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Background: Aortic dissection (AD) is a serious aortic disease. Although current imaging methods can 
provide accurate diagnosis for AD, they do not include essential biological information. The aim of this 
study is to identify plasma metabolites for the risk and severity of type B AD (TBAD).
Methods: In this cross-sectional study, we enrolled 16 hypertensive patients with TBAD and 7 hypertensive 
patients without TBAD in Jieyang People’s Hospital between December 2021 and April 2022. After plasma 
metabolomics analysis, a metabolites risk score (MRS) model was conducted through logistic regression 
and least absolute shrinkage and selection operator (LASSO) regression to predict the risk of TBAD. 
Subsequently, TBAD group was divided into uncomplicated and complicated TBAD subgroups for further 
screening for metabolites related to the severity of TBAD.
Results: Three metabolites, including 1,5-anhydro-D-glucitol, D-(+)-sucrose and PC(O-16:0/0:0) 
were related to the risk of TBAD. Compared to hypertensive patients without TBAD, the abundance 
of 1,5-anhydro-D-glucitol and D-(+)-sucrose were significantly increased while PC(O-16:0/0:0) was 
significantly reduced in hypertensive patients with TBAD (P<0.001). We subsequently built an MRS model 
based on these three metabolites. Furthermore, we found that hydrocinnamic acid (r=0.741, P<0.001) was 
independently correlated with the TBAD severity, while glycine deoxycholic acid (r=−0.538, P=0.008) 
and glycochenodeoxycholic acid (r=−0.538, P=0.008) were inversely correlated with the TBAD severity 
independently.
Conclusions: The present study screened out three plasma metabolites associated with the risk of TBAD, 
constructed an MRS model, and identified three metabolites that were independently associated with the 
severity of TBAD. These findings may serve to identify more TBAD-related biomarkers and shed light on 
exploring potential mechanisms of TBAD.
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Introduction

Aortic dissection (AD) is a life-threatening emergency 
with an incidence of 4.4–10 per 100,000 person-years 
(1-3), and 30 days and 5 years mortality rates of 55.8% 
and 64.5%, respectively (4). Imaging studies including 
computed tomography, magnetic resonance imaging, 
and echocardiography are the most important diagnostic 
methods for AD, while laboratory tests serve as necessary 
supplementary methods for the diagnosis (5). D-dimer is 
significantly elevated in patients with AD, and is therefore 
widely used (6,7). However, its specificity is low as it is also 
elevated in pulmonary embolism and ischemic heart diseases. 
Furthermore, the specific pathogenesis of AD remains 
elusive. Therefore, it is of great importance to search for 
novel AD related biomarkers to explore the pathogenesis. 

Metabolites revealed by metabolomics have been 
identified as potent biomarkers for AD. Metabolites may 
change after diseases onset and progression, which plays an 
important role in distinguishing diseases from health states, 
including indicating the severity and revealing the specific 
mechanisms (8). Zhou and colleagues reported that the level 
of lysophosphatidylcholines significantly decreased in the 
plasma of acute AD patients compared to that of healthy 
individuals (9). Several metabolites, including sphinganine, 
phytosphingosine and ceramide, were identified as the 
potential biomarkers to differentiate between Stanford type 
A and B AD. Wang et al. reported that the concentrations 
of plasma amino acids are different between patients with 

AD and coronary heart disease (10). Although most of these 
studies reported changes in certain kinds of metabolites, 
very few focused on their predictive value for the severity 
of AD. Thus, in this study we utilized metabolomics to 
unbiasedly screen for metabolites that could differentiate 
hypertensive patients with or without Society for 
Vascular Surgery/Society of Thoracic Surgeons (SVS/
STS) classification type B AD (TBAD). We subsequently 
constructed a metabolites risk score (MRS) to predict the risk 
of TBAD. Furthermore, we screened out three metabolites 
which could indicate the severity of TBAD. In this article, 
we aimed to find out the metabolites related to the risk and 
severity of TBAD, and shed light on exploring underlying 
mechanisms of AD. We present this article in accordance 
with the STROBE reporting checklist (available at https://
cdt.amegroups.com/article/view/10.21037/cdt-23-183/rc). 

Methods

Study design and subjects

A total of 16 hypertensive patients with SVS/STS 
classification TBAD (9 with uncomplicated and 7 with 
complicated TBAD) and 7 hypertensive patients without 
TBAD were included in this cross-sectional study. All 
patients were enrolled consecutively from December 
2021 to April 2022 from the Department of Cardiology, 
Jieyang People’s Hospital. The diagnosis of TBAD 
was confirmed by computed tomography and classified 
according to SVS/STS AD classification system published 
in 2020 (6). All patients with TBAD were admitted due 
to an episode of chest and/or back pain and the plasma 
was collected and separated within 48 h after symptom 
onset. The severity of AD was also classified by the SVS/
STS AD classification system: uncomplicated TBAD and 
complicated TBAD were defined as the dissection without 
or with the evidence of rupture or end-organ malperfusion, 
respectively (6). All 7 patients with complicated TBAD 
demonstrated malperfusion syndrome, while 9 patients with 
uncomplicated TBAD demonstrated neither rupture or 
end-organ malperfusion. Medical information of patients 
was extracted from medical records. TBAD patients without 
the history of neoplasm, autoimmune or inflammatory 
systemic disease were included, while those with Marfan 
syndrome, connective tissue diseases, intramural hematoma 
and penetrating atherosclerotic ulcer were excluded. 
The diagnosis of hypertension followed the criteria 
recommended by World Health Organization (WHO) in 
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2021 (11). The plasma of hypertension patients without 
TBAD was collected and separated at physical examination.

The protocol was approved by the ethics committee of 
Jieyang People’s Hospital (No. 2021108) and conformed 
to the principles of the Declaration of Helsinki (as revised 
in 2013). The informed consent was obtained from all 
individual participants included in the study.

Plasma sample collection 

Peripheral venous blood samples were collected in vacuum 
anticoagulant tubes and subsequently centrifuged at 3,000 g  
for 15 min at 4 ℃. Plasma was immediately separated and 
stored at −80 ℃ for widely targeted metabolomics.

Clinical biochemistry measurements

Plasma biochemical indexes, including creatinine, urea 
nitrogen, aspartate transaminase (AST), and alanine 
transaminase (ALT), were carried out by the 7600 automatic 
biochemical analyzer (Hitachi, Tokyo, Japan).

Metabolomics analysis

Sample preparation
The plasma samples were thawed on ice and vortexed for  
10 s. Then, 50 μL samples were mixed with 300 μL extraction 
solution (Acetonitrile: Methanol =1:4, V/V) containing 
internal standards and centrifuged at 12,000 rpm for 10 min 
(4 ℃); 200 μL supernatant was collected and placed at −20 ℃  
for 30 min, and subsequently centrifuged at 12,000 rpm for 
3 min (4 ℃); 180 μL supernatant was collected for liquid 
chromatography-mass spectrometry (LC-MS) analysis.

LC-MS analysis 
The plasma samples were analyzed by the LC-ESI-MS/MS 
system (ExionLC AD, SCIEX, California, USA; QTRAP® 
system, SCIEX, California, USA). The ultra performance 
liquid chromatography-tandem mass spectrometer (UPLC-
MS/MS) was performed to identify the metabolites in 
each sample by detecting the retention time, precursor/
product ion pairs, and secondary mass spectrum data, and 
subsequently comparing the acquired information with 
the metabolite from the Metware database which includes 
reference compound information. Then, quantitative 
data were obtained via calculating the peak area of the 
characteristic ions formed in the mass spectrometer. Raw 
data were analyzed by Analyst 1.6.3 software (SCIEX, 

California, USA). 

Data processing
The acquired LC-MS data was performed by log 
transformation (log2) and mean centering, and the 
orthogonal partial least squares-discriminant analysis 
(OPLS-DA) was subsequently performed using R 
package MetaboAnalystR (12). To identify the differential 
metabolites between hypertensive patients with or without 
TBAD, the screen criteria were determined by variable 
importance in projection (VIP, VIP ≥1) and fold change (fold 
change >2 or fold change <1/2). To identify the differential 
metabolites among patients with only hypertension, 
uncomplicated TBAD or complicated TBAD, the screen 
criteria were determined by VIP (VIP ≥0.9) and fold change 
(fold change >1.5 or fold change <2/3). VIP values were 
extracted from OPLS-DA results. 

Enrichment analysis
Metabolic pathway enrichment analysis was based on small 
molecule pathway database (SMPDB) (13). The significance 
of the pathways was determined by hypergeometric test’s P 
value.

K-means clustering analysis
K-means clustering analysis of the differential metabolites 
was performed by using R package base package. The data 
were transformed by unit variance scaling before K-means.

MRS
First, the unadjusted binary logistic regression analysis was 
performed by the differential metabolites for preliminary 
screening. The multivariate binary logistic regression 
analysis was further used to identify the differential 
metabolites associated with TBAD by adjusting for 
age, gender and body mass index (BMI). The data were 
performed by log2 before logistic regression analysis. 

Second, the selected metabolites were implemented by 
least absolute shrinkage and selection operator (LASSO) 
with tenfold cross validation to build MRS for diagnosis of 
TBAD (14). LASSO regression has unique advantages for 
processing high-dimensional omics data. The largest λ value 
within 1 standard error of minimum mean cross-validated 
error was chosen to regulate the parameters of LASSO. 
LASSO was performed by R package glmnet (15). MRS was 
built based on the metabolites with independent predict 
values, and the formula was as follows:

MRS = constant term + (Coefficient metabolite 1 * 
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Log2 abundance of metabolite 1) + (Coefficient metabolite 
2 * Log2 abundance of metabolite 2) + … + (Coefficient 
metabolite n * Log2 abundance of metabolite n).

The receiver operating characteristic (ROC) curve was 
used to assess the prediction accuracy of the MRS. The 
ROC curve was plotted by R package ROCR (16).

Statistical analysis

The demographic and medical data are presented using 
mean ± standard deviation or count (%). Continuous data 
were analyzed using Student’s t-test. Categorical data were 
analyzed by chi-square test. Spearman correlation analysis 
was used for correlation analysis between continuous 
variables and ordered variables. The identification of 
metabolites related to AD severity was completed by 
ordered logistic regression analysis. Data were analyzed 
by SPSS 22 (IBM, NY, USA). P<0.05 was considered 
statistically significant.

Results

Baseline characteristics and the metabolite profile of 
subjects

The flow chart of the study was shown in Figure 1. The 
baseline characteristics of 16 hypertensive patients with 
TBAD and 7 hypertensive patients without TBAD are 
presented in Table 1. None of the participants had diabetes 
or coronary heart disease. No significant differences were 
found for age, BMI, systolic blood pressure and diastolic 
blood pressure between the two groups. There were no 
significant differences in plasma creatinine, urea nitrogen, 
ALT and AST between the two groups. 

Widely targeted metabolomics were used to describe 
plasma metabolite profiles of different groups and identify 

Figure 1 The flow diagram of the study. 

Table 1 demographics and clinical characteristics of enrolled 
subjects

Parameters TBAD (n=16) Control (n=7) P 

Age, years 58.8±11.96 60.7±7.68 0.70

Male gender 12 (75.0) 6 (85.7) >0.99

BMI, kg/m2 23.6±3.44 22.8±1.26 0.56

Systolic blood 
pressure, mmHg

187.1±34.66 159.4±17.88 0.06

Diastolic blood 
pressure, mmHg

96.7±16.46 87.9±13.02 0.22

Creatinine, μmol/L 94.1±45.17 73.0±10.20 0.24

BUN, mmol/L 6.1±2.29 5.0±0.90 0.23

ALT, U/L 17.7± 7.78 19.6±7.50 0.60

AST, U/L 22.1±8.09 18.0±4.44 0.22

Data are illustrated as mean ± standard deviation and n (%). 
TBAD, type B aortic dissection; BMI, body mass index; BUN, 
blood urea nitrogen; ALT, alanine aminotransferase; AST, 
aspartate transaminase.

2021.12–2022.04  
Jieyang People’s Hospital 

Plasma samples from 23 patients were collected for metabolomics

Type B aortic dissection 
N=16

Hypertension 
N=7

Plasma was collected and separated within 
48 h after symptom onset

Plasma was collected and separated 
at physical examination 

Metabolomics analysis

Uncomplicated Type B 
aortic dissection  

N=9

Complicated Type B 
aortic dissection  

N=7
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Figure 2 The metabolite profile of TBAD patients. (A) OPLS-DA for discriminating hypertensive patients with or without TBAD. 
Blue represented the control group; pink represented TBAD group. (B) Volcano plots showed the differential metabolites between the 
two groups. Gray dots represented the insignificantly changed metabolites; red represented the upregulated; green represented the 
downregulated. (C) Heatmap illustrated the relative abundance of the differential metabolites in each sample. Red represented high level 
and green represented low level, respectively. (D) The counts of differential metabolites in each class. (E) SMPDB pathway enrichment 
analysis demonstrated the metabolic pathway enriched by the differential metabolites. The bubble size represented the number of 
differential metabolites in each pathway while the color indicated the P value. n=16 (TBAD group); n=7 (control group). TBAD, type B 
aortic dissection; VIP, variable importance in projection; FC, fold change; OPLS-DA, orthogonal partial least squares-discriminant analysis; 
SMPDB, small molecule pathway database.

differential plasma metabolites in patients with TBAD. The 
OPLA-DA demonstrated significantly different clusters 
between hypertensive patients with or without TBAD 
(Figure 2A). Based on the criteria of VIP (VIP ≥1) and fold 
change (fold change >2 or fold change <1/2), 60 metabolites 
were upregulated, while 70 metabolites were downregulated 

in the TBAD group compared to the control group, 
as visualized by volcano plot (Figure 2B). The relative 
abundance of the differential metabolites in each sample was 
illustrated by the heat map in Figure 2C. These differential 
metabolites could be divided into 15 categories (Figure 2D),  
including amino acid and its metabolites, organic acid and 
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its derivatives, benzene and substituted derivatives, and 
carbohydrate and its metabolites. Among them, amino 
acid and its metabolites, which included 29 metabolites, 
accounted for the highest proportion. SMPDB pathway 
enrichment analysis was performed for the differential 
metabolites involving metabolic pathways. As shown in 
Figure 2E, the top 10 significantly enriched metabolic 
pathways, including glutathione metabolism, galactose 
metabolism, and glycerolipid metabolism, were identified 
based on the rich factor. 

Construction of MRS model

In order to further identify metabolites associated with 
TBAD, 130 differential metabolites were implemented by 

binary logistic regression models (Table 2). The unadjusted 
model was performed by the differential metabolites 
only and we found that 55 metabolites were significantly 
associated with TBAD. Then, we used an adjusted model 
adjusting for age, gender and BMI, and found that 40 
metabolites were still significantly associated with TBAD 
(Table 2). LASSO regression model was subsequently 
performed to select diagnostic metabolites to predict the 
risk of TBAD (Figure 3A,3B) and construct the MRS model. 
When we set λ to the largest λ value within 1 standard error 
of minimum mean cross-validated error, we identified 3 
significant metabolites including 1,5-anhydro-D-glucitol, 
D-(+)-sucrose and PC(O-16:0/0:0), while the regression 
coefficients of other metabolites were shrunk to zero. 
Thus, we established the MRS based on the 3 metabolites:  

Table 2 binary logistic regression model for calculation of the OR related to TBAD

Compounds
Unadjusted model Adjusted model*

OR 95% CI P OR 95% CI P 

1,5-anhydro-D-glucitol 10.726 (1.27, 90.76) 0.029 14.642 (1.10, 194.17) 0.042

1-pyrroline-4-hydroxy-2-carboxylate 0.513 (0.33, 0.81) 0.004 0.374 (0.17, 0.83) 0.016

2'-deoxycytidine-5'-monophosphate 0.449 (0.26, 0.79) 0.005 – – –

2-methylsuccinic acid 7.945 (1.75, 36.11) 0.007 13.824 (1.54, 123.98) 0.019

3-hydroxyglutaric acid 435.797 (1.39, 136,380.70) 0.038 – – –

5-oxoproline 0.447 (0.25, 0.80) 0.007 0.194 (0.04, 0.999) 0.0498

Ala-Lys 0.344 (0.17, 0.71) 0.004 – – –

Biliverdin 12.838 (1.06, 154.79) 0.045 – – –

Carnitine C8:0 0.112 (0.02, 0.60) 0.011 0.090 (0.01, 0.63) 0.015

Carnitine C9:0 0.166 (0.03, 0.84) 0.030 0.106 (0.01, 0.78) 0.028

Coenzyme-II (β-NADP) 70.658 (1.01, 4,949.04) 0.0495 – – –

Cycloleucine 0.281 (0.12, 0.65) 0.003 0.098 (0.01, 0.98) 0.048

D-(+)-cellobiose 4.101 (1.06, 15.94) 0.042 – – –

D-(+)-sucrose 4.681 (1.42, 15.43) 0.011 5.170 (1.39, 19.29) 0.015

D-mannitol 1.649 (1.18, 2.30) 0.003 2.129 (1.13, 4.02) 0.020

D-sorbitol 1.649 (1.18, 2.30) 0.003 2.129 (1.13, 4.02) 0.020

D-cellobiose 2.728 (1.19, 6.25) 0.018 – – –

D-piperidine acid 0.509 (0.32, 0.80) 0.004 0.293 (0.09, 0.91) 0.034

Dimethylmalonic acid 7.945 (1.75, 36.11) 0.007 13.824 (1.54, 123.98) 0.019

Dipyrocetyl 0.062 (0.01, 0.57) 0.014 0.014 (0.0003, 0.58) 0.025

Dulcitol 1.649 (1.18, 2.30) 0.003 2.129 (1.13, 4.02) 0.020

Table 2 (continued)
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Table 2 (continued)

Compounds
Unadjusted model Adjusted model*

OR 95% CI P OR 95% CI P 

Ethyl hydrogen malonate 7.945 (1.75, 36.11) 0.007 13.824 (1.54, 123.98) 0.019

Galactinol hydrate 4.510 (1.43, 14.25) 0.010 8.746 (1.04, 73.55) 0.046

Galactitol 1.626 (1.18, 2.24) 0.003 2.118 (1.11, 4.05) 0.023

Glu-Ile 0.373 (0.17, 0.83) 0.016 0.316 (0.12, 0.83) 0.019

Gluceptate 37.439 (1.98, 706.79) 0.016 – – –

Glutaric acid 7.945 (1.75, 36.11) 0.007 13.824 (1.54, 123.98) 0.019

Glycine deoxycholic acid 0.413 (0.19, 0.92) 0.031 0.391 (0.16, 0.94) 0.037

Glycochenodeoxycholic acid 0.405 (0.18, 0.92) 0.032 0.382 (0.15, 0.95) 0.038

Glycohyodeoxycholic acid 0.211 (0.06, 0.78) 0.020 0.222 (0.06, 0.82) 0.024

Glycoursodeoxycholic acid 0.188 (0.05, 0.77) 0.021 0.195 (0.05, 0.81) 0.025

Hyodeoxycholic acid 0.387 (0.15, 0.99) 0.048 0.356 (0.13, 0.998) 0.049

Hypoxanthine 10.642 (1.51, 75.01) 0.018 158.428 (1.33, 18,894.16) 0.038

Ile-Glu 0.373 (0.17, 0.83) 0.016 0.316 (0.12, 0.83) 0.019

Ile-Lys 0.401 (0.21, 0.75) 0.004 0.191 (0.04, 0.95) 0.043

L-rhamnose 10.726 (1.27, 90.76) 0.029 14.642 (1.10, 194.17) 0.042

LPC(0:0/14:0) 0.008 (0.0001, 0.46) 0.020 – – –

LPC(12:0/0:0) 0.221 (0.06, 0.80) 0.022 0.079 (0.01, 0.85) 0.036

LPC(O-0:0/18:0) 0.050 (0.004, 0.58) 0.017 0.042 (0.003, 0.59) 0.019

LPC(O-18:0/0:0) 0.050 (0.004, 0.58) 0.017 0.042 (0.003, 0.59) 0.019

Leu-Glu 0.373 (0.17, 0.83) 0.016 0.316 (0.12, 0.83) 0.019

Lys-Ala 0.344 (0.17, 0.71) 0.004 – – –

Lys-Leu 0.401 (0.21, 0.75) 0.004 0.191 (0.04, 0.95) 0.043

Nicotinamide 0.020 (0.001, 0.66) 0.028 – – –

PC(O-16:0/0:0) 0.005 (0.00004, 0.61) 0.031 0.004 (0.00004, 0.48) 0.024

PC(O-16:0/O-2:0) 0.050 (0.0043, 0.58) 0.017 0.042 (0.003, 0.59) 0.019

Phe-Ala 0.084 (0.01, 0.71) 0.023 0.059 (0.01, 0.69) 0.024

Pro-Asn 179.708 (1.76, 18,384.06) 0.028 – – –

Pro-Asp 237.465 (1.59, 35,441.49) 0.032 – – –

Pyroglutamic acid 0.513 (0.33, 0.79) 0.003 – – –

Pyrroloquinoline quinone 0.03 (0.001, 0.92) 0.045 0.009 (0.0002, 0.55) 0.025

S-methyl-L-cysteine-S-oxide 0.323 (0.12, 0.84) 0.021 – – –

Taurolithocholic acid 0.509 (0.27, 0.95) 0.032 0.141 (0.02, 0.84) 0.031

Uridine-5'-diphospho-N-
acetylgalactosamine disodium salt

57.448 (1.50, 2,204.39) 0.030 51.435 (1.41, 1,880.39) 0.032

Cyclo(glu-glu) 0.608 (0.44, 0.85) 0.003 0.501 (0.28, 0.90) 0.021

*, adjusted model adjusted for age, gender and BMI. OR, odds ratio; TBAD, type B aortic dissection; CI, confidence interval; BMI, body 
mass index.
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MRS = 0.3024 + (0.0270 * log2 1,5-anhydro-D-glucitol) 
+ [0.0425 * log2 D-(+)-sucrose] + [−0.0388 * log2 PC(O-
16:0/0:0)]. The MRS of TBAD group was significantly 
higher than that of the control group (Figure 3C). The 
abundance of 1,5-anhydro-D-glucitol and D-(+)-sucrose 
were significantly increased (Figure 3D,3E) while PC(O-
16:0/0:0) was significantly reduced (Figure 3F) in TBAD 
group. ROC curve was performed to assess the prediction 
accuracy of the MRS with an area under ROC curve (AUC) 
of 0.98214 (Figure 3G).

Screening for the differential metabolites for severity of 
TBAD

To further identify the metabolites that could distinguish 
the severity of AD, we divided TBAD patients into 
uncompl ica ted  and  compl ica ted  groups  (9  wi th 
uncomplicated and 7 with complicated TBAD) and 

compared the control group with these two groups in 
pairs. The OPLA-DA demonstrated significantly different 
clusters between the control group and the uncomplicated 
TBAD group (Figure 4A) or the complicated TBAD group 
(Figure 4B). The uncomplicated TBAD group was also 
significantly distinguished from the complicated TBAD 
group (Figure 4C). Then, we subsequently used volcano 
plots to demonstrate the differential metabolites. Based 
on the criteria of VIP (VIP ≥0.9) and fold change (fold 
change >1.5 or fold change <2/3), 92 metabolites were 
upregulated while 127 metabolites were downregulated 
in the uncomplicated TBAD group (Figure 4D), and 107 
metabolites were upregulated while 139 metabolites were 
downregulated in the complicated TBAD group (Figure 4E)  
when compared with the control group. Compared with 
the uncomplicated TBAD group, 72 metabolites were 
upregulated while 21 metabolites were downregulated in 
the complicated TBAD group (Figure 4F). We subsequently 
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Figure 4 Screening for the differential metabolites for severity of TBAD. (A-C) OPLS-DA for discriminating metabolites from 
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used VENN plot to further screen the metabolites, and 
16 differential metabolites were identified after comparing 
the three groups in pairs (Figure 4G). K-means cluster 
analysis was used to cluster the 16 metabolites (Figure 
4H). When we set the subclass to three, each cluster could 
be distinguished from other clusters. We found that the 
abundance of two metabolites, glycine deoxycholic acid and 
glycochenodeoxycholic acid, gradually decreased in parallel 
with the severity of TBAD (subclass 1). The abundance of 
one metabolite, hydrocinnamic acid gradually increased in 
parallel with the severity of TBAD (one of three metabolites 
in subclass 3). Tandem mass spectrometry figures of the 
metabolites were shown in the Figure S1. 

Identification of metabolites for the severity of TBAD

Correlation analysis showed that hydrocinnamic acid, 
glycine deoxycholic acid and glycochenodeoxycholic acid 
were significantly correlated with the severity of TBAD 
(Figure 5A-5C). Then, we used ordered logistic regression 

model after adjusting for gender, age and BMI. As shown in 
Figure 5D, the increasing abundance of hydrocinnamic acid 
as well as the decreasing abundance of glycine deoxycholic 
acid and glycochenodeoxycholic acid were associated with 
a higher risk of severe TBAD. Therefore, we concluded 
that hydrocinnamic acid was independently correlated with 
the severity of TBAD, while glycine deoxycholic acid and 
glycochenodeoxycholic acid were inversely correlated with 
the severity of TBAD independently.

Discussion

AD is a life-threatening disease with a high mortality rate. 
Imaging tests are the main tools to confirm the diagnosis 
and predict the prognosis, while reliable diagnostic and 
predictive biomarkers are scarce (5). Therefore, it is of 
importance to identify biomarkers related to AD. Using 
metabolomics, we found that plasma metabolite profile 
of hypertensive patients with TBAD were significantly 
different from those in hypertensive patients without 
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TBAD. We screened out three plasma metabolites 
associated with TBAD disease, and built an MRS model to 
predict the risk of TBAD. We subsequently identified three 
metabolites to indicate the severity of AD. 

The plasma metabolites were significantly different 
between hypertensive patients with or without AD (17). 
How to screen specific metabolites in high dimensional 
metabolomics data is of great significance. We identified 
three plasma metabolites, including 1,5-anhydro-D-glucitol, 
D-(+)-sucrose and PC(O-16:0/0:0), to distinguish AD in an 
unbiased manner. Previous studies have suggested that some 
of these metabolites were associated with cardiovascular 
events. 1,5-anhydro-D-glucitol serves as a sensitive clinical 
marker of short-term glycemic status (18). Some studies have 
reported that it was associated with coronary artery diseases 
(19,20). Sucrose is a human metabolite and an important 
added sugar in our lives. Yang et al. reported a significant 
relationship between sugar consumption and increased risk 
for cardiovascular disease mortality (21). PC(O-16:0/0:0) 
is derived from lysophosphatidylcholine. Zhou et al. 
illustrated that many kinds of lysophosphatidylcholine, such 
as LysoPC(16:0), LysoPC(16:1(9Z)) and LysoPC(18:0) were 
decreased in acute Stanford type A and B AD (9). However, 
the relationship between these three metabolites and 
TBAD has not been reported. In this study, we proposed 
the combination of these three metabolites as a predictor 
for the risk of TBAD in hypertensive patients, and built an 
MRS model. Nevertheless, it is necessary to enroll more 
samples to verify this model. Moreover, exploring the role 
of these metabolites in TBAD is of great importance to 
further understand the pathogenesis of AD in future studies. 

In tere s t ing ly,  we  found  tha t  one  metabo l i t e , 
hydrocinnamic acid, was increased and two metabolites, 
glycine deoxycholic acid and glycochenodeoxycholic 
acid, were decreased in parallel with TBAD severity. Few 
studies demonstrated the effect of hydrocinnamic acid 
on AD. In patients with AD, whether the metabolism of 
hydrocinnamic acid is abnormal warrants further study. 
Glycine deoxycholic acid and glycochenodeoxycholic 
acid are two types of bile acids, which might reduce 
the risk of cardiovascular diseases. It was reported that 
ursodeoxycholic acid could alleviate the formation of 
AD in in vivo experiments (22), deoxycholylglycine could 
reduce vascular tone in in vitro experiments (23), while 
glycoursodeoxycholic acid could reduce atherosclerosis via 
gut microbiota mediated pathways (24). Our results also 
illustrated that the abundance of glycine deoxycholic acid, 
glycochenodeoxycholic acid, glycoursodeoxycholic acid 

and glycohyodeoxycholic acid were significantly reduced 
in patients with TBAD. Thus, the reduction of bile acids 
might aggravate TBAD. Nuclear farnesoid X receptor 
and membrane Takeda G protein-coupled receptor 5 are 
bile acid-related receptors, which could maintain glucose 
homeostasis in metabolic syndrome (25,26) and exert anti-
inflammation effects on atherosclerosis (27). Therefore, we 
speculated that the increased severity of TBAD caused by 
decreased bile acids might be related to the reduction of 
bile acid receptor activation, which needs to be validated in 
future studies. 

Nevertheless, this study is limited by a relatively small 
number of subjects included, and the changes of these 
metabolites need to be verified in larger scale studies 
in the future. Moreover, we cannot obtain the exact 
concentrations of the metabolites in the blood via widely 
targeted metabolomics, which should be addressed in the 
future. Finally, the MRS model is only self-verified in our 
data, an external verification is needed in future study.

Conclusions

In this study, we screened out three plasma metabolites 
associated with the risk of TBAD and constructed an MRS 
model. Subsequently, we identified three metabolites that 
were independently correlated with the severity of TBAD. 
This research may shed light on identifying more AD 
related biomarkers, exploring mechanisms of AD, and 
searching for potential therapeutic targets.
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