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Background: Primary biliary cholangitis (PBC) is associated with multiple adverse pregnancy events and neonatal outcomes. 
However, the available observational study evidence results are inconsistent, and causality is unclear.
Methods: We used a two-sample Mendelian randomization (MR) analysis to assess the association between PBC and multiple 
adverse pregnancy events and neonatal outcomes in a European population. Independent SNPs associated with PBC from genome- 
wide association studies (GWAS) were selected as instrumental variables. The inverse variance weighting (IVW) method was used as 
the primary analysis method, supplemented by the remaining four MR analysis methods. Heterogeneity and sensitivity analyses of 
instrumental variables were examined using Cochrane’s Q, MR-PRESSO, MR-Egger, and leave-one-out methods.
Results: IVW estimates indicated that genetically predicted increased PBC was associated with lower birth weight (OR 0.991, 95% CI 
0.983 ~ 0.998, P=0.018), decreased gestational age (OR 0.992, 95% CI 0.987 ~ 0.998, P=0.007), and increased risk of preterm birth 
(OR 1.043, 95% CI 1.007 ~ 1.081, P=0.019) were associated. For birth weight, the OR estimates obtained by weighted median (OR 
0.988, 95% CI 0.980 ~ 0.996, P= 0.006) were consistent with IVW. In addition, no significant causal associations were found between 
genetically predicted PBC and preeclampsia or eclampsia, miscarriage, placental abruption, gestational diabetes mellitus, and 
postpartum hemorrhage.
Conclusion: Our study reveals that genetically predicted PBC is associated with low birth weight, decreased gestational age, and 
increased risk of preterm labor in a European population. However, current research does not establish a causal relationship between 
PBC and adverse pregnancy outcomes.
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Introduction
Primary biliary cholangitis (PBC) is an immune-mediated, chronic cholestatic liver disease marked by tiny to medium- 
sized bile duct lesions, which are often accompanied by severe cholestasis.1 The pathogenesis of PBC is complex and 
results from a combination of environmental triggers, epigenetic alterations, and autogenetic susceptibility. However, an 
inherited genetic predisposition is a major factor in the development of PBC. It was found that five out of eight identical 
twins had PBC at the same time, with a 63% pairwise concordance rate. Conversely, researchers found no pairwise 
concurrent PBC in dizygotic twins.2 The clinical features of PBC include dysregulation of the body’s immune balance, 
bile metabolism disorders, and progressive fibrosis, which will eventually progress to cirrhosis and liver failure if not 
treated in time.3–5 Currently, the treatment of PBC mainly focuses on relieving cholestasis, and ursodeoxycholic acid is 
still the first-line therapeutic drug for PBC.6–8

Epidemiologic investigations have shown that PBC is more common, mainly in postmenopausal middle-aged women, 
with about one-quarter of PBC patients being of childbearing age. However, only a few studies have reported on 
pregnancy in PBC, primarily case reports and small cohort studies.9 Pregnancy in women with PBC typically results in 
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pruritic symptoms. However, we have not observed any adverse maternal events or adverse neonatal outcomes during the 
perinatal period.10,11 Another study noted a significantly increased risk of preterm labor during pregnancy in patients with 
PBC.9 Additionally, chronic cholestasis and bile acid disorders often accompany PBC progression, affecting approxi
mately 4% of pregnancies.12 Cholestasis usually occurs late in pregnancy; in a few cases, it begins as early as seven 
weeks of gestation.13 Studies have shown that elevated serum bile acid levels during pregnancy are an essential risk 
factor for adverse pregnancy and fetal abnormalities.14,15 However, the impact of the progression of PBC during 
pregnancy concerning adverse pregnancy events and fetal outcomes remains understudied, with most studies focusing 
on only a few specific outcomes and lacking a comprehensive assessment of the overall impact. In addition, traditional 
observational studies may produce controversial results due to confounding factors and reverse causality. Therefore, 
reassessment of the effects of PBC on a wide range of adverse pregnancy and neonatal outcomes is essential to protect 
maternal and fetal health.

Mendelian randomization (MR) is a genetic variation-based research strategy that identifies causal links between 
exposure and disease. Mendelian randomization (MR) uses genetic variants to minimize confounders and reverse 
causation, offering clearer evidence of causation compared to observational studies. This study used two-sample MR 
analysis to find for the first time a causal relationship between PBC and adverse pregnancy and neonatal outcomes. This 
approach emphasizes PBC’s distinct significance in maternal and fetal outcomes from a genetic perspective and helps 
doctors gain a better understanding of the effects of PBC throughout pregnancy.

Materials and Methods
Study Design
As shown in Figure 1, in order to reduce unnecessary bias caused by external environmental factors in the study of 
causality between exposure and outcome, we utilized multiple single nucleotide polymorphisms (SNPs) as instrumental 
variables (IVs) for subsequent MR analyses. According to the guiding specifications of the STROBE - MR statement, we 
performed the MR analysis process subject to 3 core assumptions: 1) there is a strong correlation between the IVs and 
PBC; 2) the IVs are independent of any confounding factors that may influence the relationship between PBC and the 
eight adverse pregnancy and neonatal outcomes; and 3) the IVs can influence the eight adverse pregnancy and neonatal 
outcomes only through PBC.16

Data Sources
GWAS (Genome-Wide Association Study) identifies genetic variants associated with specific traits or diseases by 
comparing genomic differences across individuals. This research leverages whole-genome sequencing to detect statistical 
associations between single nucleotide polymorphisms (SNPs) and PBC.17 Details of the GWAS data between PBC and 
the eight adverse pregnancy and neonatal outcomes are shown in Table 1. We retrieved the maximum GWAS pooled 
dataset for PBC from the IEU OpenGWAS Database Project (https://gwas.mrcieu.ac.uk/) and the FinnGen GWAS 
database (version R9, https://r9.finngen.fi/) retrieved for the largest GWAS pooled datasets for PBC, gestational diabetes 
mellitus, miscarriage, placental abruption, preeclampsia or eclampsia, and postpartum hemorrhage. The PBC GWAS 
pooled dataset was obtained from 13,239 participants (2,764 patients and 10,475 controls) of European descent. 

Figure 1 Two-sample Mendelian randomization between PBC and eight adverse pregnancy and neonatal outcomes. IVs: instrumental variables; SNP: single nucleotide 
polymorphism.
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Miscarriage GWAS pooled dataset from 49,996 patients and 174,109 controls from the European population. GWAS 
summary statistics for preeclampsia and eclampsia from a European sample comprising 114,735 controls and 3,903 
cases. Data from 5,687 cases and 117,892 controls in a European population were utilized in the gestational diabetes 
mellitus GWAS. The placental abruption GWAS included data from a European sample of 294 cases and 104,247 
controls. Postpartum hemorrhage GWAS pooled data from a European population of 44,559 patients and 202,621 
controls. GWAS data for gestational age, birth weight, and preterm labor were obtained from the Early Growth 
Genetics Consortium (http://egg-consortium.org/).18,19 The birth weight GWAS data included 210,267 European popula
tions. GWAS data for gestational age included 84,689 European populations. Preterm labor GWAS data contained 4,775 
patients and 60,148 controls. The GWAS data utilized in this investigation were published openly by the host research 
institution; therefore, no further ethical approval was required.

Selection of Genetic Instrument Variables
To ensure the statistical validity of the IVs, we used the following screening criteria: 1) We selected SNPs associated with 
PBC as potential candidate IVs (p < 5e-8); 2) to ensure genetic independence between the selected variables, we chose r2 
< 0.001 and a window size of 10,000 kb; 3) SNPs with an F-statistic of < 10 were excluded to ensure that the IVs 
obtained muscular association strength with PBC,20 F = R2(N - K - 1) / [K (1-R2)], where K is the number of SNPs 
contained in IVs, R2 is the exposure variance explained by each SNP, and N is the total number of valid samples included 
in the GWAS; and 4) exclude SNPs that were allele incompatible in the palindromic sequences and had a minimum allele 
frequency < 1%.

Statistical Analysis
To assess the causal effects between PBC and eight adverse pregnancy and neonatal outcomes, five MR analysis methods 
were used in a two-sample MR study, including inverse variance weighting (IVW), weighted mode, simple mode, MR- 
Egger, and weighted median (WM) methods. IVW, as the primary assessment method for MR analysis, was used to 
assess the causal effect of PBC by averaging the causal effect values, and then the inverse of their variance was taken as 
a weight.21 The slope of the MR-Egger regression reflects the average causal effect of all genetic variants. The WM 
method ensured that >50% of the IVs were valid. MR estimates were expressed as the odds ratio (OR) and its 95% 
confidence interval (CI). Sensitivity analyses were performed using MR-Egger regression, MR-PPRESSO, and leave-one 
-out methods. We assessed the horizontal pleiotropy of causal effects using MR-Egger regression’s intercept and zero 
difference.22 MR PRESSO identifies outliers in IVs and reduces potential horizontal pleiotropy in the MR process by 
excluding outliers.23 The heterogeneity of MR analyses was evaluated using the Cochrane’s Q test; if P < 0.05, the IVW 
random effects model was applied. Otherwise, the IVW random effects model and fixed effects model were both 
applied.16 Furthermore, a leave-one-out analysis was implemented to evaluate the stability of the MR estimates following 
the individual exclusion of each selected SNP. We conducted all tests using the R software (version 4.3.3), Two Sample 

Table 1 Information on Data Included in the Study

Traits GWAS ID First Author/Year Sample Size  
(Cases/Controls)

Sample Size ETHNICITY

Primary biliary cholangitis (PBC) ebi-a-GCST003129 Cordell HJ/2015 2764/10.475 13239 European

Miscarriage ebi-a-GCST011888 Laisk et al (2020) 49.996/174.109 224105 European

Preeclampsia or eclampsia finn-b-O15_PRE_OR_ECLAMPSIA FinnGen (2021) 3903/114.735 118638 European

Gestational diabetes finn-b-GEST_DIABETES FinnGen (2021) 5687/117.892 123579 European

Placental abruption finn-b-O15_PLAC_PREMAT_SEPAR FinnGen (2021) 294/104.247 104541 European

Postpartum hemorrhage – FinnGen (2021) 8249/202.621 210870 European

Birthweight – EGG Consortium (2019) – 210267 European

Gestational age – EGG Consortium (2019) – 84689 European

Preterm birth – EGG Consortium (2019) 4775/60,148 64923 European
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MR (version 0.6.4), and MR PRESSO (version 1.0). We deemed P-values statistically significant if they were less 
than 0.05.

Results
Selection of IVs
We screened 25 PBC-associated SNPs following the screening criteria for PBC-associated IVs. Each SNP met the 
F-statistic > 10 and the F-value in the range of 202.230–2004.173. Supplementary Table S1 displays the specific 
information about the SNP loci.

Causal Estimates of the Association Between Genetic Susceptibility to PBC and 
Adverse Pregnancy and Neonatal Outcomes
The IVW model showed that genetically predicted increased PBC was associated with lower birth weight (OR 0.991, 
95% CI 0.983 ~ 0.998, P=0.018), decreased gestational age (OR 0.992, 95% CI 0.987 ~ 0.998, P=0.007), and increased 
risk of preterm labor (OR 1.043, 95% CI 1.007 ~ 1.081, P=0.019). For birth weight, the weighted median OR estimates 
(OR 0.988, 95% CI 0.980 ~ 0.996, P = 0.006) were consistent with IVW. The remaining causal association estimates 
from the four MR analysis methods, including MR-Egger regression and weighted median, were generally consistent 
with the IVW direction. In addition, there was no evidence of a significant causal association between genetically 
predicted PBC and miscarriage, preeclampsia or eclampsia, gestational diabetes mellitus, placenta previa, or postpartum 
hemorrhage in the IVW prediction results. The results of the MR analyses are shown in Figures 2 and 3 and 
Supplementary Table S2.

Sensitivity Analysis
A random effects model was employed for IVW in Cochran’s Q analysis, and the Q statistic for birth weight was P < 
0.05, showing heterogeneity. A possible explanation is that the observed heterogeneity in birth weight may be attributable 
to genetic, environmental, and maternal health factors, which cannot be completely eliminated in Mendelian randomiza
tion studies. In addition, methodological errors (such as measurement inaccuracies and data entry problems) may also 
contribute to the heterogeneity of the observed results. We found no significant heterogeneity for the other outcomes 
(Supplementary Table S3). The MR-PRESSO results revealed outliers in birth weight (rs11065987, rs1800693, rs485499, 
rs2297067, rs7774434) and gestational diabetes mellitus (rs7774434). We eliminated these outliers and reanalyzed them 
using MR, presenting the MR results in Supplementary Figure S2. Leave-one-out plots (Supplementary Figure S1) 
display the effects and trends of SNPs on outcomes for each MR analysis method. All MR procedures showed no 
significant deviation of the MR-Egger regression intercept from zero, and the IVs for each outcome showed no evidence 
of horizontal pleiotropy in PBC (Supplementary Table S3). Furthermore, the results of the leave-one-out analysis indicate 
that the total risk estimate without any causal association is driven by a specific SNP (Supplementary Figure S1).

Discussion
Our MR results reveal for the first time a significant causal relationship between genetically predicted PBC and neonatal 
outcomes (birth weight, gestational age, and preterm birth) but not with adverse pregnancy outcomes (gestational 
diabetes mellitus, preeclampsia or eclampsia, placental abruption, miscarriage, and postpartum hemorrhage). The 
etiology is unknown.

Emerging evidence supports the role of PBC in neonatal outcomes. Research on PBC and neonatal outcomes is 
limited, and the precise mechanisms remain unclear. Genetic susceptibility, environmental factors, the accumulation of 
bile acids in the fetus during pregnancy, and the increased responsiveness of the myometrium to bile acids are considered 
potential factors. Researchers have reported an increased risk of adverse fetal outcomes, such as preterm labor and 
stillbirth, in pregnant women with elevated serum bile acids.24 A multicenter retrospective study revealed a higher rate of 
preterm delivery (up to 28%) in female patients with PBC during pregnancy and a negative correlation between the 
number of days of gestation and maternal serum bile acid levels during pregnancy.9 It was concluded that the rate of 
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preterm labor increased significantly when the serum bile acid concentration in pregnant women was ≥40 μmol/L.25 

A multicenter study in the Netherlands that included 215 pregnant women found that patients with severe cholestasis had 
a significantly lower gestational age at delivery, as well as a considerably higher risk of spontaneous preterm delivery 
compared to those with mild cholestasis.26 Chen et al27 conducted an observational study of pregnancy outcomes in 

Figure 2 Forest plot visualization of MR estimates for genetic prediction of causal associations between PBC and adverse pregnancy and neonatal outcomes.
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patients with intrahepatic cholestasis in Hangzhou, China, during 2018–2020, which included 39,244 pregnant women, 
including 688 patients with intrahepatic cholestasis, and found that pregnant women with intrahepatic cholestasis were 
more likely to experience shorter gestational days and the resulting preterm delivery and weight loss of the fetus. 
Experiments on animals have also revealed that prolonged intravenous infusion of bile acids, which maintains higher 
levels of bile acids in the body, predisposes pregnant sheep to preterm labor and increases the risk of meconium 
contamination in their amniotic fluid.28 Additionally, studies have reported that administering exogenous bile acids to 
isolated uterine myocytes in vitro experiments led to elevated oxytocin receptor expression.29 Overall, clinicians should 
inform patients with PBC of the potential risk of preterm labor, weight loss, and decreased gestational age during 
pregnancy, particularly when serum bile acid levels are elevated, and enhance perinatal care and monitoring.

Studies on PBC and adverse pregnancy events are scarce and limited to a few case reports and case-control studies. 
The present study did not find genetic evidence of a causal association between PBC and pregnancy outcomes, which is 
consistent with the findings of several previous studies. Possible biological explanations include a weak effect of genetic 
polymorphisms on these specific results, or a dominant role of other environmental factors. In addition, methodological 
limitations, such as insufficient sample size, measurement error of exposure variables, etc., may also lead to non- 
significant results. Studies have demonstrated that patients with PBC experience no significant adverse pregnancy events 
during pregnancy, and 70% of these patients tend to enter clinical remission during pregnancy, maintaining most of their 
hepatic biochemical markers at normal levels.11 Similarly, Floreani et al10 included in their case-control study 233 female 
PBC patients (186 of whom had at least one conception) and 367 healthy women (who had at least one conception in 
their lifetime) seen from 1987 to 2012 and found that when compared to the healthy group, PBC patients had no 
significant differences. However, some studies have found an increased risk of miscarriage during pregnancy in patients 
with PBC. A meta-analysis that included a total of 2,179 female PBC patients in 11 observational studies showed that 
pregnant women with PBC had a significant 1.27-fold increased risk of miscarriage.30 In addition, patients with PBC are 
often clinically associated with intrahepatic cholestasis, which is considered a risk factor for adverse pregnancy events 
during pregnancy. A 12-year Swedish cohort study examined the association between intrahepatic cholestasis in 
pregnancy and the risk of adverse pregnancy and fetal outcomes and found that, compared with those without 
intrahepatic cholestasis, those with intrahepatic cholestasis had a significantly higher risk of preeclampsia (OR 2.62, 
95% CI 2.32–2.78), and gestational diabetes (OR 2.81, 95% CI 2.32–3.41) had a significantly higher risk.31 A recent 
4-year retrospective study similarly found that pregnant women with comorbid intrahepatic cholestasis had a higher risk 
of gestational diabetes mellitus and preeclampsia and were significantly associated with adverse perinatal outcomes.32 

Elevated serum bile acids interfere with the normal rhythm of cardiomyocytes as well as the production of lung surface- 
active substances, which may lead to fetal distress and stillbirth.14,15 Moreover, studies suggest that pregnancy has an 
immune-tolerant effect on PBC development, and higher serum estrogen levels during pregnancy contribute to the 
conversion of cytokine type I cytotoxic profiles to type 2 anti-inflammatory profiles, thereby indirectly attenuating the 

Figure 3 Scatter plots of causality between PBC and adverse pregnancy and neonatal outcomes. (A) Low birth weight. (B) Gestational age. (C) Preterm birth. 
Abbreviation: MR, Mendelian randomization.
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impact of PBC on pregnancy outcomes.33,34 More extensive prospective multicenter studies are necessary for validation, 
as clinical studies remain controversial.

This is the first MR investigation that investigates the possible causative relationship between PBC and unfavorable 
pregnancy and newborn outcomes, as far as we are aware. As confounding bias is often present in observational studies, 
it prevents us from obtaining valid and reliable conclusions when determining causal effects between diseases. The 
foundation of Mendelian randomisation is the idea of genetic random assignment, which successfully eliminates reverse 
causality and confounding variables. The GWAS significance threshold for MR analysis was set at p < 5e-8 so that there 
was a significant correlation between the candidate SNPs and the exposure. SNPs with an F-statistic of F < 10 were also 
excluded. Finally, robust and strongly associated IVs were obtained, which ensured the reliability of the results of the MR 
analysis. In the MR analysis, in addition to IVW as the primary analysis method, we used four different MR analysis 
methods for iterative analysis to obtain robust results and eliminate anomalous outliers in the sensitivity analysis to 
minimize false-positive results due to horizontal pleiotropy and heterogeneity. The population source for the aggregated 
GWAS data we included was primarily European, reducing the confounding problem of population stratification. 
However, there are some limitations here. Because of differences in the prevalence and incidence of PBC, adverse 
pregnancy events, and neonatal outcomes among different ethnic populations, GWAS data for other ethnic populations 
was also lacking in our MR study. Therefore, one should exercise caution when extrapolating these findings to other non- 
European ethnic populations. Furthermore, we anticipate further refinement of the causal relationship between PBC and 
adverse pregnancy and neonatal events in different ethnic populations in the future as we update and pool relevant GWAS 
databases.

Conclusion
Our findings suggest that there is a link between genetically predicted PBC and an increased risk of newborn outcomes 
such as low birth weight, short gestational age, and premature birth. We recommend further in-depth studies to uncover 
the pathophysiologic mechanisms underlying this relationship and to offer clinicians new and compelling evidence to 
guide perinatal monitoring and postpartum neonatal care.
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CIs, confidence intervals; GWAS, genome-wide associated studies; IVs, instrumental variables; IVW, inverse-variance 
weighted; MR, Mendelian randomization; ORs, odds ratios; SNPs, single-nucleotide polymorphisms; WM, weighted 
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