC) analysis, several indicators
including glycocholic acid, fumaric acid, palmitic acid, troponin, high-density lipopro-
tein, alanine aminotransferase, and aspartate aminotransferase, were found to have
diagnostic significance for distinguishing between angina and myocardial infarction, with
respective area under curve (AUC) values of 0.737 6, 0.8319, 0.827 7, 0.938 7,
0.646 0, 0.704 5 and 0.758 9. When these indicators were combined, the AUC was
increased to 1. 000 0. Similarly, citrulline, citric acid, stearic acid, glycerophospholine,
and NT-proBNP were found to have diagnostic significance for distinguishing between
myocardial infarction and heart failure, with respective AUC values of 0.619 4,
0.748 7, 0.878 4, 0.636 0 and 0.812 1. When these indicators were combined, the
AUC was increased to 0. 957 0. At present, there have been some advances in under-
standing the metabolic characteristics of patients with angina or heart failure based on
metabolomics, but there is limited research on the metabolic characteristics of patients
with ischemic heart disease. The findings of this study can provide important metabolic

targets for precise diagnosis of ischemic heart disease and drug and nutritional interven-
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tions during disease development.
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Table 1 Information of plasma samples

ZH DY B O JILREBE 8 IVIE 3T
Parameter Angina Myocardial infarction (MDD Heart failure (HF)
FE /L 64.64412.19 61.84211.15 69. 84+13.15°
BMI 24.68+2.92 24.22+2.39 22.8542. 910
PR B/ 25/22 37/14 53/27
w5 I 2/ 45D 38/9 31/20 53/27
BEIRIG G2 /75D 12/35 11/40 31/49

ML HE AR/ (g/L)

141. 742£20. 27

KNG B (ALT) /(U/L) 22.164+12. 32
A B i (AST) /(U/L) 20. 66 10. 04

AST : ALT
JILEF/ (mg/dL)
ﬁi@ﬁ/(ymol/l‘)

1.00€0.47,1.79)
74.89423.75
362.26£102. 47

BNk T 2/ (mL/ (min + 1. 732)) 86.68+22.76
23 I 1A / Cmmol /1) 5.872. 24
S JIH [ [ (TC) / (mmol /L) 4.11£1.16
Hl =8 (TG) /(mmol/L) 1.74+1.73
& % £ I8 % 11 (HDL-C) / (mmol /L) 1. 10+0. 27
{1k %% B2 5 4 14 (LDL-C) / (mmol /L) 2.2120. 83

N-2K 3 i f4 B BU4H PR K/ (ng /1)
M58 [ T/ (ng/1L)

511.2441463.54

5.10+14.51

Ui B = WL IR R % / (pmol /L) 16.12+E2. 14
T 5 HOWR B 2/ (pmol /1) 4.2740.67
A BRI 8 % (mIU/ L) 2.71+1.85

SHLFCR IR R/ (pe/ LD

94.43416. 89

7Y A HH R R B R / (g / LD 1. 61+0. 30
= [A] B JEE B/ cm 1.0020. 14

7 i WAZ/ em 3. 4840. 45
feEE IR AR MR /cm 4.724+0.52
Jifi 2l ok Wi 44 ./ mm Hg 30. 02 10. 45
M4y #/ % 61.85+9.65

143.08=£18. 22
28.32418.02
64.65479. 78
1.66(0.41,14.52)
84.55470.71
364.43+85.63

131.564+19.99%
95.014559. 21
127.574828. 45
1.31€0.52,7.95)
105. 27459. 31
432.89+123.79°

89.92+23.52 68.34+27.91°
6.5542. 37 6.24+2. 64
4.55%1.00° 3.79+1.11°
1.94+1.69 1.47+1. 31
0.9740. 21° 0.96=40. 27
2.8040. 89 2.14+0. 88

1164.5241830. 95*

762.34+1182. 69*

4983. 37+5205. 66"
20. 91450. 34

14.9244. 37 9.31+£6. 36"
3.80+1.01% 11.77410. 110
2.84+3.33 3.154+2.53

87.66£23.04 38.35+39. 92b

1.5340. 38 49. 64+43. 86"
1.03=£0. 16 10. 18+2. 30"
3.5340. 46 41.26+6.97°
4.8840. 62 54.77+8. 820
28.3248.23 40.09+16. 26"
57.3248. 540 43.29+15. 27°
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K2 TRAEFER (RBEFEERE SRR Y (P<0.05)
Table 2 Metabolites with significant differences in #-tests for angina, MI and HF (P<C0. 05)
133 LK HMDB
B ity Concentration/(mg/L) t-test o
No. Metabolite DGR Angina  LNUBSEML LR HF Angina Moy Number
(n=10) (n=51) (n1=80) os MI pgr  of HMDB
1 ok 22 R 3.4740. 81 4.2641.93 4.70%2. 33 1 0 0000192
2 L% 5 B e 20.26+3.78 24.19+8. 11 24.00%7. 74 1 0 0000641
3 L-K &5 RY 5.5042. 64 3.3442.71 7.6545. 30 0 1 0000191
4 JRAER" 0.72+0. 35 0.72+0. 37 0.93+0. 53 0 1 0000904
5 LR iR 17.50+2.77 19.87+7.57 18.72+6. 28 1 0 0000159
6 %7 K B 1.91+1.07 2.25+1. 66 3.05+1.85 0 1 0029874
7 iy 22 R S i 1.46+1.15 0. 8140. 54 1.39+1.21 1 0 0004827
8 KHR 3.24+0.59 2.67+1.30 2.78+1. 40 1 0 0001870
9 L-3 5] 14.95+3.12 16.19+7. 02 13.38+5. 69 0 1 0000687
10 i 88.79+46.81  101.02+25.65  181.98+67. 46 0 1 0000207
11 e il 14.4743.17 1.49£1.08 1.73£1.46 1 0 0002107
12 3.4, - ZHEIERAERD 0.2640. 24 0.2340. 25 0.1240. 14 0 1 0040891
13 %W 30. 65410. 75 37.4149.45  47.34436.07 1 0 0005783
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gk 2
ez LR HMDB

7B Rt Concentration/(mg/L) t-test )
No. Metabolite L5 Angina O HLEIBE MI O3 HE Angina MI vs Number

(n=10) (n=51) (n=80) s MI gr  of HMDB
14 I i 3.3142.75 2.40+2.11 2.16+1. 95 1 0 0000138
15 JeIh & e 1.55+1. 84 1.34+1.31 0.8440.93 0 1 0032574
16 A LB I BE AR B (20 = 5) (SnD)® 0. 0740. 07 0. 0434-0. 03 0.0240. 02 0 1 0010397
17 VA I N e 2 I (22 ¢ 6) (Sl 0. 4540. 16 0.5140. 30 0.3340.12 0 1 0011526
18 RIRER® 10. 37£5. 48 50.75422.42  40.42423.12 1 0 0000715
19 58 | g 0.81+0.45 3.52+1. 44 2.60+1. 45 1 0 0059805
20 VA LB e £ B (22 ¢ 6) (Sn2)® 1.0540. 43 1.224+0.75 0.78+0. 31 0 1 0011526
21 VA B R 8t 2 B (18 = 2) (Snl)® 0.6840. 25 0.7040. 54 0.414+0.19 0 1 0011507
22 V% 10 % NG Bk £ BERE (20 ¢ ) (Sn2)® 1.88+0.72 2.14+1. 47 1.3840. 44 0 1 0011517
23 VA LW R ok £ B (18 = 2) (Sn2) 2.33+1.08 2.58+1. 90 1.7140. 86 0 1 0011507
24 WA R 2.624:3.03 4.314:2. 29 5.7643.19 1 0 0003229
25 2-H O 3.0441. 99 0. 844-0. 59 1.23£1.19 1 0 0011749
26 TV 0.3240. 30 1.1440. 88 1.2140.79 1 0 0000134
27 6 VU4 R 8. 43+4. 54 7.23+2.03 9.22+3. 26 0 1 0001043
28 L4 A 1.10£0. 73 1.000. 86 1.67+1.41 0 1 0000001
29 AL = 0.3640. 31 0.46+0. 38 0.32+0. 26 0 1 0000925
30 Kb R 1. 1440. 42 0.894-0.71 1.4140. 85 1 1 0000725
31 AT 0.5040. 17 0. 8340. 65 0. 6240. 33 1 1 0000452
32 FgEme 8.304. 87 3.4541. 89 16.79414. 65 1 1 0000094
33 Kt R b 85.66+21.53  126.24444.49  104.18+31.21 1 1 0000220
34 R e 1.81+2.20 4.78+4.22 1.81+2.20 1 1 0000567
35 M T 2 74 11.67+11. 06 10. 7446, 12 5. 784,39 1 1 0062170
36 % H B R b 150. 75+142.78  135.854104. 81 196.52+181. 88 1 1 0011635
37 & ifpad 0.74+0.76 1.35+1. 21 0. 4340. 46 1 1 0000484
38 N6-Z,FE LW & b 1.58+0. 70 2.25+0. 96 1.8440.92 1 1 0000206
39 N, 2,3- = H 3E-2- S 4 T e -b 2.5941. 35 8.7644. 33 4. 244227 1 1 0036195
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