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Abstract
BACKGROUND 
Alterations in plasma and intestinal metabolites contribute to the pathogenesis 
and progression of alcohol-related liver cirrhosis (ALC).

AIM 
To explore the common and different metabolites in the plasma and feces of 
patients with ALC and evaluate their clinical implications.

METHODS 
According to the inclusion and exclusion criteria, 27 patients with ALC and 24 
healthy controls (HCs) were selected, and plasma and feces samples were 
collected. Liver function, blood routine, and other indicators were detected with 
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automatic biochemical and blood routine analyzers. Liquid chromatography-mass spectrometry 
was used to detect the plasma and feces metabolites of the two groups and the metabolomics of 
plasma and feces. Also, the correlation between metabolites and clinical features was analyzed.

RESULTS 
More than 300 common metabolites were identified in the plasma and feces of patients with ALC. 
Pathway analysis showed that these metabolites are enriched in bile acid and amino acid 
metabolic pathways. Compared to HCs, patients with ALC had a higher level of glycocholic acid 
(GCA) and taurocholic acid (TCA) in plasma and a lower level of deoxycholic acid (DCA) in the 
feces, while L-threonine, L-phenylalanine, and L-tyrosine increased simultaneously in plasma and 
feces. GCA, TCA, L-methionine, L-phenylalanine, and L-tyrosine in plasma were positively 
correlated with total bilirubin (TBil), prothrombin time (PT), and maddrey discriminant function 
score (MDF) and negatively correlated with cholinesterase (CHE) and albumin (ALB). The DCA in 
feces was negatively correlated with TBil, MDF, and PT and positively correlated with CHE and 
ALB. Moreover, we established a P/S BA ratio of plasma primary bile acid (GCA and TCA) to 
fecal secondary bile acid (DCA), which was relevant to TBil, PT, and MDF score.

CONCLUSION 
The enrichment of GCA, TCA, L-phenylalanine, L-tyrosine, and L-methionine in the plasma of 
patients with ALC and the reduction of DCA in feces were related to the severity of ALC. These 
metabolites may be used as indicators to evaluate the progression of alcohol-related liver cirrhosis.

Key Words: Alcohol-related liver cirrhosis; Plasma; Feces; Metabolites; Deoxycholic acid; Amino acids

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Metabolites in enterohepatic circulation play an important role in cross-talk between liver and 
gut. More than 300 common metabolites were identified in the plasma and feces of patients with alcohol-
related liver cirrhosis (ALC) by liquid chromatography-mass spectrometry. And we found bile acid and 
amino acid were distributed differently in plasma and feces. More importantly, increased glycocholic acid, 
taurocholic acid, L-phenylalanine, L-tyrosine, and L-methionine in plasma and decreased deoxycholic acid 
in feces of patients with ALC were related to the severity of ALC. These metabolites have the potential to 
evaluate the progression of ALC.

Citation: Xu YF, Hao YX, Ma L, Zhang MH, Niu XX, Li Y, Zhang YY, Liu TT, Han M, Yuan XX, Wan G, Xing 
HC. Difference and clinical value of metabolites in plasma and feces of patients with alcohol-related liver 
cirrhosis. World J Gastroenterol 2023; 29(22): 3534-3547
URL: https://www.wjgnet.com/1007-9327/full/v29/i22/3534.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i22.3534

INTRODUCTION
Alcohol abuse is one of the major factors causing cirrhosis. According to the research data on global 
disease burden in 2017, 25% of deaths from liver cirrhosis were caused by alcohol-related liver diseases 
(ALD)[1]. Several clinical studies have found altered plasma or serum metabolites in patients with 
alcohol-related liver cirrhosis (ALC)[2]. Previous studies have focused on serum or plasma 
metabolomics in patients with ALC and demonstrated that alcohol alters the levels of amino acids and 
bile acids in the plasma or serum[3]. The common changes in plasma or serum include decreased levels 
of glutamine and increased levels of tyrosine and alanine[4,5]. A few studies on fecal metabolomics 
showed that fecal metabolomics in patients with alcoholic cirrhosis was changed, while some studies 
revealed that the fecal amino acids, such as glutamine, isoleucine, phenylalanine, and serine, are 
reduced[6]. In addition, the production of secondary bile acid, such as deoxycholic acid (DCA), was 
reduced[6]. Also, intestinal microbiota can metabolize bile acids, aromatic amino acids, carbohydrates, 
and polysaccharides to produce secondary bile acids, indoles, phenol derivatives, short-chain fatty 
acids, and polysaccharides[7]. These metabolites can also influence other organs through the gut-liver 
axis[8]. Therefore, the metabolites in the blood can be either from other organs’ metabolites outside the 
intestine or from intestinal[9]. The metabolites in the blood or the feces may have homogeneity but may 
also have specific characteristics related to their respective environments. These products participate in 
the metabolism of glycogen, amino acid, and exogenous substances and exert anti-inflammatory effects 
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directly in the intestine[10]. However, the correlation between intestinal metabolites and metabolites in 
plasma for patients with ALC, which might be helpful for the diagnosis and treatment of ALC, has not 
yet been elucidated. Therefore, the present study aimed to investigate the common and different charac-
teristics of the metabolites in the plasma and feces of patients with ALC, their clinical correlation 
between plasma metabolomics and fecal metabolomics, and their value in the evaluation of the severity 
of ALC. This might provide a new direction for understanding the progression of ALC and the 
diagnosis and treatment of ALD.

MATERIALS AND METHODS
Study design and patients
This was a case-controlled observation study. We prospectively enrolled two groups of subjects: 
individuals with ALC and healthy controls (HCs). ALC subjects were selected from male inpatients 
admitted to the Liver Disease Center of Ditan Hospital (Beijing, China) from September 30, 2020 to 
December 31, 2021. The flow-chart demonstrates the selection of study participants (Figure 1). 
According to the International Clinical Guidelines[11], individuals with ALC were diagnosed if they 
met the following criteria: (1) Regular drinking and have a prior or ongoing heavy alcohol intake of > 5 
years (males >36 g alcohol/day); and (2) ultrasonography, computed tomography, or magnetic 
resonance imaging should exhibit liver cirrhosis. Additionally, we recruited age-matched healthy males 
as controls through recruitment advertisements. These controls met the following criteria after clinical 
assessment and blood and imaging examinations: (1) Normal physical examination (heart rate, blood 
pressure, and respiratory rate) and body mass index (BMI) < 30 kg/m2; (2) no history of alcohol intake; 
(3) blood routine, liver function, kidney function, tumor maker, and abdominal ultrasound with normal 
limits; and (4) no sign of any disease, including liver and heart diseases. The following criteria were 
excluded for all participants: (1) Liver diseases except for alcohol etiologies, such as hepatitis B virus or 
hepatitis C virus infection, drug-induced liver diseases, and autoimmune hepatitis; (2) Complications 
except for ascites, such as hepatic encephalopathy, hepatorenal syndrome, hepatopulmonary syndrome, 
and esophageal and gastric variceal bleeding; (3) human immunodeficiency virus infection; (4) other 
digestive diseases (colitis, pancreatitis, and cholecystitis); (5) kidney, heart, lung, neurological, and 
metabolic diseases (diabetes, thyroid, and adrenal diseases); (6) all types of cancers; and (7) systemat-
ically using antibiotics, probiotics, and proton pump inhibitors within 1 mo before enrollment.

Clinical information, including demographic indicators, was collected. Moreover, the plasma and 
feces of all participants were collected and frozen at -80 °C for subsequent biochemical and hemato-
logical indexes tests and untargeted metabolomics detection.

This research scheme was approved by the Ethics Committee of Ditan hospital based on the ethical 
principles of the Declaration of Helsinki and registered at http://www.chictr.org.cn/ (ChiCTR-
2000038216). Written informed consent was obtained from all the participants.

Biochemical and hematological indexes examination
White blood cell, neutrophilic granulocyte percentage, red blood cell (RBC), hemoglobin (HGB), 
hematocrit (HCT), mean corpuscular volume (MCV), and platelet (PLT) levels were detected on 
automatic blood routine analyzers (Sysmex, Kobe, Japan). Alanine aminotransferase (ALT), aspartate 
transaminase (AST), total bilirubin (TBil), albumin (ALB), albumin/globulin (A/G), g-glutamyl 
transpeptidase (GGT), alkaline phosphatase (ALP), cholinesterase (CHE), total bile acid (TBA), total 
cholesterol, urea nitrogen, and creatinine (Cr) were detected on automatic biochemical analyzers 
(Hitachi, Tokyo, Japan). Prothrombin time (PT) was detected by automatic coagulation analyzers 
(Werfan, Barcelona, Spain), and alpha-fetoprotein (AFP) was detected by chemiluminescence 
immunoassay analyzer (Abbott, Chicago, IL, United States).

Untargeted metabolomics detection
Plasma or feces sample was mixed with an extract buffer and homogenized in an ice-water bath. The 
homogenization and sonication cycle was repeated three times. The supernatant was collected by centri-
fugation of the homogenates and analyzed by liquid chromatography-mass spectrometry (LC-MS/MS) 
on a UHPLC system (Thermo Fisher Scientific, Waltham, MA, United States) with a UPLC BEH Amide 
column coupled to Q Exactive HFX mass spectrometer from Thermo Fisher Scientific. The QE HFX mass 
spectrometer was used for its ability to acquire MS/MS spectra in information-dependent acquisition 
(IDA) mode using the acquisition software (Thermo Fisher Scientific, Waltham, MA, United States). The 
acquisition software continuously evaluates the full scan MS spectrum in this mode. The quality control 
(QC) sample was prepared by mixing an equal aliquot of the supernatants from all the samples.

Statistical analysis
The raw data were converted to the mzXML format using ProteoWizard and processed with an in-
house program developed using R and based on XCMS for peak detection, extraction, alignment, and 
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Figure 1 Flow chart demonstrating the selection of study participants. HC: Healthy control group; ALC: Alcohol-related liver cirrhosis group; LC-
MS/MS: Liquid chromatography-mass spectrometry.

integration. Then, an in-house MS2 database (Biotree DB, Shanghai, China) was applied to metabolite 
annotation. The cutoff for the annotation was set at 0.3. All variables were normalized in MetaboAnalyst 
5.0 (https://www.metaboan-alyst.ca) after preprocessing using the Masshunter Profinder software. R 
script can view details and download them from the website of MetaboAnalyst (https://
www.metaboanalyst.ca/MetaboAnalyst/docs/RTutorial.xhtml). The results of the patients’ clinical and 
biochemical characteristics for continuous variables are expressed as median (upper quartile, lower 
quartile), and categorical variables are expressed as numbers and percentages. The between-group 
comparisons were made with Kruskal-Wallis H test. All statistical analyses were performed using SPSS 
26.0 software. The significance level for all statistical tests was set at 0.05. Based on the metabolome 
profile, the phenotype-associated fingerprint metabolites were projected to one eigen metabolite by the 
first principal component in the unsupervised principal component analysis (PCA). Fold change (FC): 
the quantitative ratio of the two groups of experimental substances by comparing the ALC group to the 
HC group. Furthermore, we analyzed significant differences (P < 0.05 and FC > 2 or P < 0.05 and FC < 
0.5) by comparing the ALC and HC groups and marked them as ALC/HC. We also detected the 
metabolic pathways of phenotype-associated fingerprint metabolites. PCA was conducted on the 
MetaboAnalyst website based on R. Furthermore, the P- and FC values were obtained from the 
MetaboAnalyst website. Then, the original variables were narrowed down to fingerprint based on P-
value and FC.

RESULTS
Clinical characteristics of the study cohort
The clinical characteristics and laboratory tests of participants are shown in Table 1. A total of 51 
subjects were included in this study, including 24 HCs and 27 patients with ALC, and all subjects were 
males. No significant differences were detected in age and BMI between the two groups. The levels of 
ALT, AST, TBil, GGT, ALP, TBA, and PT were higher in the ALC group than in the HC group, while the 
number of RBCs and the levels of HGB, HCT, ALB, CHE, PLT, and T-CHO were lower in ALC than in 
HCs. Compared to HCs, there were no significant differences in UREA, CREA, AFP, and GLU in ALC 
patients.

Amino acids and derivatives were the most common metabolites in the plasma and feces of patients 
with ALC
More than 8000 plasma metabolites and more than 10,000 fecal metabolites were detected in this study. 
HMDB identified > 300 types of co-metabolites in plasma and feces. Amino acids and their derivatives 
accounted for the largest proportion of co-metabolites in plasma and feces. The remaining metabolites 
included bile acids, dicarboxylic acids, hydroxy fatty acids, saturated fatty acids, and unsaturated fatty 
acids (Figure 2A). Principal component analysis on the plasma and feces of patients with ALC showed 
(Figure 2B and C) that the metabolites in the plasma were clearly distinguished between the two groups 
based on the first and second principal component scores, while the metabolites in the feces were 
discretely distributed within the two groups, rendering difficulty in distinguish them between the 
groups. These findings indicated obvious individual differences in the types and content of fecal 
metabolites in ALC or HCs.

https://www.metaboan-alyst.ca
https://www.metaboanalyst.ca/MetaboAnalyst/docs/RTutorial.xhtml
https://www.metaboanalyst.ca/MetaboAnalyst/docs/RTutorial.xhtml


Xu YF et al. Plasma and fecal metabonomics of ALC

WJG https://www.wjgnet.com 3538 June 14, 2023 Volume 29 Issue 22

Table 1 Clinical characteristics of the study cohort

Characteristic HC (n = 24) ALC (n = 27) P value

Age (yr) 53 (48, 57.75) 51 (43, 60) 0.527

BMI (kg/m2) 22.92 (22.04, 24.09) 24.22 (22.94, 24.94) 0.101

Clinical lab index

WBC (109/L) 5.82 (5.30, 6.76) 4.57 (3.60, 6.62) 0.023

NEU (%) 56.20 (52.1, 60.55) 56.60 (46.60, 67.90) 0.678

RBC (1012/L) 4.83 (4.52, 5.02) 3.66 (2.90, 4.58) < 0.01

HGB (g/L) 148.00 (144.00, 156.00) 117.00 (100.00, 147.00) < 0.01

HCT (%) 43.25(41.85, 46.8) 33.60 (29.50, 42.50) < 0.01

MCV (fl) 91.50 (88.35, 94.68) 97.00 (92.2, 104.00) 0.001

PLT (109/L) 246 (223.25, 268.00) 86.00 (46.00, 123.00) < 0.01

ALT (U/L) 17.35 (12.75, 22.5) 25.7 (15.1, 36.9) < 0.01

AST (U/L) 19.7 (17.78, 21.73) 36.7 (24.90, 74.20) < 0.01

TBil (μmol/L) 13.95 (11.75, 15.20) 47.3 (28.70, 115.70) < 0.01

ALB (g/L) 46.48 (45.68, 47.68) 34.27 (28.4, 39.5) < 0.01

A/G 1.80 (1.63, 1.80) 1.10 (0.80, 1.60) < 0.01

GGT (U/L) 14.7 (10.28, 17.50) 94.3 (25.00, 243.80) < 0.01

ALP (U/L) 58.7 (53.05,70.05) 97.9 (68.40, 137.50) < 0.01

CHE (U/L) 8326.00 (7251.50, 9304.25) 3547 (1700.00, 5735.00) < 0.01

TBA (μmol/L) 1.90 (1.45, 2.50) 66.1 (29.30, 174.20) < 0.01

T-CHO (mmol/L) 4.40(3.72, 4.86) 3.27 (2.54, 4.78) < 0.05

UREA (mmol/L) 5.04 (4.12, 5.87) 5.05 (4.29, 6.21) 0.734

CREA (mmol/L) 75.5 (72.18, 84.93) 68.8 (60.5, 75.50) 0.051

GLU (mmol/L) 5.27 (4.94, 5.76) 5.24 (4.57, 6.08) 0.977

PT(s) 11.45 (11.20, 11.8) 17.1 (12.10, 22.80) < 0.01

AFP (ng/mL) 2.37 (1.97, 3.34) 4.01 (2.70, 6.97) 0.002

All clinical information in the table indicates data collected at the time closest to blood collection. Median and quartile values are provided as Median 
(upper quartile, lower quartile), unless otherwise noted as n (%). ALC: Alcohol-related liver cirrhosis; HC: Healthy control; CA: Cholic acid; TCA: 
Taurocholic acid; WBC: White blood cell; NEU: Neutrophilic granulocyte percentage; RBC: Red blood cell; HGB: Hemoglobin; HCT: Hematocrit; MCV: 
Mean corpuscular volume; PLT: Platelet; ALT: Alanine aminotransferase; AST: Aspartate transaminase; TBil: Total bilirubin; ALB: Albumin; A/G: 
Albumin/glubumin; GGT: γ-glutamyl transpeptidase; ALP: Alkaline phosphatase; CHE: Cholinesterase; TBA: Total bile acid; T-CHO: Total cholesterol; 
UREA: Urea nitrogen; CREA: Creatinine; PT: Prothrombin time; AFP: Alpha-fetoprotein.

Differences in bile acid and amino acid metabolism pathways in plasma and feces of patients with 
ALC
The common metabolites were analyzed in plasma and feces, respectively, and compared to HCs after t-
test and difference analysis. A total of 150 differential metabolites in plasma and 106 differential 
metabolites in the feces of patients with ALC were screened based on FC > 2 or FC < 0.5. The results 
showed that 46 metabolites were upregulated and 16 were downregulated in plasma, while 38 
metabolites were upregulated and 14 were downregulated in feces (Table 2, Supplementary 
Tables 1 and 2). Similarly, metabolic pathway analysis showed that the metabolites in plasma and feces 
of patients with ALC were involved in porphyrin metabolism, phospholipid biosynthesis, inositol 
metabolism, sugar and starch metabolism, catecholamine biosynthesis, thyroid hormone synthesis, 
estrone metabolism, betaine metabolism, beta-oxidation of very long chain fatty acids, fatty acid 
metabolism, caffeine metabolism, and phosphatidylcholine synthesis. The bile acid metabolism pathway 
was significantly enriched in plasma, while the porphyrin metabolism pathway was significantly 
enriched in feces (Figures 3A and B). Strikingly, the amino acid metabolism was significantly enriched 
in both plasma and feces. However, the types of amino acids involved in plasma and feces were 

https://f6publishing.blob.core.windows.net/2c9a45cd-1728-443a-b7ba-d876bc13f170/WJG-29-3534-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/2c9a45cd-1728-443a-b7ba-d876bc13f170/WJG-29-3534-supplementary-material.pdf
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Table 2 Number of altered metabolites

ALC/HC P < 0.05 Up (FC > 2) Down (FC < 0.5)

Plasma 150 46 16

Feces 106 38 14

Compared to healthy controls, there were different number of differential metabolites in plasma or feces of patients with alcohol-related liver cirrhosis 
(ALC) by t-test. Fold change: The quantitative ratio of the two groups of experimental substances by comparing ALC group with healthy control (HC) 
group, and marked them as ALC/HC. ALC: Alcohol-related liver cirrhosis; HC: Healthy control; FC: Fold change.

Figure 2 Subclass and distribution of common metabolites in the plasma and feces of patients with alcohol-related liver cirrhosis. A: 
Subclass of common metabolites in plasma and feces of patients with alcohol-related liver cirrhosis (ALC); B: Principal component analysis (PCA) of plasma 
metabolites in two groups; C: PCA of fecal metabolites in two groups. Green dots represent healthy control group, and red dots represented patients with ALC group. 
Abscissa PC 1 and ordinate PC 2 represent the scores of the first and second principal components respectively, each scatter point represented a sample, the closer 
the distribution of sample points, it indicates that the types and contents of metabolites in the samples are more similar. On the contrary, the farther the sample is, the 
greater the difference in its overall metabolic level. The sample is basically within the 95% confidence interval (Hotelling's T-squared ellipse). HC: Healthy control 
group; ALC: Alcohol-related liver cirrhosis group.

different. The metabolic pathways of methionine, phenylalanine, tyrosine, glycine, and serine were 
significantly enriched in both plasma and feces; however, the metabolic pathways of tryptophan, 
taurine, hypotaurine, D-arginine, and D-ornithine were enriched in the plasma, while alanine, valine, 
leucine, isoleucine, arginine, and proline metabolic pathways were significantly enriched in feces. 
Various substances were involved in the above-mentioned enrichment pathways (Supplemen-
tary Tables 3 and 4). Differential analysis and screening of FC > 2 or FC < 0.5 with P < 0.05 showed that 
nine substances, such as cholic acid (CA), taurocholic acid (TCA), DCA (DCA), and L-methionine were 
upregulated in plasma, and three metabolites, such as formylanthranilic acid, were down-regulated in 
ALC. Thirteen metabolites, such as glycine, L-threonine, L-phenylalanine, L-valine, L-tyrosine were 
upregulated, and betaine was downregulated in feces (Figure 3C and D, Supple-mentary Table 5).

https://f6publishing.blob.core.windows.net/2c9a45cd-1728-443a-b7ba-d876bc13f170/WJG-29-3534-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/2c9a45cd-1728-443a-b7ba-d876bc13f170/WJG-29-3534-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/2c9a45cd-1728-443a-b7ba-d876bc13f170/WJG-29-3534-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/2c9a45cd-1728-443a-b7ba-d876bc13f170/WJG-29-3534-supplementary-material.pdf
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Figure 3 Enrichment metabolic pathway and volcano map of metabolites. A: Enrichment metabolic pathway in plasma; B: Enrichment metabolic 
pathway in feces. Enrichment Ratio was computed by Hits/Expected, where hits = observed hits; expected = expected hits (details in Supplementary Tables 3 and 4); 
C: Volcano map of metabolites in plasma; D: Volcano map of metabolites in feces. All metabolites were screened by fold change (FC) > 2, P < 0.05 or FC < 0.5, P < 
0.05. FC: The quantitative ratio of alcohol-related liver cirrhosis to healthy control group. HC: Healthy control group; ALC: Alcohol-related liver cirrhosis group.

Common and differential bile acids, amino acids, and related metabolites in the plasma and feces of 
patients with ALC
Compared to HCs, metabolites involved in the above metabolic pathways differed in the plasma and 
stool of ALC (Table 3). In the bile acid metabolism pathway, primary bile acids, including CA, TCA, and 
glycocholic acid (GCA), increased in the plasma of patients with ALC, while CA, TCA, and GCA did not 
change significantly in feces. Additionally, secondary bile acid DCA decreased in feces but did not differ 
in plasma. In the amino acid metabolism pathway, L-threonine, L-phenylalanine, L-tyrosine, and 
choline increased in both plasma and feces, while betaine decreased concomitantly. GCA, L-methionine, 
and taurine increased, while sarcosine decreased only in plasma. Glycine elevated only in feces, while L-
valine decreased in plasma but increased in feces.

For patients with ALC, the differential enrichment analysis of bile acid and amino acid metabolites in 
plasma and feces revealed that the distribution of the above-mentioned metabolites differed in the 
plasma and feces. In the plasma of patients with ALC, betaine, TCA, GCA, sarcosine, and taurine were 
significantly enriched, while CA, DCA, and formylanthranilic acid, L-threonine, L-phenylalanine, L-
tyrosine, L-methionine, and glycine were markedly enriched in feces (Figure 4).

Association of amino acid or bile acid in plasma or feces with clinical features
Spearman’s correlation analysis revealed that plasma amino acids L-methionine, L-phenylalanine, and 
L-tyrosine in patients with ALC were positively correlated to TBA, MDF, TBil, and PT and negatively 
correlated with CHE and ALB. L-methionine had the highest correlation with TBA, and L-phenylalanine 
had the highest correlation with MDF, TBil, and PT. Nonetheless, no correlation was established 
between L-methionine, L-phenylalanine, L-tyrosine and TBA, MDF, TBil, PT in feces (Figure 5).

Primary bile acids GCA and TCA in plasma exhibited a positive correlation with TBil in clinical 
practice to varying degrees, with GCA having the strongest correlation with a coefficient of 0.86. 
However, no correlation was established between DCA in feces and clinical TBil. The levels of both 

https://f6publishing.blob.core.windows.net/2c9a45cd-1728-443a-b7ba-d876bc13f170/WJG-29-3534-supplementary-material.pdf
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Table 3 Differential metabolites in plasma and feces

Metabolites Metabolic pathway Plasma (ALC/HC) Feces (ALC/HC)

Cholic acid ↑ NS

Glycocholic acid ↑ NS

Taurocholic acid ↑ NS

Deoxycholic acid

Bile acid biosynthesis

↑ ↓

Alanine metabolism

Arginine and proline metabolism

Glutathione metabolism

Glycine

Bile acid biosynthesis

NS ↑

Taurine and hypotaurine metabolismTaurine

Bile acid biosynthesis

↑ NS

Glycine and serine metabolismBetaine

Methionine metabolism

↓ ↓

Glycine and serine metabolismL-Methionine

Methionine metabolism

↑ NS

L-Threonine Glycine and serine metabolism ↑ ↑

Choline Methionine metabolism ↑ ↑

Sarcosine Methionine metabolism ↓ NS

L-Phenylalanine Phenylalanine and tyrosine metabolism ↑ ↑

L-Tyrosine Phenylalanine and tyrosine metabolism ↑ ↑

Formylanthranilic acid Tryptophan metabolism ↓ NS

L-Valine Valine, leucine and isoleucine degradation ↓ ↑

Compared to healthy controls, variation trend of bile acid and amino acid in plasma or feces of patients with alcohol-related liver cirrhosis. NS: Not 
significant; ALC: Alcohol-related liver cirrhosis; HC: Healthy control.

GCA and TCA in plasma showed a positive correlation with TBil, MDF, and PT and a negative 
correlation with CHE and ALB. Conversely, DCA in feces demonstrated a negative correlation with 
TBil, MDF, and PT but a positive correlation with CHE and ALB. Compared to a single index, the ratio 
of all primary bile acids in the blood, including GCA and TCA to DCA in the feces (recorded as P/S BA 
ratio) showed a higher correlation with MDF, TBil, CHE, PT, and ALB (Figure 5).

DISCUSSION
In patients with ALC, the stability of the intestinal microbiota and the integrity of the intestinal barrier 
were compromised, altering the intestinal microbiota and their metabolites. Both exogenous molecules, 
such as amino acids, and endogenously produced molecules from intestinal microorganisms can be 
transported to the liver via the portal vein. The liver secretes bile acids and other biologically active 
mediators into the biliary tract and bloodstream, affecting the intestinal microbiota and their metabolites
[12]. This raises questions about the similarities and differences between plasma and intestinal 
metabolites and their implications in the progression of ALD. In order to gain an in-depth 
understanding of the primary metabolic pathways involved in enterohepatic circulation and their 
correlation with ALD, we conducted a metabolomics study that analyzed both plasma and feces 
metabolites. The current comparative analysis was based on the Human Metabolome Database and 
identified > 300 metabolites, although their distribution varied between plasma and feces. Notably, bile 
acid and amino acid metabolism pathways were significantly concentrated in both plasma and feces, 
which might participate in the progression of the disease.

Bile acid is a critical metabolic substance for maintaining the homeostasis of the gut-liver axis[13]. 
Primary and secondary bile acids (synthesized by the liver and produced by bacterial metabolism, 
respectively) performed various functions in the small intestine and played critical roles in lipid 
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Figure 4 Distribution of bile acids and amino acid and related metabolites in plasma and feces of patients with alcohol-related liver cirrhosis. 
Numerous data basically conformed to the normal distribution after normalizing and scaling. The darker the color, the higher the relative content. ALC-P: Mean 
metabolites in the plasma of patients with alcohol-related liver cirrhosis; ALC-F: Mean metabolites in the feces of patients with alcohol-related liver cirrhosis.

Figure 5 Correlation heatmap of amino acid or bile acid with clinical index. A: Correlation of amino acid with clinical index; B: Correlation of bile acid 
with clinical index. Relative coefficient in circle were calculated by spearman correlation analysis (P < 0.05). “×” in the circle mean no statistical difference (P > 0.05). 
TCA(P)+GCA(P)/DCA(F) also marked as P/S BA ratio represented sum of glycocholic acid and taurocholic acid in plasma divided by deoxycholic acid in feces. MDF: 
Maddrey discriminant function score; TB: Total bilirubin; CHF: Cholinesterase; TBA: Total bile acid; PT: Prothrombin time; ALB: Albumin.

absorption, cholesterol homeostasis, and hormonal effects via their steroid structure[14]. Firstly, 
pathway enrichment analysis in patients with ALC showed substantial enrichment of bile acid 
metabolism in plasma. Next, we found that primary bile acids, including CA, TCA, and GCA of patients 
with ALC increased in plasma but showed no apparent differences in feces, while secondary bile acid 
DCA decreased in feces but increased in plasma. Ethanol stimulates bile acid formation in primary 
human hepatocytes[15]. Moreover, liver cirrhosis affects bile acid secretion, and patients suffer from 
cholestasis. This phenomenon might be the reason for the increase of CA, TCA, and GCA in the plasma 
of patients with ALC. Kakiyama et al[16] reported different levels of serum DCA in ALC with varied 
amounts of alcohol consumption, and the volume of serum binding DCA in ALC was higher than in 
HCs. These findings indicated that plasma DCA increased in patients with ALC; this phenomenon was 
associated with alcohol consumption status. However, several studies have demonstrated that fecal 
DCA and other secondary bile acids in patients with ALD decreased[17,18], which was in agreement 
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with our findings. DCA is the most common bile acid in human feces and cecum samples[19]. Most of 
the DCA in the intestine is only produced by cholic acid transformed by 7α-dehydroxylation-producing 
bacteria, and the currently known DCA-producing bacteria include very few Clostridia and closely 
related bacteria of other genera[20]. Previous studies demonstrated that Clostridiales XIV decreased in 
the feces of ALC patients[21], which might be related to alcohol-induced dysbiosis and inflammation of 
the intestine, and Clostridiales XIV was predictive of 90-d hospitalizations. This could be one of the 
mechanisms for the decrease in fecal DCA, which is presented to the colon[6]. On the other hand, due to 
the impact of DCA on the stability of intestinal epithelial cell membrane, intestinal permeability 
increased, which might result in the resorption of DCA in the blood[22]. This further suggested that 
intestinal microbiota play a significant role in bile acid metabolism and disease progression.

Moreover, our analysis of the correlation between bile acids with clinical indicators showed that GCA 
and TCA in plasma were positively correlated with TBil, PT, and MDF and negatively correlated with 
ALB and CHE, while fecal DCA was negatively correlated with TBil, PT, and MDF and positively 
correlated with ALB and CHE. The ratio of primary bile acids in the plasma to secondary bile acids in 
the feces was correlated with MDF, TBil, CHE, ALB, and PT. Additionally, a positive correlation was 
established between fecal DCA and T-CHO in blood, suggesting that secondary bile acids in feces might 
be closely related to cholesterol homeostasis in the blood. TBil, PT, ALB, and MDF reflect the severity of 
diseases, while CHE reflects the liver’s composition function. The current results suggested that plasma 
GCA and TCA and fecal DCA might be related to the severity of diseases. Furthermore, we calculated 
the ratio of primary bile acids in the plasma to secondary bile acids in feces (P/S BA ratio) and found 
that the P/S BA ratio is correlated with MDF, TBil, CHE, ALB, and PT, which might be an alternative 
indicator of the severity of the diseases. In addition, we found a positive correlation between DCA in 
feces and T-CHO in the blood, which further suggested that secondary bile acids in feces might be 
closely related to cholesterol homeostasis in the blood. In conclusion, bile acid metabolism plays a 
significant role in enterohepatic circulation, and a combined analysis of primary bile acids in the plasma 
and secondary bile acids in feces might provide valuable insights into the progression of ALD.

The current study also revealed that both plasma and feces exhibit a substantial concentration of 
amino acid metabolism, yet the specific types of amino acids involved in each vary significantly. 
Branched-chain amino acids and aromatic amino acids partake in the progression of cirrhosis, as shown 
previously[23,24]. These findings showed a decrease in the plasma concentration of the branched-chain 
amino acid L-valine and an increase in its concentration in feces. Some studies have shown that the 
concentration of L-valine in the plasma of ALC patients decreased[25], and supplementing with L-
valine could improve the survival rate of cirrhosis patients[26]. The decrease in Faecalibacterium 
prausnitzii in the feces of cirrhosis patients, which coded for branched-chain amino acid translocators
[27], can obstruct the transport of branched-chain amino acids and increase L-valine in feces but 
decrease it in the plasma. The content of valine in feces is also affected by the dietary intake of 
branched-chain amino acids. The amino acids with simultaneous changes in plasma and feces are L-
phenylalanine, L-tyrosine, and L-threonine, of which L-phenylalanine and L-tyrosine are aromatic 
amino acids. The elevated levels of aromatic amino acids in cirrhotic patients are linked to the 
progression of liver disease and the development of hepatic encephalopathy[28]. Previous studies have 
demonstrated that hydroxylation of L-phenylalanine and L-tyrosine flux is increased in the blood of 
patients with liver cirrhosis[29]. Phenylalanine is decomposed and hydroxylated to tyrosine, which 
might explain the elevated levels of L-phenylalanine and L-tyrosine in the plasma. Also, L-
phenylalanine and L-tyrosine were raised in feces through enterohepatic circulation, while L-
methionine was increased in the plasma but not feces in ALC patients. A previous study by Marchesini 
et al[30] suggested that the increase of plasma methionine in patients with cirrhosis could be attributed 
to the damage of liver cells and the decrease in methionine’s metabolic function. In addition, the NMR-
based metabolomics analysis by Kumar et al[31] showed increased serum methionine in patients with 
acute-on-chronic liver failure. Moreover, our study found that plasma L-phenylalanine, L-tyrosine, and 
L-methionine were positively correlated with TBil and MDF, suggesting that these three amino acids 
may be related to the severity of diseases, and are designated as markers of disease progression in the 
blood.

Furthermore, our analysis detected the presence of betaine, a crucial component in the metabolism of 
amino acids, such as glycine, serine, and methionine, in the enterohepatic circulation. In patients with 
ALC, betaine decreased in both plasma and feces. It plays a vital role in methylating homocysteine into 
methionine, a process that is crucial for maintaining liver function stability, cell replication, and detoxi-
fication. The reduction in betaine levels in patients with ALC could be due to its depletion or insufficient 
supply during the disease process. A study by Schofield et al[32] showed that changes in betaine were 
associated with the development of ALC. Previous studies have shown that supplementing betaine can 
prevent acute alcoholic liver injury[33], and measuring fecal or plasma betaine levels in patients with 
ALC can assess its insufficiency and is expected to serve as an indicator for evaluating the severity of 
disease or a therapeutic target for treatment.

In addition, glycine and taurine play crucial roles in both amino acid metabolism and bile acid 
metabolism. Alcohol consumption may increase in the proportion of secondary bile acids, the total 
concentration of bile acids, and the proportion of bile acids bound to glycine rather than taurine[10,13]. 
Bajaj et al[6] found that the conjugated bile acids in the duodenal fluid and feces turned into toxic 
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glycine-conjugated bile acids from harmless taurine-conjugated bile acids in ALC patients. Our study 
also observed that taurine was concentrated in the plasma of patients with ALC, while glycine was 
concentrated in their feces. Taurine/glycine ratio was decreased in the serum and feces of patients with 
ALC. The imbalance in the taurine/glycine ratio may be due to dysbiosis caused by liver cirrhosis, the 
subsequent reduction of taurine bioavailability, and an increase in the intestine-liver circulation rate[10,
14]. This phenomenon suggested that regulating taurine/glycine ratio might improve the intestinal 
microecology of ALC patients and alleviate liver diseases.

Taken together, understanding the similarities and differences between plasma and feces metabolites 
holds significant potential in advancing molecular diagnosis in disease progression. The detection of 
these metabolites highlights the diversity of substances that can be detected in both plasma and feces. 
Fecal metabolites are more complex than those in plasma, which might be influenced by several factors, 
such as race, environment, diet, and medicine. Additionally, changes in intestinal and colon microbiota 
and their metabolism can alter the fecal metabolites, with secondary metabolites produced by the 
intestinal microbiota potentially playing a role in disease progression. Thus, further studies with larger 
samples are required to validate and evaluate bile acid and amino acids as potential markers for disease 
progression in cirrhosis. Moreover, integrating intestinal microbiome omics and metabonomics analysis 
is essential to decipher the molecular mechanisms underlying ALC. Since LC-MS analysis used in this 
study has limitations, further comparisons with other detection methods and complementary studies 
are required. The analysis of metabolites in plasma and feces provides an in-depth insight into ALC.

CONCLUSION
Bile acid and amino acid metabolism play a very important role in the progression of ALC. The 
enrichment of GCA, TCA, L-phenylalanine, L-tyrosine, and L-methionine in the plasma of patients with 
ALC and the reduction of DCA in feces was related to the severity of ALC. These metabolites may be 
used as indicators to evaluate the progression of ALC.

ARTICLE HIGHLIGHTS
Research background
Alterations in plasma and intestinal metabolites contribute to the pathogenesis and progression of 
alcohol-related liver cirrhosis (ALC).

Research motivation
Metabolites in enterohepatic circulation play an important role in cross-talk between liver and gut. The 
metabolites in the blood or the feces may have homogeneity but may also have specific characteristics 
related to their respective environments. The correlation between intestinal and plasma metabolites in 
patients with ALC, which might be helpful for the diagnosis and treatment of ALC, has not yet been 
elucidated.

Research objectives
To explore the common and different metabolites in the plasma and feces of patients with ALC and 
evaluate their clinical implications.

Research methods
This was a case-controlled observation study. We prospectively enrolled two groups of subjects: 
individuals with ALC and healthy controls (HCs). We recruited age-matched healthy males as controls 
through recruitment advertisements. According to the inclusion and exclusion criteria, 27 patients with 
ALC and 24 HCs were selected. The plasma and feces samples were collected. Liver function, blood 
routine, and other indicators were detected with automatic biochemical and blood routine analyzers. 
Liquid chromatography-mass spectrometry was used to detect the plasma and feces metabolites. Also, 
the association of metabolites with clinical features was analyzed.

Research results
More than 8000 plasma and more than 10000 fecal metabolites of patients with ALC were detected. 
Among them, More than 300 metabolites were found both in the plasma and feces. Enrichment analysis 
showed that these common metabolites are enriched in bile and amino acid metabolic pathways. 
Moreover, patients with ALC had a higher level of glycocholic acid (GCA) and taurocholic acid (TCA) 
in plasma and a lower level of deoxycholic acid (DCA) in the feces, while L-threonine, L-phenylalanine, 
and L-tyrosine increased simultaneously in plasma and feces. These results was consistent with 
previous studies and have indeed confirmed the disorder of bile acid and amino acid metabolism in 
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patients with ALC. Besides, GCA, TCA, L-methionine, L-phenylalanine, and L-tyrosine in plasma were 
positively correlated with total bilirubin (TBil), prothrombin time (PT), and maddrey discriminant 
function score (MDF) and negatively correlated with cholinesterase (CHE) and albumin (ALB). The 
DCA in feces was negatively correlated with TBil, MDF, and PT and positively correlated with CHE and 
ALB. AP/S BA ratio of plasma primary bile acid (GCA and TCA) to fecal secondary bile acid (DCA), 
which was relevant to TBil, PT, and MDF score was established, which may be used as a biomarker of 
the severity of ALC.

Research conclusions
Bile acid and amino acid metabolism play a very important role in the progression of ALC. The 
enrichment of GCA, TCA, L-phenylalanine, L-tyrosine, and L-methionine in the plasma of patients with 
ALC and the reduction of DCA in feces was related to the severity of ALC. The P/S BA ratio of plasma 
primary bile acids (GCA and TCA) to fecal secondary bile acid (DCA), was relevant to TBil, PT, and 
MDF score.

Research perspectives
Integrating intestinal microbiomics and metabolomics analysis is essential to decipher the molecular 
mechanisms underlying ALC. Since LC-MS analysis used in this study has limitations, further 
comparisons with other detection methods and complementary studies are required.
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