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Abstract 
An association has been observed between systemic lupus erythematosus (SLE) and primary biliary cholangitis (PBC) in 
observational studies, however, the exact causal link remains unclear. We aim to evaluate the causal relationships between SLE and 
PBC through bidirectional Mendelian randomization (MR). Single-nucleotide polymorphisms (SNPs) were selected as instrumental 
variables from publicly accessible genome-wide association studies (GWAS) in European populations. The PBC and SLE GWAS 
data were obtained from the MRC IEU Open GWAS database, consisting of 24,510 and 14,267 samples, respectively. After a 
series of quality control and outlier removal, inverse variance weighted was used as the primary approach to evaluate the causal 
association between SLE and PBC. The horizontal pleiotropy and heterogeneity were examined by the MR-Egger intercept test 
and Cochran Q value, respectively. Seven SNPs were included to examine the causal effect of SLE on PBC. Genetically predicted 
SLE may increase the risk of PBC development, with an odds ratio (OR) of 1.324 (95% confidence interval [CI] 1.220 ∼ 1.437,  
P ˂ .001). Twenty SNPs were included to explore the causal effect of PBC on SLE. Genetically predicted PBC may increase the 
risk of SLE development, with an OR of 1.414 (95% CI 1.323 ∼ 1.511, P ˂ .001). Horizontal pleiotropy and heterogeneity were 
absent (P > .05) among SNPs. The robustness of our results was further enhanced by using the leave-one-out method. Our 
research has provided new insights into SLE and PBC, indicating bidirectional causal associations between the 2 diseases. These 
findings offer valuable contributions to future clinical studies.

Abbreviations: CI = confidence interval, GWAS = genome-wide association study, IVW = inverse variance weighted, MR = 
Mendelian randomization, OR = odds ratio, PBC = primary biliary cholangitis, SLE = systemic lupus erythematosus, SNP = single-
nucleotide polymorphism.
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1. Introduction
Primary biliary cholangitis (PBC) is the most prevalent autoim-
mune liver disease and is characterized by destructive lympho-
cytic cholangitis and positive antimitochondrial antibodies. 
PBC is involved in immunological and cholestatic pathobio-
logical interactions, ultimately resulting in liver cirrhosis pro-
gression.[1] The estimated global prevalence of PBC is on the 
rise.[2] Females and elderly individuals have shown the highest 
rates of incidence and prevalence.[3] Patients diagnosed with 
PBC are usually complicated by various extrahepatic mani-
festations, particularly autoimmune disorders.[4,5] The asso-
ciation between PBC and extrahepatic autoimmune diseases 
has received considerable scientific attention. In a recent ret-
rospective cohort of 1554 PBC individuals, the prevalence of 
extrahepatic autoimmune diseases was 28.3%.[6] Although 

extensive studies have been conducted on the immunological 
processes that cause liver injury,[7,8] the genetic relationship 
between PBC and extrahepatic autoimmune diseases is still 
poorly understood.

Systemic lupus erythematosus (SLE) is a multifactorial 
autoimmune condition with diverse clinical symptoms and can 
result in life-threatening systemic organ damage.[9] The inci-
dence of SLE varies from 0.3 to 31.5 cases per 100,000 indi-
viduals per year and has increased over the past decades.[10] 
Although the liver is not one of the main organs affected by 
SLE,[11] 21% of the patients with SLE exhibited abnormal liver 
function.[12] Furthermore, SLE patients frequently have posi-
tive autoantibodies associated with PBC, even in those who do 
not have elevated liver enzymes.[13] Up to now, PBC and SLE 
overlap have been observed in some observational studies.[14–17] 
The co-occurrence of PBC and SLE suggests the possibility of 
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common pathogenic mechanisms.[18,19] However, the causal 
association between PBC and SLE is still unclear, and further 
efforts are urgently needed to assess the causality between 
these disorders.

While traditional observational studies have laid the ground-
work for understanding the potential link between PBC and 
SLE, they face significant limitations when it comes to inferring 
causality. These limitations include, but are not limited to, con-
founding factors, reverse causation, and measurement errors. The 
Mendelian randomization (MR) approach overcomes these lim-
itations by using genetic variants as instrumental variables, which 
are associated with the exposure of interest but are assumed not 
to affect the outcome directly, except through this exposure.[20] 
The advantage of the MR method is that genetic variants are 
fixed at birth, thus they are not influenced by confounding factors 
and do not change as a result of the outcome, offering a more 
reliable means to infer causality. By employing the MR approach, 
we can more robustly assess whether there is a causal relationship 
between PBC and SLE, rather than merely an association. In this 
study, we aim to explore the causal link between PBC and SLE 
through bidirectional 2-sample MR analysis, indicating bidirec-
tional causal associations between these 2 diseases.

2. Materials and methods

2.1. Data sources

To eliminate genetic bias due to ethnic differences, the MR 
analysis was carried out only on the European population. All 
genome-wide association studies (GWAS) summary data were 
obtained from the MRC IEU Open GWAS project (https://
gwas.mrcieu.ac.uk/). The GWAS summary data for PBC (ebi-a-
GCST90061440) included 8021 cases and 16,489 controls.[21] 
All cases of PBC were diagnosed based on the criteria for PBC 
from the American Association for the Study of Liver Diseases. 
The GWAS summary data for SLE (ebi-a-GCST003156) con-
sisted of 5201 cases and 9066 controls.[22] All SLE cases were doc-
umented on the basis of the American College of Rheumatology 
classification criteria. All the data in the present study are widely 
available to researchers worldwide; hence, ethical approval or 
informed consent was waived.

2.2. Study design

Our MR study employed single-nucleotide polymorphisms 
(SNPs) as instrumental variables to assess the causal associa-
tions between PBC and SLE (Fig. 1). Our study utilized the fol-
lowing 3 presumptions: the SNPs exhibit a strong correlation 
with exposure; the SNPs are unrelated to numerous confound-
ers; and the SNPs solely affect the outcome through exposure. 
Therefore, SNPs with genome-wide significance (P < 5 × 10−8) 
were selected. To eliminate bias induced by linkage disequi-
librium, SNPs that had a genomic region window of at least 
10,000 kb and R2 <0.001 were included. Palindromic SNPs were 
excluded during SNP selection. The strength of the SNPs was 
assessed using the F-statistic.[23] SNPs with an F-statistic of <10 
were excluded to avoid biasing weak instrumental variables. 
Confounders were manually retrieved from previous studies in 
PubMed database.[24–26] The PhenoScanner V2 database (http://
www.phenoscanner.medschl.cam.ac.uk/) was used to screen and 
exclude SNPs associated with confounders.

2.3. Statistical analysis

The main analysis was performed through the inverse variance 
weighted (IVW) approach by the TwoSampleMR package to 
investigate the causal relationships. By aggregating individ-
ual ratio estimates, IVW generates overall estimates of the 
causal influence of exposure on the outcome.[27] The strength 
of the IVW method lies in its ability to efficiently harness all 
the available SNPs to calculate the causal effect, proving to be 
highly effective when all the instruments are valid. MR-Egger 
regression, on the other hand, is designed to identify and cor-
rect for pleiotropy among the instrumental variables. It stands 
out by offering a causal effect estimate that remains unaffected 
by pleiotropic effects, under the condition that the Instrument 
Strength Independent of Direct Effect (InSIDE) assumption is 
met.[28] The weighted median method presents a median-based 
estimation of the causal effect, emerging as a robust alternative 
capable of producing valid causal estimates even when as many 
as 50% of the instrumental variables are invalid.[29] It assigns 
weights based on the precision of each SNP estimate, strik-
ing a balance between precision and resilience against invalid 

Figure 1.  Study design of MR analysis. MR = Mendelian randomization.
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instruments. Each method offers distinct contributions to the 
robustness and validity of MR analyses. While the IVW method 
is highly efficient with valid instruments, its susceptibility to 
pleiotropic effects is notable. MR-Egger addresses the challenge 
of pleiotropy but at the expense of statistical power and is reli-
ant on the InSIDE assumption for its efficacy. Meanwhile, the 
weighted median approach provides a middle ground, offering 
robustness to invalid instruments to a certain extent. The MR 
results were presented as odds ratio (OR) with 95% confidence 
interval (CI).

To ensure that the SNPs were consistent with the basic 
assumptions of the MR analysis, the possible pleiotropic effects 
of the SNPs were assessed by the MR-Egger intercept test. The 
MRPRESSO package is specifically designed to detect and 
address outliers among the instrumental variables based on the 
significance of their outlier test P values.[30] After identifying and 
excluding these outliers, MRPRESSO recalculates the causal 
estimates, thereby refining the analysis by removing potential 
sources of bias introduced by pleiotropic outliers. Heterogeneity 
was quantified by Cochran Q value, and the presence of het-
erogeneity was determined if the P value was <.05. If there 
was heterogeneity between the SNPs, the IVW was performed 
with a fixed effect model; otherwise, the random effect model 
was applied. In addition, the robustness of the MR results was 
examined through the leave-one-out approach. This method is 
instrumental in identifying any individual SNP that dispropor-
tionately influences the overall causal estimate, thereby ensuring 
the reliability of the results. All statistical analyses were per-
formed in R software (version 4.3.1).

3. Results

3.1. Casual effect of SLE on PBC

Seven SNPs strongly related to SLE were included to exam-
ine the causal effect of SLE on PBC (Supplementary Table 1, 
Supplemental Digital Content, http://links.lww.com/MD/
M594). The IVW analysis showed that genetically predicted SLE 
may increase the risk of PBC (OR = 1.324, P ˂ .001) (Fig. 2A, 
Table 1). Consistent results were obtained from the weighted 
median (OR = 1.353, P ˂  .001) (Table 1). The MR-Egger method 
yielded the same direction of causality (OR = 1.287, P = .45), 

but did not reach statistical significance. The SNPs included did 
not show any heterogeneity (P > .05) or horizontal pleiotropy 
(intercept = 0.006; P = .93) (Fig. 2B, Table 1). The robustness of 
the MR analysis results was confirmed by the “leave-one-out” 
method (Fig. 2C).

3.2. Casual effect of PBC on SLE

Twenty SNPs strongly related to PBC were included to exam-
ine the causal effect of PBC on SLE (Supplementary Table 2, 
Supplemental Digital Content, http://links.lww.com/MD/
M595). The IVW method showed that genetically predicted 
PBC may increase the risk of SLE (OR = 1.414, P ˂ .001) 
(Fig. 3A, Table 1). Consistent results were also obtained using 
the MR-Egger (OR = 1.373, P = .004) and weighted median 
approaches (OR = 1.418, P ˂ .001) (Table 1). No evidence indi-
cated the presence of any heterogeneity (P > .05) and horizontal 
pleiotropy (intercept = 0.008; P = .74) (Fig. 3B, Table 1). The 
reliability of the MR analysis was further confirmed through 
the “leave-one-out” approach (Fig. 3C).

4. Discussion
Our study aims to explore the causal relationship between PBC 
and SLE, a matter that remains unsolved in previous obser-
vational studies. Although the potential mechanisms behind 
SLE and PBC are not yet fully understood, our study has 
demonstrated a bidirectional causal relationship between the 
2 diseases. The robustness of our MR results was validated by 
sensitivity analysis. Heterogeneity and horizontal pleiotropy 
were absent in our study. Our results might suggest a potential 
overlap in the pathophysiological mechanisms of these autoim-
mune diseases.

Previous studies showed that the prevalence of concomitant 
SLE in PBC patients varies between 1.3% and 3.7% and the 
prevalence of concomitant PBC in SLE patients ranges from 
2.2% to 7.5%.[5] SLE patients frequently have positive autoanti-
bodies associated with PBC,[13] while autoantibodies associated 
with SLE are also often detected in PBC patients.[19] Although 
the co-existence of PBC and SLE was reported in previous 
observational studies, the causal associations between these 

Figure 2.  Causal effect of SLE on PBC. (A) Estimate effect; (B) scatter plot; (C) “leave-one-out” sensitivity analysis. PBC = primary biliary cholangitis, SLE = 
systemic lupus erythematosus.
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diseases remain unclear. According to the current guidelines for 
SLE, liver damage is included in the diagnostic and classification 
criteria for SLE.[10,11] However, abnormal liver function is com-
mon in SLE cases.[12] Our study employed the MR approach to 
evaluate the causal associations between SLE and PBC, show-
ing a bidirectional causal relationship between the 2 diseases. 
Therefore, except for drug-induced liver injury, the abnormali-
ties in liver function in SLE cases might be caused by PBC.

The development of extrahepatic autoimmune diseases 
is involved in the interactions of both natural and adaptive 
immune responses targeting cholangiocytes and various extra-
hepatic tissues.[31] Smoking has been shown to impair both 
innate and adaptive immunity and has been identified as a risk 
factor in developing PBC and SLE.[32,33] Smoking is known to 
affect pro-inflammatory cytokines mediated Th1/Th17 adap-
tive immune response, which plays vital roles in the pathogenic 
mechanisms of PBC.[34] The mechanisms of smoking in SLE is 
complicated, including effects on abnormal T cell function, eval-
uated levels of inflammatory cytokines, and oxidative stress.[35]

There has been a great deal of research about the genetic 
inheritance of PBC and SLE,[36,37] highlighting the importance 
of genetic background. Osteopontin is a versatile cytokine and 
adhesion molecule, which is involved in the regulation of both 
the innate and adaptive immune responses.[38] Numerous stud-
ies have implicated osteopontin in the development of a variety 
of autoimmune diseases,[38–40] including PBC and SLE. Previous 
GWAS showed that PBC and SLE shared some common genes, 

including IL12RB2, IL12A, IL12B, STAT4, CD226, EST1, IRF5, 
and TNPO3.[14,36,37] These may provide an explanation for why 
individuals with common genes are more susceptible to concur-
rent SLE in PBC, or PBC in SLE. Nevertheless, it is challeng-
ing to determine the exact mechanism of the above common 
genes in regulating PBC and SLE. Further comprehension of the 
genetic heredity of these disorders will be beneficial for clinical 
pharmacotherapy.

There is growing evidence to suggest that there is a strong 
link between intestinal dysbiosis and autoimmunity.[41,42] Some 
research has indicated that individuals with SLE experienced 
dysbiosis in their gut microbiome, with a reduction in species 
richness.[43,44] Furthermore, the reduction was more pronounced 
in SLE patients with high disease activity.[45] Decreased bacte-
rial diversity was also observed in PBC cases, and gut dysbi-
osis is associated with clinical prognosis.[46,47] Animal studies 
have shown promising results for gut microbiota-based ther-
apy, supporting the hypothesis that changes in gut microbi-
ota can affect autoimmune responses and disease outcomes.[48] 
However, the composition of intestinal microflora is frequently 
influenced by multifactorial conditions, and further study with 
better design is needed.

Personalized management strategies might be necessary for 
patients with PBC and SLE, considering the potential shared 
pathophysiological mechanisms between the 2 conditions. To 
facilitate early identification and intervention, screening pro-
grams for these patients should be detailed and comprehensive. 

Table 1

MR results of causal associations between SLE and PBC.

Exposure to outcome Methods OR (95% CI) P value 
Cochran Q
(P value) 

MR-Egger 
intercept
(P value) 

SLE to PBC MR-Egger 1.287 (0.700–2.366) .45 6.211 (.28) 0.006 (.93)
Inverse variance weighted 1.324 (1.220–1.437) <.001 6.222 (.40)
Weighted median 1.353 (1.211–1.511) <.001

PBC to SLE MR-Egger 1.373 (1.140–1.653) .004 27.430 (.07) 0.008 (.74)
Inverse variance weighted 1.414 (1.323–1.511) <.001 27.602 (.09)
Weighted median 1.418 (1.312–1.532) <.001

CI = confidence interval, MR = Mendelian randomization, OR = odds ratio, PBC = primary biliary cholangitis, SLE = systemic lupus erythematosus.

Figure 3.  Causal effect of PBC on SLE. (A) Estimate effect; (B) scatter plot; (C) “leave-one-out” sensitivity analysis. PBC = primary biliary cholangitis, SLE = 
systemic lupus erythematosus.
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For individuals at risk due to common genetic backgrounds or 
lifestyle factors, such as smoking, more aggressive monitoring 
measures are recommended. However, future studies should 
expand across diverse ethnicities and geographical areas to 
determine the universality and applicability of these results. 
Additionally, the integration of advanced omics technologies, 
such as genomics, proteomics, and metabolomics, in future 
studies could elucidate the molecular pathways shared between 
PBC and SLE.[49] This might be helpful for the discovery of novel 
biomarkers and therapeutic targets, ultimately contributing to 
the development of more effective diagnostic and treatment 
strategies.

Although large samples of GWAS summary data were 
used for MR analysis, several limitations of this research 
should be recognized. Firstly, the MR results of this study 
are derived from the European population. Hence, caution 
should be taken when extending the results to other ethnic 
groups. Further analysis and validation of the findings across 
different populations are imperative. Secondly, both PBC and 
SLE are more prevalent in females than males. Due to the cur-
rently limited GWAS data, stratification of the genetic-level 
causal effects between PBC and SLE by gender was not possi-
ble. Finally, MR analysis only provides the causal association 
between SLE and PBC, without explanation of the biological 
process behind the association. Therefore, further experimen-
tal efforts are needed to explore the biological mechanism 
between PBC and SLE.

5. Conclusion
The MR results showed bidirectional causal associations 
between SLE and PBC, which provides new insights into these 
diseases and holds significant clinical guidance for clinicians in 
daily medical practice. Personalized screening protocols should 
be developed to enhance early detection, facilitating timely ther-
apeutic interventions. Further research is required to assess the 
universality and applicability of these findings across different 
ethnic groups and geographical areas.
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