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Plasma metabolomics combined with machine learning for classifying ischemic stroke

subtypes and predicting the etiology of cryptogenic stroke

ZI Yinyu, LIU Zimiao, DENG Zhen
Department of Neurology, Nanfang Hospital, Southern Medical University, Guangzhou 510515, China

Abstract: Objective To analyze plasma metabolic profiles of different ischemic stroke subtypes and construct machine
learning (ML)-based models to identify these subtypes for accurate diagnosis of cryptogenic stroke. Methods A total of 277
patients with acute ischemic stroke (AIS) from 3 hospitals were prospectively enrolled and stratified according to the TOAST
classification criteria. Venous blood samples were collected for 'H-NMR metabolomics detection, resulting in the identification
of 46 metabolites. Metabolomics and Mendelian randomization analyses were employed to identify the potential biomarkers,
and PyCaret was used to develop and optimize the ML models. A Plasma Metabolite Machine Learning (PMML) model was
developed to differentiate the ischemic stroke subtypes, and the efficacy of the model was validated using a cryptogenic stroke
(SUE) cohort. Results Significantly different metabolite profiles were observed among patients with large artery
atherosclerosis (LAA), small vessel occlusion (SVO), and cardioembolism (CE). Mendelian randomization analysis indicated
that glucose and proline may serve as potential biomarkers for SVO and LAA. The PMML model developed based on the
metabolic profiles of LAA, SVO, and CE demonstrated a high predictive accuracy for distinguishing these ischemic stroke
subtypes with an accuracy of 0.8630 and an area under the ROC curve of 0.9586. In the SUE patients (the validation cohort),
23.9% of the patients predicted to have LAA exhibited vulnerable plaques, as compared with a rate of 10.9% in those predicted
to have SVO or CE. Five patients predicted to have CE were diagnosed with paroxysmal atrial fibrillation via long-term
electrocardiographic monitoring. Conclusion Different ischemic stroke subtypes have distinct plasma metabolic profiles. The
PMML model developed based on plasma metabolic features of the 3 well-diagnosed stroke subtypes demonstrates a high
accuracy in identifying these subtypes with a great potential for predicting the etiology of cryptogenic stroke.
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Fig.1 Flowchart of the trial. AIS: Acute ischemic stroke; LAA: Large artery atherosclerosis; SVO: Small

vessel occlusion ; CE: Cardioembolism; ML: Machine learning.
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Tab.1 Baseline characteristics of the patients
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AWFFTE 277 B AIS (& BB TEAES
IS5 PRI 7 T SR B T 45 EE BT SR T AR DL (R 1)
TERFGE AR, B 0L AR 14261 (51.26%) , 7 AR
A 136 191(49.10%) , BEIRI 835 66 1511 (23.83%) , 7
HERFE4241(15.16%) , Lo R 141911(5.05%) o

Characteristic LAA (142) SVO (76) SUE (27) CE (22) SOE (10) Total (277) P
Age (year) 64.32+13.55 62.39+12.31 65.00+14.29 70.74+19.79 59.19420.11 64.27+14.22 NS
Gender
Male 112 (78.87%) 66 (86.84%) 22 (81.48%) 8(36.36%) 8 (80.00%) 216 (77.98%) <0.001
Female 30 (21.13%) 10 (13.16%) 5 (18.52%) 14 (63.64%) 2(20.00%) 61 (22.02%) <0.001
NIHSS 5.22 (3.31-8.34) 5.06 (4.00-8.00) 5.00 (3.82-7.95) 10.50 (5.00-17.58) 6.28 (1.50-8.00) 5.46 (3.72-8.59) <0.001
Medical history
Current smoker 70 (49.30%) 32 (42.11%) 14 (51.85%) 6 (27.27%) 4 (40.00%) 126 (45.49%) NS
Former smoker 6 (4.23%) 4 (5.26%) 0 (0.00%) 0 0 (0.00%) 10 (3.61%) NS
Current drinker 42 (29.58%) 26 (34.21%) 4 (14.81%) 0 2(20.00%) 74 (26.71%)  <0.001
Former drinker 8 (5.63%) 4 (5.26%) 0 0 0 12 (4.33%) NS
Stroke 18 (12.68%) 10 (13.16%) 2(7.41%) 12 (54.55%) 0 42 (15.16%)  <0.001
Hypertension 84 (59.15%) 42 (55.26%) 10 (37.04%) 6(27.27%) 0 142 (51.26%) <0.001
Diabetes 48 (33.80%) 12 (15.79%) 4 (14.81%) 0 2 (20.00%) 66 (23.83%) <0.001
Coronary Heart Disease (CHD) 6 (4.23%) 6 (7.89%) 0 2 (9.09%) 0 14 (5.05%) NS

The grouping is based on the TOAST typing: LAA: Large-artery atherosclerosis; CE: Cardiac embolism; SVO: Small vessel occlusion, SOE: Stroke
caused by other causes; SUE: Stroke of unknown etiology. Statistical methods using SPSS 26. 0 Statistical software for statistical analysis. The
metrological data age and NIHSS are first tested for normality, which is expressed as "Mean+SD" when the normal distribution is met. The patients
in this study had a positive skew distribution, so they were represented by median and quartile methods (range). Count data for sex, smoking history,

alcohol consumption history, stroke history, diabetes, hypertension, coronary heart disease chi-square test.
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Fig.2 The top 10 plasma metabolites in the plasma metabolic profiles of 5 different stroke subtypes and their relative
concentrations. A: 3-hydroxybutyrate, acetoacetate, and pyruvate show the highest plasma concentrations in LAA

subtype. B: Lactate, serine, and 2-aminobutyrate show the highest plasma concentrations in CE subtype. C: 2-
hydroxyisovalerate, proline, and glutamine show the highest plasma concentrations in SVO subtype. D: 2-

aminobutyrate, trimethylamine, and O-acetylcarnitine show the highest plasma concentrations in SUE subtype. E: 2-

aminobutyrate, dimethyl sulfone, and carnitine show the highest plasma concentrations in SOE subtype.
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A Metabolite Sets Enrichment Overview
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Fig.4 Differential enrichment and pathway analysis between CE and NCE patients. A, C: Metabolites with an upregulation

trend in the CE group are primarily enriched in the Krebs cycle, glycolysis, and dysplasia-related metabolic pathways. B, D:

Metabolites enriched in the NCE group are primarily involved in aminoacyl-tRNA biosynthesis, the glyoxylate pathway,

and the dicarboxylate pathway. NCE=LAA+SVO.
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