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Abstract

Aim of the study: Primary biliary cholangitis (PBC) is a  complex, chronic, cholestatic liver disease with an 
autoimmune etiology. While plasma metabolites are crucial indicators of physiological and pathological states, 
their involvement in PBC pathogenesis remains unclear. To address this knowledge gap, we performed a rigorous 
two-sample Mendelian randomization (MR) analysis to assess the causal associations of 1,400 plasma metabo-
lites with PBC.

Material and methods: Genome-wide association data for 1,400 plasma metabolites and PBC were obtained 
from established public databases. The inverse-variance weighted (IVW) method was the primary method used 
for MR analysis. Sensitivity analyses and heterogeneity tests were conducted to assess the stability of the MR 
results. A reverse MR analysis was performed to investigate the possibility of reverse causality.

Results: Four plasma metabolites were identified as potential predictors for the occurrence of PBC. Specifically, 
sphingosine 1-phosphate (OR = 0.65, 95% CI: 0.42-0.98, p = 0.04) and docosadienoate (22:2n6) (OR = 0.57, 
95% CI: 0.36-0.90, p = 0.01) were implicated in conferring a protective effect against PBC. Conversely, ho-
moarginine (OR = 1.34, 95% CI: 1.04-1.72, p = 0.02) and campesterol (OR = 1.19, 95% CI: 1.01-1.40,  
p = 0.03) were associated with an increased risk of PBC. There was no evidence of reverse causality between PBC 
and the identified plasma metabolites.

Conclusions: This study utilized a two-sample Mendelian randomization approach to explore the causal relation-
ship between 1,400 plasma metabolites and PBC. We identified four plasma metabolites that may have a causal 
relationship with the development of PBC. The metabolites identified hold promise as prognostic indicators and 
could illuminate novel pathways for therapeutic intervention in PBC.
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Introduction

Primary biliary cholangitis (PBC), also known as 
primary biliary cirrhosis, is a  chronic inflammatory 

liver disease characterized by autoimmune-mediated 
progressive bile duct obstruction. It predominantly 
affects middle-aged to elderly women and individuals 
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with non-suppurative granulomatous lymphoplasma-
cytic cholangitis [1].

The pathogenesis of PBC may involve a  complex 
and chronic cascade reaction, where the biliary epithe-
lial cells interact with immune metabolites and bile ac-
ids. The detailed mechanisms underpinning these pro-
cesses are not fully delineated. With enhancements in 
diagnostic methods and increasing disease awareness, 
the epidemiology of PBC is progressively changing. 
The diagnostic rate increased from 41% in the 1970s to 
72% in the 1990s [2]. The global incidence of PBC con-
tinued to rise before 2000, after which it stabilized [3]. 
Research indicates that from 2011 to 2020, the in-
cidence rates in the Asia-Pacific region, Europe, and 
North America changed from 0.60, 1.91, and 3.51 to 
0.86, 2.61, and 2.75, respectively [4]. Previous studies 
have shown that in the 1990s and early 2000s, the ratio 
of female to male patients with PBC was 9 : 1 [5]. Re-
cent studies indicate that the aforementioned ratio has 
decreased; however, the predominance of females re-
mains a key characteristic of PBC [3]. In European and 
Asian countries, the prevalence and incidence of PBC 
in women are still 5 times and 4 times higher, respec-
tively, than in men [6]. Currently, expert panels agree 
that the diagnosis of PBC is supported by meeting at 
least two of the following three criteria [7]: Scenario 1: 
Chronic elevation of alkaline phosphatase (ALP) with 
a  positive anti-mitochondrial antibodies (AMA; im-
munofluorescence assay titer of > 1 : 40 or enzyme 
immunoassay > 25 units) in the absence of other liver 
and systemic diseases. Scenario 2: Chronic elevation 
of ALP with negative AMA but positive PBC-specific 
antinuclear antibody (ANA) (sp-100, gp-210) tests or 
a reticular pattern of ANA. Scenario 3: Chronic eleva-
tion of ALP with negative AMA and ANA tests, but 
a liver biopsy showing nonsuppurative cholangitis and 
destruction of the interlobular bile ducts. Untreated 
PBC patients typically progress to cirrhosis and he-
patic failure within 10-20 years. Drug development 
endeavors for PBC are ongoing, targeting pathways in-
volved in bile duct obstruction, anti-fibrosis, immune 
regulation, and metabolic regulation, yet a  cure-all 
treatment remains elusive [8]. 

As the liver undergoes immune responses and 
damage, a diverse array of plasma metabolites becomes 
pronounced,  reflecting the pathological and physio-
logical alteration within [1]. Metabolites in the serum, 
as functional intermediates under environmental ex-
posure (including chemicals, heavy metals, pollutants, 
drugs, nutrients, microorganisms, and radiation, and 
more) [9], can induce permanent changes in cellular 
tissues and genetic structures through epigenomic 
modulation [10]. Metabolomic studies in liver diseas-

es are commonly associated with conditions such as 
cirrhosis and liver cancer, but research on serum me-
tabolites related to PBC, an autoimmune liver disease, 
is relatively rare. Hao et al. [11] established that the 
metabolism of serum glycine, serine, and threonine 
is associated with the progression of PBC. Shayesteh 
et al. [12] found that hepatic and cardiac kynurenine/
tryptophan ratios were elevated in rats with cholestat-
ic liver cirrhosis and were reduced following 1-meth-
yl tryptophan (1-MT) administration. Tang et al. 
[13] compared small molecule metabolites in the 
blood of PBC patients and healthy controls and found 
that bile acid levels increased with the progression of 
PBC, while propionyl carnitine and butyryl carnitine 
decreased. Many studies from human, cellular, and 
animal models indicate a connection between serum 
metabolites and PBC [11-13]. However, the underly-
ing mechanisms remain unclear, and traditional ob-
servational studies grapple with the challenge of estab-
lishing a definitive causal relationship between serum 
metabolites and the emergence of PBC. 

Mendelian randomization (MR), a  technique fre-
quently utilized in genetic epidemiology, leverages 
genetic variation as an instrumental variable to inves-
tigate causal relationships between exposome factors 
and clinical outcomes [14]. Large-scale genome-wide 
association studies (GWAS) analysis provides the pos-
sibility of genetically screening pathogenic plasma 
metabolites related to PBC [15]. Therefore, this study 
employed a  two-sample MR analysis to assess the 
causal relationship between 1,400 plasma metabolites 
and PBC. Through this approach, our study aimed to 
identify important biomarkers associated with PBC 
that may play a crucial role in the early diagnosis and 
management of the disease. Additionally, clarifying 
the causal relationships between these metabolites 
and PBC will provide a scientific basis for developing 
targeted intervention strategies in the future, thereby 
helping to improve treatment outcomes and quality of 
life for patients.

Material and methods

Study design

Based on a  two-sample MR analysis, we assessed 
the causal relationship between 1,400 plasma metabo-
lites and PBC. MR utilizes genetic variation as a proxy 
for risk factors. Therefore, instrumental variables in 
causal inference must satisfy three key assumptions:  
1) genetic variation is directly associated with expo-
sure; 2) genetic variation is unrelated to potential con-
founders between exposure and outcome; 3) genetic 
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variation does not affect the outcome through path-
ways other than exposure (Fig. 1).

Genome-wide association study data sources 
for primary biliary cholangitis

The GWAS data for PBC are derived from a meta- 
analysis conducted by Cordell et al. [16], published in 
Nature Communications. The study utilized samples 
from 2,764 PBC patients and 10,475 healthy individ-
uals of European descent. Approximately 1.12 million 
single nucleotide polymorphisms (SNPs) were em-
ployed for association analysis. The data are publicly 
accessible in the GWAS catalog (Trait: Primary biliary 
cholangitis – IEU OpenGWAS project (mrcieu.ac.uk)) 
with the accession number ebi-a-GCST003129.

GWAS data for 1,400 plasma metabolites

The GWAS data for plasma metabolites originate 
from a  study conducted by Chen et al. [17], pub-
lished in Nature Genetics (Supplementary Material 1). 
The data are publicly available in the GWAS catalog 
(GWAS Catalog (ebi.ac.uk)) with the accession num-
ber GCST90199621-90201020. The study comprises 
meta-analysis data from 8,299 individuals of European 
descent, involving 1,091 plasma metabolites and 309 
metabolite ratios for GWAS. Among the 1,091 plas-
ma metabolites, 850 are known and categorized into 
8 classes: carbohydrates, amino acids, nucleotides, co-
factors and vitamins, lipids, peptides, energy products, 
and xenobiotics. The remaining 241 are classified as 
unknown or “partially” characterized molecules.

Selection of instrumental variables

To meet the assumptions, we rigorously identified 
instrumental variables (IVs) associated with plasma 
metabolites from multiple perspectives using strict 
screening criteria. Given a moderate number of SNPs 
related to plasma metabolites, we selected SNPs associ-
ated with plasma metabolites based on a genome-wide 
significance level (p < 1 × 10-5). To ensure that the in-
strumental variables are genetically independent, we 
focused on SNPs by removing linkage disequilibrium 
(LD, R2 > 0.001 within 10,000 kb). To mitigate bias, we 
calculated the F-statistic for each SNP to measure its 
strength as an instrumental variable, considering SNPs 
with F < 10 as weak instrumental variables and exclud-
ing them [18]. We used the PhenoScanner database to 
examine SNPs potentially associated with confounding 
factors, and those that could violate the independence 
assumption were excluded. After rigorous screening, 

the remaining SNPs were considered qualified instru-
mental variables.

Mendelian randomization analysis

Under various assumptions, we applied several ro-
bust MR statistical methods to calculate the estimates 
of the impact of plasma metabolites on PBC. These 
methods include inverse variance weighting (IVW) 
[19], MR-Egger regression [20], the weighted medi-
an method (WM) [21], the simple mode [22], and the 
weighted mode [22]. The IVW method is the most fre-
quently used approach in MR analysis [19], and it is the 
primary method employed in this study. MR-Egger, 
like IVW, incorporates an intercept term that assess-
es horizontal pleiotropy [23]. The p-value from a test 
of genetic pleiotropy is used to gauge the likelihood of 
pleiotropy in the analysis. If p > 0.05, it is considered 
that there is weaker evidence of genetic pleiotropy in 
causal analysis, and its potential impact can be dis-
regarded. The WM method can produce correct esti-
mates when less than half of the instrumental variables 
are invalid. Mendelian Randomization Pleiotropy Re-
sidual Sum and Outlier (MR-PRESSO) Analysis [24] 
is employed to detect horizontal pleiotropy and iden-
tify outlier SNPs. After removing these SNPs, the IVW 
method is re-applied to ensure that the results are not 
influenced by anomalous data. We utilized Cochran’s 
Q statistic and the corresponding p-value to test for 
heterogeneity among the selected IVs, where p > 0.05 
indicates no heterogeneity. Sensitivity analysis was 
also conducted using the leave-one-out method [25], 
which evaluates whether MR conclusions depend on 
a specific SNP. If such a SNP is identified, its removal 
should be considered as part of the analysis.

In the IVW method analysis results, we applied 
a  stringent multiple hypothesis testing threshold of  
p < 3.57 × 10-5 (p < 0.05/1,400) to assess significant 
causal relationships. The results can be categorized 
into three types: a direct causal relationship between 
plasma metabolites and PBC, a potential direct causal 
relationship, or the plasma metabolite being a poten-
tial risk factor. If the analysis results from all five mod-

Fig. 1. Mendelian randomization (MR) assumptions
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els show p < 3.57 × 10-5, it is considered that there is 
a direct causal association between plasma metabolites 
and PBC. In the IVW method results, with p < 3.57  
× 10-5, if any of the other four models shows 3.57 × 10-5 
< p < 0.05, it is considered that there might be a direct 
causal relationship between plasma metabolites and 
PBC. If one of the analyses in both the IVW method 
and the other four models shows 3.57 × 10-5 < p < 0.05, 
it is considered that plasma metabolites could be a po-
tential risk factor for PBC.

In summary, we rigorously screened plasma me-
tabolites with potential causal effects on PBC using 
multiple criteria: 1) significant p-values from the initial 
analysis (p < 0.05 in IVW method), 2) consistency in 
direction and magnitude across the five MR methods, 
3) absence of heterogeneity and horizontal pleiotropy 
in MR results, 4) minimal interference of MR estimates 
from individual SNPs.

This study also attempted to explore the causal 
relationship of PBC with plasma metabolites, by con-
ducting a  reverse MR analysis. We extracted signifi-
cant and independent genetic SNPs from PBC GWAS 
data with a significance threshold of p < 5 × 10-8 and 
no linkage disequilibrium. Subsequently, we extracted 
outcome data information from the serum metabolites 
GWAS dataset and performed MR analysis following 
the methods mentioned earlier.

Statistical analysis and data visualization

All statistical analyses in this study were conducted 
using R and R Studio software, with R version 4.3.1. 
The “Two Sample MR” R package [26] and some foun-
dational R packages were employed in the software. 
Forest and scatter plots were generated to illustrate the 
impact of each SNP on risk factors and outcomes.

Results

After the screening, six plasma metabolites out of 
the 1,400 were identified with potential causal associa-
tions with PBC. These metabolites include homoargi-
nine, campesterol, sphingosine 1-phosphate, doco-
sadienoate (22:2n6), g-glutamylglycine, and phenol 
sulfate. However, g-glutamylglycine was subsequently 

dismissed from the analysis due to inconsistent odds 
ratios obtained from its SNPs. Similarly, phenol sulfate 
was eliminated from consideration owing to its limited 
SNPs. In the end, we retained four plasma metabolites 
for further analysis, comprising a total of 20 SNPs.

Employing IVW as the primary analytical method, 
the investigation revealed that sphingosine 1-phos-
phate (OR = 0.65, 95% CI: 0.42-0.98, p = 0.04) and do-
cosadienoate (22:2n6) (OR = 0.57, 95% CI: 0.36-0.90, 
p = 0.01) may confer a protective effect against PBC. 
Conversely, homoarginine (OR = 1.34, 95% CI: 1.04-
1.72, p = 0.02) and campesterol (OR = 1.19, 95% CI: 
1.01-1.40, p = 0.03) could be indicative of a heightened 
risk for developing PBC (Table 1).

The heterogeneity test and genetic pleiotropy test 
were conducted for the above-mentioned four plasma 
metabolites. The outcomes, along with the results from 
five distinct MR models, are systematically presented 
in Table 2. Although not all five models achieved sta-
tistical significance, they exhibited similar effect sizes, 
possibly because the IVW method has higher testing 
efficiency than the other four MR models. The MR 
analysis results for the four plasma metabolites were 
visually summarized in scatter plots (Fig. 2). Further-
more, sensitivity analysis using the leave-one-out ap-
proach for the four plasma metabolites indicated that 
no individual SNP exerted a disproportionate impact 
on the collective results (Fig. 3).

Expanding our analytical scope, we conducted 
a reverse MR analysis to examine whether PBC poten-
tially influences the levels of the 1,400 plasma metabo-
lites. Despite utilizing five distinct MR methodologies, 
no correlation was found between PBC and the plas-
ma metabolites. The summarized results of MR, het-
erogeneity, pleiotropy, and sensitivity analyses for all 
methods regarding the genetically predicted PBC and 
plasma metabolites are provided in Supplementary 
Material 2.

Discussion

In this study, we utilized large-scale GWAS data 
from public databases and employed an unbiased 
two-sample Mendelian randomization analysis to in-
vestigate the causal relationship between an extensive 

Table 1. Causal relationships between blood metabolites and primary biliary cholangitis (PBC) based on inverse-variance weighted (IVW) method analysis

ID Metabolite nSNP Beta Se p OR (95% CI)

GCST90199657 Sphingosine 1-phosphate levels 7 –0.43 0.21 0.04 0.65 (0.42-0.98) 

GCST90199675 Homoarginine levels 4 0.29 0.12 0.02 1.34 (1.04-1.72)

GCST90199711 Docosadienoate (22:2n6) levels 4 –0.55 0.23 0.01 0.57 (0.36-0.90)

GCST90199725 Campesterol levels 5 0.17 0.08 0.03 1.19 (1.01-1.40)
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panel of 1,400 plasma metabolites and the risk of PBC. 
After rigorous quality control, we identified four plas-
ma metabolites that may have a  causal relationship 
with the risk of developing PBC. Research into the me-
tabolomics of serum is reshaping our understanding of 
disease mechanisms, offering insights into metabolic 
disruptions that may precede clinical manifestations. 
These metabolomic profiles are invaluable for early 
disease detection and differential diagnosis [27]. For 
instance, Chen et al. [28] identified six plasma metabo-
lites through the analysis of ovarian cancer patients’ se-
rum samples, suggesting their potential as biomarkers 
for early detection of ovarian cancer. Similarly, Barba 
et al. [29] found that plasma metabolomics could be 
used to predict exercise-induced ischemia in suspect-
ed coronary heart disease patients, implying that plas-
ma metabolomics might assist in screening and risk 
stratification for individuals with coronary artery risk 
factors. Tan et al. [30] identified specific plasma me-
tabolites that could aid in the early diagnosis of hepa-
tocellular carcinoma (HCC), indicating the potential 
of plasma metabolomics in identifying biomarkers for 
liver cancer. 

Recent findings illustrate that immune cells are 
highly sensitive to internal metabolites, rapidly adapt-
ing to microenvironments characterized by hypogly-
cemia and elevated lactate levels. Such adaptability 
is crucial for sustaining self-tolerance within the im-
mune system and for regulation of the metabolic equi-
librium [31, 32]. Yang et al. [33] suggested that serum 
glutamine and folate levels could potentially serve as 
specific biomarkers for PBC, with potential links to the 
immune damage mechanism and prognosis of PBC. 
Moreover, research spearheaded by Hao et al. [11] in-
dicated that serum glycine, serine, and threonine me-
tabolism is associated with the pathogenesis of PBC. 
Additionally, Shayesteh et al. [12] found an elevated 
tryptophan/serotonin ratio in the hepatic and cardiac 
tissues of rats with cholestatic cirrhosis. Another study 
noted increased conversion of tryptophan to serotonin 
in PBC patients, suggesting a correlation between se-
rotonin metabolite levels and PBC severity [34].

In this study, two plasma metabolites, sphingosine 
1-phosphate (S1P) and docosadienoate (22:2n6), 
emerged as being potentially protective against PBC. 
SIP is a crucial sphingolipid metabolite derived from 

Table 2. Causal relationships, heterogeneity tests, sensitivity analyses, and horizontal pleiotropy analyses for blood metabolites and primary biliary cholangitis 
(PBC)

Metabolite MR method p OR
(95% CI)

p for 
Heterogeneity

Horizontal pleiotropy p for MR-
PRESSOEgger-intercept p

Sphingosine 
1-phosphate 
levels

MR-Egger 0.07 0.30 (0.10-0.87) 0.16 0.08 0.19 0.11

Weighted median 0.11 0.69 (0.42-1.09)

Inverse variance weighted 0.04 0.65 (0.42-0.98)

Simple mode 0.30 0.59 (0.23-1.47)

Weighted mode 0.51 0.74 (0.33-1.69)

Homoarginine 
levels

MR-Egger 0.16 1.67 (1.04-2.68) 0.88 –0.04 0.39 0.56

Weighted median 0.01 1.37 (1.05-1.78)

Inverse variance weighted 0.02 1.34 (1.04-1.72)

Simple mode 0.55 1.18 (0.71-1.98)

Weighted mode 0.08 1.41 (1.07-1.85)

Docosadienoate 
(22:2n6) levels

MR-Egger 0.58 0.49 (0.05-4.23) 0.46 0.01 0.90 0.71

Weighted median 0.05 0.57 (0.32-1.01)

Inverse variance weighted 0.01 0.57 (0.36-0.90)

Simple mode 0.24 0.55 (0.24-1.22)

Weighted mode 0.24 0.55 (0.25-1.22)

Campesterol 
levels

MR-Egger 0.22 1.23 (0.93-1.62) 0.67 –0.01 0.77 0.83

Weighted median 0.03 1.21 (1.00-1.45)

Inverse variance weighted 0.03 1.19 (1.01-1.40)

Simple mode 0.32 1.19 (0.87-1.62)

Weighted mode 0.10 1.20 (1.01-1.44)
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intracellular sphinganine. Neural ceramidase converts 
sphinganine into sphingosine, which is then phos-
phorylated by sphingosine kinase (Sphk) to generate 
S1P [35]. S1P acts on specific G protein-coupled re-
ceptors, known as sphingosine 1-phosphate receptors 
(S1PRs), through either secretion or paracrine mecha-
nisms, orchestrating a myriad of cellular processes in-
cluding cell proliferation, migration, and angiogenesis 
[36]. The SIP/S1PR signaling axis also plays a role in 
the migration and differentiation of immune cells such 
as T cells, B cells, and dendritic cells, making it a po-
tential target for immune-mediated diseases such as 
rheumatoid arthritis, systemic lupus erythematosus, 
atopic dermatitis, and inflammatory bowel disease 
[37]. Zhang et al. [38] found that in mice with autoim-
mune hepatitis, the use of S1P1 modulators significant-
ly reduced serum liver function indicators (ALT, AST, 
ALP, etc.) and immunoglobulin (Ig) G levels. This had 

a  pronounced alleviating effect on liver damage and 
inflammatory infiltration, leading to a decrease in lev-
els of inflammatory factors such as interleukin (IL)-6 
and tumor necrosis factor α (TNF-α) in both serum 
and liver tissues. Additionally, it reduced the T-cell 
content in peripheral blood, spleen, and liver, while in-
creasing the T-cell count in the thymus and mesenter-
ic lymph nodes, promoting T-cell homing. This offers 
new insights for the clinical treatment of autoimmune 
hepatitis. Given that PBC is another autoimmune he-
patic condition, our findings revealed that serum S1P 
levels may be a potential predictive factor for the risk 
of developing PBC and act as a protective factor. Fur-
ther exploration of changes in sphingolipid metabo-
lism and its pathways in PBC could hold significant 
importance for the development of new therapies for 
PBC. Docosadienoate (22:2n6) is a C22 fatty acid, be-
longing to polyunsaturated fatty acids (PUFAs), and it 

Fig. 2. Scatter plots demonstrating causal effects in blood metabolites of primary biliary cholangitis (PBC): A) sphingosine 1-phosphate, B) homoarginine,  
C) docosadienoate (22:2n6), D) campesterol
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influences the activity of DNA metabolic enzymes such 
as polymerases (pols) and DNA topoisomerases (to-
pos) [39]. While PUFAs have been implicated in cancer 
prevention and possess the ability to inhibit topoisom-
erase activity [40-42] – a mechanism exploited by cer-
tain anticancer agents – the role of docosadienoate 

(22:2n6) in hepatic pathologies remains uncharted. The 
study by Yonezawa et al. [39] suggests that C22 fatty 
acids can inhibit the activity of human DNA topoisom-
erases without affecting the activity of other DNA-re-
lated enzymes. Among C22 fatty acids, docosadienoate 
(22:2n6) is the most potent inhibitor [39], making it 

Fig. 3. Leave-one-out plots for the causal association between genetically predicted blood metabolites and primary biliary cholangitis (PBC). These blood 
metabolites include sphingosine 1-phosphate (A), homoarginine (B), docosadienoate (22:2n6) (C), and campesterol (D)
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a  potential anticancer fatty acid among PUFAs. Our 
study extends this dialogue to the realm of liver disease, 
calling for dedicated investigations to unravel the po-
tential implications of docosadienoate (22:2n6) in the 
context of PBC and its pathogenesis.

This study also identified two plasma metabolites, 
homoarginine and campesterol, which may be associ-
ated with an increased risk of PBC. Homoarginine is 
a non-protein cationic amino acid and shares homol-
ogy with arginine, with arginine promoting the syn-
thesis of homoarginine [43]. Van der Zwan et al. [44] 
and the LURIC study [45] found a positive correlation 
between homoarginine and blood pressure. Further-
more, homoarginine levels are related to glomerular 
filtration rate, and low plasma homoarginine con-
centration is a predictor for the progression of kidney 
disease and major endpoints [46]. While the focus of 
homoarginine research has been primarily on cardio-
vascular, cerebrovascular, and kidney diseases, its role 
in liver health is less understood. Pilz et al. [47] found 
that homoarginine was negatively correlated with liv-
er function impairment and mortality in outpatient 
liver cirrhosis patients. Another study [48] identified 
a  significant correlation between homoarginine and 
plasma alkaline phosphatase activity. However, after 
adjusting for Child-Pugh stage or MELD score, this 
correlation weakened. Nevertheless, the details of this 
relationship, particularly in the context of PBC, de-
mand further investigation. Our study suggests that 
plasma homoarginine could predict PBC occurrence, 
which is a significant step toward understanding this 
amino acid’s role in liver pathophysiology.

Campesterol is one type of plant sterol and serves 
as a  surrogate marker for cholesterol absorption in 
the intestines [49]. Previous studies have suggested 
that dietary supplementation with plant sterols can be 
beneficial, but there are studies indicating potential 
adverse effects on health. For instance, plant sterols 
have been associated with inducing endothelial cell 
dysfunction and inhibiting cell growth [50, 51]. Nik-
kila et al. [52] reported that PBC patients had elevated 
plasma campesterol levels. The measurement of plas-
ma cholesterol, cholestanol, cholesterol/campesterol 
ratio, and campesterol/sitosterol ratio contributed to 
the staging of liver damage in PBC patients. They also 
found that, compared to healthy individuals, PBC pa-
tients had normal plasma cholesterol levels before liver 
transplantation, but campesterol levels were 1.6 times 
higher [53]. Our study suggested that elevated plasma 
campesterol levels may be a factor increasing the risk 
of PBC, pointing to dietary intervention as a potential 
preventive strategy.

In conclusion, our study investigating the causal 
relationship between plasma metabolites and the risk 

of PBC has strong theoretical foundations and signif-
icant clinical research value. The application of strin-
gent quality control and a variety of MR methods lends 
credibility and substance to our findings. Moreover, 
the study’s approach – assessing a  wide spectrum of 
metabolites – adds a  layer of complexity and novelty 
compared to previous studies with narrower scopes.

Nevertheless, our study had some limitations:  
1) The GWAS data for plasma metabolites and PBC 
originated from European populations, which did not 
encapsulate the full spectrum of global genetic diver-
sity and lacked detailed individual-level data. Conse-
quently, analyses of demographic factors such as gen-
der and age were constrained. 2) There was limited 
research on the selected plasma metabolites and their 
relationship with the disease, requiring further explo-
ration. 3) Despite utilizing the largest available GWAS 
dataset for plasma metabolites, expanding the sample 
size is necessary for a more accurate assessment of the 
genetic impact of metabolites on the disease.

Conclusions

In summary, our study harnessed the analytical pow-
er of a two-sample Mendelian randomization approach 
to investigate the causal relationship between an exten-
sive array of 1,400 plasma metabolites and PBC. We 
identified four plasma metabolites that may have a po-
tential causal relationship with the development of PBC. 
Sphingosine 1-phosphate and docosadienoate (22:2n6) 
may reduce the risk of PBC, while homoarginine and 
campesterol may increase the risk. Furthermore, direc-
tional MR analysis did not reveal a  causal association 
between PBC and plasma metabolites.

These findings provide valuable leads that may in-
form future research and enhance our understanding 
of the genetic and metabolic underpinnings of this 
complex autoimmune liver disease.
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