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Background: Observational studies have identified a heightened risk of

osteoporosis and fractures in patients with primary biliary cholangitis (PBC).

However, conclusive evidence establishing a causal relationship between the

two, and a clear mechanism explaining this association, remains elusive.

Methods: We conducted a bidirectional two-sample Mendelian

randomization (MR) analysis to investigate the causal relationship between

PBC and osteoporosis. This analysis utilized five MR methods: inverse-

variance weighted (IVW), MR-Egger, weighted median, weighted mode,

and simple mode. Sensitivity analyses were performed, employing various

models and testing methods, to assess the impact of heterogeneity and

pleiotropy on the results and to confirm their robustness.

Results: A causal relationship between PBC and osteoporosis risk was

established through IVW analysis (OR: 1.049, 95%CI: 1.017–1.082,

P=0.002). Three other MR analyses corroborated these findings.

Conversely, osteoporosis was not found to causally affect PBC risk, as

evidenced by IVW analysis (OR: 0.941, 95%CI: 0.783–1.129, P=0.511).

Across all MR analyses, no heterogeneity or horizontal pleiotropy was

detected among the instrumental variables (IVs). Furthermore, the leave-

one-out analysis indicated that no single SNP disproportionately influenced

the results, affirming the reliability of the bidirectional MR findings.

Conclusion: This study establishes a positive causal relationship between

PBC and the risk of osteoporosis, while no definitive causal link was found

from osteoporosis to PBC. These findings offer new insights and guidance for

managing bone health in PBC patients.
KEYWORDS

primary biliary cirrhosis, osteoporosis, Mendelian randomization study, genome-
wide association studies, causal relationship
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1 Introduction

Primary biliary cholangitis (PBC), formerly known as primary

biliary cirrhosis, is an autoimmune disease characterized by chronic

inflammatory damage to the liver. The precise etiology and

mechanisms underlying PBC are not yet fully understood. Its

hallmark is chronic non-suppurative destructive cholangitis,

primarily affecting the interlobular and septal bile ducts, resulting

in periductal inflammation and necrosis (1). The incidence and

prevalence of PBC show significant variation across different

regions and over time, influenced by genetic, environmental, and

socio-economic factors. According to recent data (2), the incidence

of PBC increased until 2000, then stabilized in North America and

Europe, but continued to grow in the Asia-Pacific region. The global

prevalence of PBC is on the rise, with North America reporting the

highest rate of 21.81 per 100,000 individuals, followed by Europe at

14.59 per 100,000, and the Asia-Pacific region recording the lowest

at 9.82 per 100,000. White non-Hispanic individuals exhibit the

highest incidence rate, although the incidence among Black and

Asian populations is also considerable. Clinical manifestations of

PBC, such as cholestatic pruritus, abdominal discomfort, and

fatigue, significantly impair patients’ quality of life (3).

Osteoporosis is a prevalent skeletal disorder marked by the

deterioration of bone tissue microstructure and a decrease in bone

mineral density (BMD) (4). This condition leads to reduced bone

strength and increased fragility, consequently elevating the risk of

fractures. Established risk factors for osteoporosis include aging,

endocrine disorders, malnutrition, obesity, and the use of

medications that impact bone metabolism. Osteoporosis-related

fractures represent a substantial economic burden; for instance,

annual expenditures amount to approximately $17.9 billion in the

United States and £4 billion in the United Kingdom (5). Therefore,

identifying the causes and risk factors for osteoporosis is crucial for

early diagnosis and treatment, reducing fracture risk, and

enhancing the quality of life.

A review study reported that the prevalence of osteoporosis in

PBC ranged from 20% to 44%, with an increase in prevalence

correlating to disease progression and a high incidence of fractures

(10-20%) (6). A comprehensive analysis of 3,980 PBC patients

revealed a significantly higher fracture risk and post-fracture

mortality in these patients compared to matched controls from

the general population (7). However, the relationship between

PBC and osteoporosis is subject to debate. A retrospective study

indicated that the susceptibility to osteoporosis in PBC patients was

not higher than in the general population, with factors such as age

and gender being more influential (8). Some researchers have also

noted no significant difference in bone loss between PBC patients

and healthy controls, suggesting that the risk of osteoporosis in PBC

patients is more closely related to age and menopausal status than to

the severity of liver disease (9).

The pathogenesis of osteoporosis in PBC is multifactorial,

primarily involving reduced bone formation and increased bone

resorption in the later stages of the disease. Studies suggest that

elevated bile acids and bilirubin may contribute to osteoporosis by

inducing apoptosis in osteoblasts and stimulating osteoclast activity

(10). Osteoporosis can be considered an extrahepatic complication
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of PBC, with its etiology and pathogenesis still not fully understood.

A study involving European and Chinese Han populations

identified a genetic link between PBC and osteoporosis (11). The

CLDN14 gene, encoding the tight junction protein claudin-14, plays

a role in regulating epithelial cell tight junctions and bile secretion.

A variant, rs170183, in CLDN14 has been linked to kidney stones

and reduced BMD. Thus, the CLDN14 gene may serve as a potential

molecular connection between PBC and osteoporosis, though its

function and mechanism require further experimental validation

and clarification. To date, no Mendelian randomization studies

have explored the inherent causal relationship between these two

conditions, leaving open the possibility of confounding or reverse

causality. Further investigation into the causal relationships

underlying these associations is warranted.

Traditional observational studies are often limited by

confounding factors, reverse causality, and selection bias.

Mendelian randomization (MR), utilizing genetic variants as

instrumental variables (IVs) derived from genome-wide

association studies (GWAS) data, offers a method to estimate the

causal effect between exposure and outcome (12). Genetic variants,

randomly assorted during meiosis and fixed at conception, act as

long-term stable exposure factors unaffected by environmental,

social, or other factors. This method thus overcomes the

limitations inherent in conventional observational studies. In our

study, we employed a bidirectional two-sample MR analysis to

evaluate the causal relationship between PBC and osteoporosis.
2 Materials and methods

2.1 Data source

To investigate the causal relationship between PBC and

osteoporosis, we selected single nucleotide polymorphisms (SNPs)

as IVs from the GWAS database. This database is publicly

accessible, eliminating the need for additional ethical approval.

The PBC GWAS data were derived from a dataset published by

Cordell et al. in the Journal of Hepatology (https://www.ebi.ac.uk/

gwas/labs/publications/34033851) (13), representing one of the

largest PBC GWAS datasets available. This study identified

multiple genetic loci and genes associated with PBC. We included

all five European cohorts, encompassing 8,021 PBC cases, 16,489

controls, and 5,186,747 SNPs. For PBC definition, these cohorts

adhered to the criteria set by the European Association for the Study

of the Liver (EASL) (3). The osteoporosis GWAS data were

obtained from the FinnGen R9 database (https://www.finngen.fi/

en), including 7,300 cases and 358,014 controls from the European

population. The dataset employed ICD-10, ICD-9, and ICD-8 codes

for osteoporosis diagnosis (14).
2.2 Genetic instrument selection

The selected genetic IVs had to fulfill three core assumptions of

MR analysis to minimize result bias (15): 1. Relevance assumption:

direct association with the exposure. 2. Independence assumption:
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independence from confounders of the exposure-outcome

association. 3. Exclusion restriction assumption: influence on the

outcome solely through the exposure (Figure 1). To mitigate

potential interference from linkage disequilibrium between SNPs

and ensure accurate and reliable causal inference for PBC and

osteoporosis, we implemented various restrictive measures for SNP

selection. We chose SNPs that were genome-wide and significantly

associated with the exposure (P<5×10-8) and excluded those

exhibiting high linkage disequilibrium (r2<0.001, kb<10,000) (16).

To maintain the accuracy of the MR analysis, it was necessary to

filter out palindromic SNPs, which are SNPs with effect alleles and

other alleles as complements. Additionally, we evaluated the

strength of the association between each IV and the exposure,

excluding weak IVs. The F-statistic for each IV was calculated using

the formula: F=Beta2/SE2 (17), where Beta represents the estimated

effect of the allele on the exposure, and SE is the standard error. IVs

with an F-statistic less than 10 were excluded due to potential

genetic confounding or measurement error. Ultimately, we used

these rigorously selected SNPs as the final IVs for subsequent

Mendelian randomization analysis.
2.3 Statistical analysis

In our study, we employed five different methods for MR

analysis to explore the causal relationship between PBC and

osteoporosis: the inverse-variance weighted (IVW) method, MR-

Egger, weighted median, weighted mode, and simple mode. The

IVW method, which uses all valid SNPs, is advantageous for

increasing statistical power. In the absence of heterogeneity and

pleiotropy, IVW can provide the most accurate and efficient causal

estimate, making it our primary method (18). The MR-Egger

method introduces an intercept term to the IVW, enabling the

detection and adjustment for horizontal pleiotropy. However, it

may yield unstable or inaccurate estimates due to its susceptibility

to outliers or unevenly distributed IVs (19). The weighted median

offers better robustness and reduced finite-sample bias compared to

the IVW but tends to have larger standard errors and lower
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efficiency (20). We also employed the simple mode and weighted

mode methods to further validate the potential causality between

exposure and outcome. A P-value threshold of <0.05 was applied in

all MR analyses to ascertain the causal effects of exposure on

the outcome.
2.4 Pleiotropy, heterogeneity, and
sensitivity evaluation

Given that the IVW method cannot adequately address

horizontal pleiotropy and confounding among SNPs, and may be

influenced by outliers or influential SNPs, it was necessary to check

for heterogeneity and pleiotropy before using IVW, and to exclude

outliers or influential SNPs (18). We utilized Cochran’s Q test to

examine heterogeneity among estimates from different genetic

variants. A P-value of less than 0.05 indicated significant

heterogeneity (21). The MR-PRESSO and MR-Egger’s intercept

tests were used to provide valid MR estimates in the presence of

horizontal pleiotropy. MR-PRESSO identifies genetic variants

significantly impacting the causal estimate, eliminates the

interference from outliers, and offers corrected results after their

removal (22). MR-Egger’s intercept test serves to detect and

estimate horizontal pleiotropy, and also provides a sensitivity

analysis for the robustness of MR results (19). A leave-one-out

analysis was conducted to evaluate the influence or bias of each SNP

on the pooled estimate. All MR analyses and tests were performed

using the “TwoSampleMR” and “MRPRESSO” packages in R

software (version 4.3.1).
3 Result

3.1 MR analysis

We identified 47 SNPs significantly associated with the risk of

PBC. These SNPs exhibited no linkage disequilibrium (r2<0.001)

and were not considered weak instrumental variables, as their
FIGURE 1

An overview of this Mendelian randomization (MR) study design; IVs, instrumental variables; MR, Mendelian randomization.
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F-statistics all exceeded 10, fulfilling our previously established

selection criteria. Nine of these SNPs did not have corresponding

results in the osteoporosis-related GWAS database. Additionally,

six palindromic SNPs were excluded. Consequently, we utilized the

remaining 32 SNPs as IVs for MR analysis. To compute the

proportion of phenotypic variance explained by the IVs, the

following formula was used: R2 = [2 × Beta2 × (1 − EAF) × EAF]/

[2 × Beta2 × (1 − EAF) × EAF + 2 × SE2 × N × (1 − EAF) × EAF].

Here, EAF is the effect allele frequency, N is the GWAS sample size

of the exposure. The analysis revealed that these SNPs accounted for

14.55% of the PBC risk variance, indicating that the selected SNPs

possessed strong predictive power and were capable of effectively

minimizing confounding effects. Detailed information on these

SNPs is presented in the appendix (Supplementary Table S1).

Based on the IVW method (OR: 1.049, 95%CI: 1.017–1.082,

P=0.002), we found a statistically significant positive causal

relationship between the risk of PBC and osteoporosis. The

weighted median method also indicated a significant causal effect

(OR: 1.045, 95%CI: 1.002–1.089, P=0.038). However, the MR-Egger

method (OR: 1.071, 95%CI: 0.984–1.165, P=0.121) and the simple

mode (OR: 1.080, 95%CI: 0.974–1.199, P=0.155) showed a

directionally consistent but statistically non-significant positive

causal relationship. The weighted mode (OR: 0.985, 95%CI:

0.872–1.114, P=0.815) yielded a non-significant effect estimate,

diverging from the other methods’ results (Table 1). The weighted

mode and simple mode are two distinct causal effect estimation

methods in MR analysis. The weighted mode assigns weights based

on the variance of the genetic instruments, whereas the simple

mode does not consider variance. Typically, the simple mode’s

accuracy is low, while the weighted mode can be inaccurate in small

samples and is affected by the degree of association between genetic

instruments and the exposure and outcome variables. In cases

where the degree of association is inconsistent, the weighted

mode may introduce bias, whereas the simple mode is more

robust (23). In this study, the weighted mode’s results were the

only ones inconsistent with the other methods and lacked statistical

significance, potentially due to the influence of certain genetic

instruments. Our primary findings are derived from the IVW

method, which utilizes all valid genetic instruments, thereby

enhancing statistical power and offering the most accurate and

efficient results in the absence of heterogeneity and horizontal

pleiotropy. Consequently, the results from the weighted mode,

which diverged from the findings of other methods and lacked

statistical significance, are deemed unreliable and do not
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significantly impact the overall conclusion of the Mendelian

randomization analysis. Instead, more weight is given to the IVW

method, widely considered the most robust and reliable among the

available approaches. We conducted heterogeneity tests for all IVs,

using Q statistics to evaluate the differences among them. The Q

statistic was calculated to be 41.27 (P=0.103), indicating no

significant heterogeneity. Additionally, the MR-PRESSO global

test did not detect any outlier SNPs or horizontal pleiotropy

effects of PBC on osteoporosis (P=0.156), and MR-Egger’s

intercept test also found no evidence of horizontal pleiotropy

(Egger intercept = -0.0057, P=0.610). These results suggest that

the analysis is less likely to be influenced by potential confounding

biases. A sensitivity analysis was conducted using the leave-one-out

method, which involved sequentially removing SNPs, recalculating

the causal effect with the remaining SNPs, and observing whether

the results varied with each SNP removal. This analysis

demonstrated stable results, further affirming the reliability of our

findings (Table 2; Figures 2–5).
3.2 Further analyses

To delve deeper into the causal relationship between

osteoporosis and PBC, we carried out a two-sample MR analysis

with osteoporosis as the exposure and PBC as the outcome. We

employed the same GWAS databases, IV selection methods,

analysis techniques, and test procedures as previously described.

When exposure-related SNPs were absent in the result dataset, we

utilized alternative SNPs that demonstrated a high correlation with

the relevant SNPs (r2>0.8). We loosened the relevance assumption

and initially identified 14 SNPs significantly associated with disease

risk from GWAS (P<5×10-7, r2<0.001). However, 8 of these SNPs

were excluded because they lacked corresponding results in the PBC

GWAS database, and no proxy SNPs were available. The F-statistics

for the remaining SNPs were all above 10, indicating the absence of

weak IV bias. Consequently, we used these 6 SNPs as IVs for our

MR analysis (Supplementary Table S2).The results indicated no

causal relationship between osteoporosis and the risk of PBC, as

evidenced by the IVW analysis (OR: 0.941, 95%CI: 0.783–1.129,

P=0.511), and similar conclusions were drawn from the other four

methods (Table 3). Furthermore, we conducted heterogeneity tests

on all IVs using the Q statistic to assess differences among them.

The Q statistic was 1.434 (P=0.921), indicating no significant

heterogeneity. MR-PRESSO global test did not detect any outlier
TABLE 1 Mendelian randomization estimates for PBC on osteoporosis.

Exposure Outcome No. of IVs Methods Beta SE OR (95%CI) P

PBC Osteoporosis 32 MR Egger 0.068 0.043 1.071 (0.984~1.165) 0.121

Weighted median 0.044 0.021 1.045 (1.002~1.089) 0.038

IVW 0.047 0.016 1.049 (1.017~1.082) 0.002

Simple mode 0.077 0.053 1.080 (0.974~1.199) 0.155

Weighted mode -0.015 0.063 0.985 (0.872~1.114) 0.815
frontier
PBC, primary biliary cholangitis; IVs, instrumental variables; IVW, inverse variance weighting; SE, standard error; OR, odds ratio; CI, confidence interval.
P < 0.05 was considered statistically significant.
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SNPs or horizontal pleiotropic effects of PBC on osteoporosis

(P=0.922), and MR-Egger’s intercept test also found no evidence

of horizontal pleiotropy (Egger intercept = 0.1067, P=0.342). These

findings suggest that our analysis is credible (Table 2; Figures 6–9).
4 Discussion

Primary biliary cholangitis (PBC) is a chronic cholestatic liver

disease frequently associated with the development of osteoporosis.

In our study, we employed bidirectional two-sample Mendelian

randomization (MR) analysis to investigate the potential causal

relationship between PBC and osteoporosis. This approach

complements previous observational studies that have explored

the linkage between these conditions. For instance, a study by

Menon et al., published in the Journal of Hepatology in 2001,

found a significant positive correlation between bone loss rate and

bilirubin level in PBC patients. This finding suggests that the

severity of liver disease is a crucial factor influencing the onset
Frontiers in Immunology 05
and progression of osteoporosis in these patients (24). Another

study involving 176 PBC patients assessed the incidence, risk

factors, and progression rate of osteoporosis, concluding that PBC

is significantly associated with osteoporosis, with the severity of

liver disease being an influential factor affecting the occurrence and

progression of osteoporosis (25). These observational studies are

consistent with the findings of our study.

Saeki et al. conducted research evaluating skeletal muscle

disease in 117 PBC patients (26). Their findings revealed higher

rates of osteoporosis, muscle atrophy, and vertebral fractures in

this group, indicating a close interrelationship among these

complications. Additionally, an article focusing on PBC and

osteoporosis highlighted the strong connection between the two

and analyzed various factors that may impact bone metabolism in

PBC patients, such as vitamin deficiencies, IGF-1, BMP, bile acids,

and bilirubin. This study concluded that individuals with PBC are

more susceptible to osteoporosis and fractures than the general

population, and the risk escalates as the disease progresses (6). In

recent years, the exploration of the intestinal microbiota has gained
FIGURE 2

Scatter plot of the effect of primary biliary cholangitis on osteoporosis.
TABLE 2 Heterogeneity and horizontal pleiotropy for Mendelian randomization analysis.

Exposure Outcome Heterogeneity Horizontal pleiotropy

Cochran’s Q P Egger intercept SE P

PBC Osteoporosis 41.27 0.103 -0.0057 0.0110 0.610

Osteoporosis PBC 1.434 0.921 0.1067 0.0994 0.342
frontier
PBC, primary biliary cholangitis.
P < 0.05 was considered statistically significant.
sin.org

https://doi.org/10.3389/fimmu.2023.1269069
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Zhao et al. 10.3389/fimmu.2023.1269069
FIGURE 3

Forest plot of the effect of primary biliary cholangitis on osteoporosis.
FIGURE 4

Leave-one-out plot of the effect of primary biliary cholangitis on osteoporosis.
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prominence in research. PBC and osteoporosis share common

intestinal microbial groups, including Candidatus_Soleaferrea,

Eubacterium_coprostanoligenes_group, Allisonella, and

Peptococcus. These microbes are significantly associated with

both PBC and osteoporosis and may influence liver function,

calcium absorption, intestinal barrier integrity, immune response,

and bone density through various metabolic products or

mechanisms (27). These studies collectively indicate that PBC is a

systemic metabolic disease affecting not only the liver but also bone

health. This is in alignment with the findings of our MR analysis.

The causal relationship between PBC and osteoporosis is

underpinned by several hypotheses, reflecting the complexity of

this association. Initially, the issue of osteoporosis in PBC patients

was acknowledged and attributed to hepatic osteodystrophy, but

further exploration was limited by the technological and hardware

constraints of the time (28). One key factor in normal bone
Frontiers in Immunology 07
metabolism involves the interaction of a three-molecule complex

comprising osteoprotegerin (OPG), nuclear factor-kB receptor

activator ligand (RANKL), and RANK. It has been observed in

some studies that the progression of PBC can reduce OPG secretion

by the liver, leading to uncontrolled osteoclast activity and increased

bone resorption. This is considered one of the potential

mechanisms. However, there is also evidence suggesting that

PBC-related osteoporosis primarily results from impaired bone

formation, though excessive bone resorption might also play a

role (29). Thus, the precise mechanism of osteoporosis linked to

PBC remains not fully understood and likely varies depending on

the severity of liver disease. Patients with PBC exhibit elevated levels

of inflammatory cytokines, including IL-1, IL-6, TNF-a, which can

directly or indirectly promote osteoclast formation and activation

via the RANKL-RANK signaling pathway, leading to increased

bone resorption and osteoporosis (30). Additionally, cholestasis in
FIGURE 5

Funnel plot of the effect of primary biliary cholangitis on osteoporosis.
TABLE 3 Mendelian randomization estimates for osteoporosis on PBC.

Exposure Outcome No. of IVs Methods Beta SE OR (95%CI) P

Osteoporosis PBC 6 MR Egger -1.168 1.035 0.311 (0.041~2.363) 0.322

Weighted median -0.070 0.112 0.932 (0.748~1.161) 0.530

IVW -0.061 0.093 0.941 (0.783~1.129) 0.511

Simple mode -0.065 0.162 0.937 (0.682~1.287) 0.703

Weighted mode -1.168 1.035 0.311 (0.041~2.363) 0.322
frontier
PBC, primary biliary cholangitis; IVs, instrumental variables; IVW, inverse variance weighting; SE, standard error; OR, odds ratio; CI, confidence interval.
P < 0.05 was considered statistically significant.
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FIGURE 6

Scatter plot of the effect of osteoporosis on primary biliary cholangitis.
FIGURE 7

Forest plot of the effect of osteoporosis on primary biliary cholangitis.
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FIGURE 8

Leave-one-out plot of the effect of osteoporosis on primary biliary cholangitis.
FIGURE 9

Funnel plot of the effect of osteoporosis on primary biliary cholangitis.
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PBC patients raises levels of lithocholic acid and bilirubin, which

can adversely affect osteoblasts and osteoblast-like cells, such as

SAOS-2, through bile acid transport proteins like bile acid transport

protein (BSEP) and multidrug resistance-associated protein (MRP).

This impact results in reduced differentiation and mineralization,

as well as increased apoptosis of these cells, contributing to

osteoporosis (31). PBC also increases the risk of malabsorption

and deficiencies of fat-soluble vitamins like A, D, E, and K,

impacting bone metabolism and coagulation. Vitamin D is crucial

for regulating bile acid metabolism and transport, inhibiting

inflammation due to bile stasis, protecting bile duct cells, and

suppressing liver fibrosis. Vitamin D deficiency, commonly

observed in PBC patients, is associated with bone complications

of the disease (32). Vitamin K acts as a coenzyme to activate bone

formation proteins like osteocalcin (OC) and matrix Gla protein

(MGP), maintaining bone stability and strength. A deficiency in

Vitamin K can impair the function of OC and MGP, increasing the

risk of osteoporosis and fractures (33). Moreover, estrogen, which

inhibits osteoclasts, plays a role. PBC is more prevalent in middle-

aged and older women, and post-menopausal decreases in estrogen

levels can lead to excessive bone resorption and a heightened risk of

osteoporosis (34).

Patients with PBC require comprehensive assessment and

treatment strategies to improve their bone and muscle function

and overall quality of life. The higher incidence and mortality of

fractures observed in PBC patients underscore the need for early

bone density testing to mitigate the risk of osteoporosis and

fractures (10). Parés A, Guañabens N, et al. have also emphasized

the importance of regular bone density monitoring and the

supplementation of calcium and vitamin D in PBC patients (35).

As PBC progresses, the associated bone loss intensifies,

necessitating drug treatments that address both PBC and

osteoporosis. Calcium and vitamin D supplements can be

beneficial for bone health in PBC patients. However, the

treatment of osteoporosis in this group is not well-explored, and

the effectiveness of current medications remains uncertain. A

systematic review and meta-analysis indicated that hormone

replacement therapy and other drugs like calcitriol do not

significantly reduce fracture risk or increase bone density in PBC

patients (36), as the pathogenesis of PBC-related osteoporosis

differs from that of postmenopausal osteoporosis, primarily

stemming from reduced bone formation.

This study has limitations that should be addressed in future

research. Firstly, it utilized GWAS data from European populations,

limiting the generalizability of the results to other ethnicities or

populations. Secondly, gender may significantly influence PBC and

osteoporosis, as both conditions are more prevalent in middle-aged

and elderly women. Due to the data sets’ limited sample size, this

study did not stratify by gender and age, potentially introducing

confounders such as gender and age. Future studies could address

these issues with larger, more diverse sample sizes and stratification

by gender and age. Despite these limitations, our study has notable

strengths. Firstly, it is the first to apply MR analysis to investigate

the bidirectional causality between PBC and osteoporosis. Secondly,
Frontiers in Immunology 10
the MR method design allows us to overcome the interference of

confounding factors on results and reverse causality, which are

common issues in observational studies. Our sensitivity analysis

further ensures the consistency and robustness of the causal

estimates and results.

The future direction for treating osteoporosis induced by PBC

remains an area of active exploration, highlighting the need for

drugs that can both manage PBC and protect bone health.

Denosumab, a medication that blocks the binding of RANKL to

RANK and inhibits osteoclasts, thereby reducing bone resorption

and increasing bone strength, shows potential (37). Intriguingly,

some researchers have noted high expression of RANK in the bile

duct cells of PBC patients, implicating the RANKL-RANK axis in

the disease’s pathogenesis. This suggests that Denosumab might

not only improve bone health but also prevent the progression of

PBC and protect liver function (38). Another promising drug is

abaloparatide, a synthetic peptide analog of parathyroid hormone-

related protein. It is used for postmenopausal osteoporosis and has

demonstrated superior efficacy and safety compared to teriparatide

(39). Denosumab and abaloparatide may therefore be effective

options for treating osteoporosis associated with PBC, but their

impacts in this specific context are yet to be fully assessed and

require further clinical trials for validation. Additionally, the

development of new bone-forming medications tailored to

PBC-related osteoporosis should be a focus of future research.
5 Conclusion

Our study concludes that PBC is a positive causal factor for the

risk of osteoporosis. This association may be attributed to chronic

inflammation, bile acid metabolism disorders, and vitamin D

deficiency commonly seen in PBC patients. However, we did not

establish a clear causal link between osteoporosis and the risk of

developing PBC, indicating that osteoporosis does not appear to be

a risk factor or early marker for PBC. These findings offer new

perspectives and guidelines for managing the bone health of

patients with PBC. We recommend regular bone density testing,

calcium and vitamin D supplementation, and appropriate physical

activity for these patients.
Data availability statement

The datasets presented in this study can be found in online

repositories. The names of the repository/repositories and accession

number(s) can be found in the article/Supplementary Material.
Author contributions

DZ: Data curation, Methodology, Software, Writing – original

draft. GL: Validation, Writing – review & editing. WB:
frontiersin.org

https://doi.org/10.3389/fimmu.2023.1269069
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Zhao et al. 10.3389/fimmu.2023.1269069
Conceptualization, Data curation, Investigation, Methodology,

Software, Supervision, Validation, Writing – original draft,

Writing – review & editing. JT: Conceptualization, Data curation,

Investigation, Project administration, Supervision, Validation,

Writing – review & editing. BY: Methodology, Software,

Supervision, Writing – original draft, Writing – review & editing.

CH: Conceptualization, Data curation, Formal Analysis,

Investigation, Methodology, Project administration, Software,

Supervision, Validation, Writing – review & editing.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Acknowledgments

All data used in this study were obtained from openly available

databases and consortiums. We express our sincere appreciation

to them.
Frontiers in Immunology 11
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online at:

https://www.frontiersin.org/articles/10.3389/fimmu.2023.1269069/

full#supplementary-material
References
1. You H, Ma X, Efe C, Wang G, Jeong S-H, Abe K, et al. APASL clinical practice
guidance: the diagnosis and management of patients with primary biliary cholangitis.
Hepatol Int (2022) 16:1–23. doi: 10.1007/s12072-021-10276-6

2. Trivella J, John BV, Levy C. Primary biliary cholangitis: Epidemiology, prognosis,
and treatment.Hepatol Commun (2023) 7:e0179. doi: 10.1097/HC9.0000000000000179

3. Hirschfield GM, Beuers U, Corpechot C, Invernizzi P, Jones D, Marzioni M, et al.
EASL Clinical Practice Guidelines: The diagnosis and management of patients with
primary biliary cholangitis. J Hepatol (2017) 67:145–72. doi: 10.1016/j.jhep.2017.03.022

4. Compston JE, McClung MR, Leslie WD. Osteoporosis. Lancet (2019) 393:364–76.
doi: 10.1016/S0140-6736(18)32112-3

5. Clynes MA, Harvey NC, Curtis EM, Fuggle NR, Dennison EM, Cooper C. The
epidemiology of osteoporosis. Br Med Bull (2020) 133(1):105–17 ldaa005. doi: 10.1093/
bmb/ldaa005

6. Raszeja-Wyszomirska J, Miazgowski T. Osteoporosis in primary biliary cirrhosis
of the liver. pg (2014) 2:82–7. doi: 10.5114/pg.2014.42502

7. Schönau J, Wester A, Schattenberg JM, Hagström H. Risk of fractures and
postfracture mortality in 3980 people with primary biliary cholangitis: A population-
based cohort study. J Intern Med (2023) 294:164–77. doi: 10.1111/joim.13624

8. Newton J, Francis R, Prince M, James O, Bassendine M, Rawlings D, et al.
Osteoporosis in primary biliary cirrhosis revisited. Gut (2001) 49:282–7. doi: 10.1136/
gut.49.2.282

9. Benetti A, Crosignani A, Varenna M, Giussani CS, Allocca M, Zuin M, et al.
Primary biliary cirrhosis is not an additional risk factor for bone loss in women
receiving regular calcium and vitamin D supplementation: A controlled
longitudinal study. J Clin Gastroenterol (2008) 42:306–11. doi: 10.1097/
01.mcg.0000248017.31386.39

10. Parés A, Guañabens N. Bone fractures in primary biliary cholangitis. J Intern
Med (2023) 294:159–60. doi: 10.1111/joim.13644

11. Tang R, Wei Y, Li Z, Chen H, Miao Q, Bian Z, et al. A common variant in
CLDN14 is associated with primary biliary cirrhosis and bone mineral density. Sci Rep
(2016) 6:19877. doi: 10.1038/srep19877

12. Emdin CA, Khera AV, Kathiresan S. Mendelian Randomization. . JAMA (2017)
318:1925–6. doi: 10.1001/jama.2017.17219

13. Cordell HJ, Fryett JJ, Ueno K, Darlay R, Aiba Y, Hitomi Y, et al. An international
genome-wide meta-analysis of primary biliary cholangitis: Novel risk loci and
candidate drugs. J Hepatol (2021) 75:572–81. doi: 10.1016/j.jhep.2021.04.055

14. Kurki MI, Karjalainen J, Palta P, Sipilä TP, Kristiansson K, Donner KM, et al.
FinnGen provides genetic insights from a well-phenotyped isolated population. Nature
(2023) 613:508–18. doi: 10.1038/s41586-022-05473-8
15. Davies NM, Holmes MV, Davey Smith G. Reading Mendelian randomisation
studies: a guide, glossary, and checklist for clinicians. BMJ (2018) 362:k601.
doi: 10.1136/bmj.k601

16. Pritchard JK, Przeworski M. Linkage disequilibrium in humans: models and
data. Am J Hum Genet (2001) 69:1–14. doi: 10.1086/321275

17. Xu H, Wu Z, Feng F, Li Y, Zhang S. Low vitamin D concentrations and BMI are
causal factors for primary biliary cholangitis: A mendelian randomization study. Front
Immunol (2022) 13:1055953. doi: 10.3389/fimmu.2022.1055953

18. Burgess S, Thompson SG. Interpreting findings from Mendelian randomization
using the MR-Egger method. Eur J Epidemiol (2017) 32:377–89. doi: 10.1007/s10654-
017-0255-x

19. Bowden J, Davey Smith G, Burgess S. Mendelian randomization with invalid
instruments: effect estimation and bias detection through Egger regression. Int J
Epidemiol (2015) 44:512–25. doi: 10.1093/ije/dyv080

20. Bowden J, Davey Smith G, Haycock PC, Burgess S. Consistent estimation in
mendelian randomization with some invalid instruments using a weighted median
estimator. Genet Epidemiol (2016) 40:304–14. doi: 10.1002/gepi.21965

21. Bowden J, Del Greco MF, Minelli C, Davey Smith G, Sheehan N, Thompson J. A
framework for the investigation of pleiotropy in two-sample summary data Mendelian
randomization. Stat Med (2017) 36:1783–802. doi: 10.1002/sim.7221

22. Verbanck M, Chen C-Y, Neale B, Do R. Detection of widespread horizontal
pleiotropy in causal relationships inferred from Mendelian randomization between
complex traits and diseases. Nat Genet (2018) 50:693–8. doi: 10.1038/s41588-018-0099-7

23. Hartwig FP, Davey Smith G, Bowden J. Robust inference in summary data
Mendelian randomization via the zero modal pleiotropy assumption. Int J Epidemiol
(2017) 46:1985–98. doi: 10.1093/ije/dyx102

24. Menon KVN, Angulo P, Weston S, Dickson ER, Lindor KD. Bone disease in
primary biliary cirrhosis: independent indicators and rate of progression. J Hepatol
(2001) 35:316–23. doi: 10.1016/S0168-8278(01)00144-1

25. Liao C-Y, Chung C-H, Chu P, Wei K, Feng T-M, Lin F-H, et al. Increased risk of
osteoporosis in patients with primary biliary cirrhosis. PloS One (2018) 13:e0194418.
doi: 10.1371/journal.pone.0194418

26. Saeki C, Oikawa T, Kanai T, Nakano M, Torisu Y, Sasaki N, et al. Relationship
between osteoporosis, sarcopenia, vertebral fracture, and osteosarcopenia in patients
with primary biliary cholangitis. Eur J Gastroenterol Hepatol (2021) 33:731–7.
doi: 10.1097/MEG.0000000000001791

27. Cao R-R, He P, Lei S-F. Novel microbiota-related gene set enrichment analysis
identified osteoporosis associated gut microbiota from autoimmune diseases. J Bone
Miner Metab (2021) 39:984–96. doi: 10.1007/s00774-021-01247-w
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fimmu.2023.1269069/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1269069/full#supplementary-material
https://doi.org/10.1007/s12072-021-10276-6
https://doi.org/10.1097/HC9.0000000000000179
https://doi.org/10.1016/j.jhep.2017.03.022
https://doi.org/10.1016/S0140-6736(18)32112-3
https://doi.org/10.1093/bmb/ldaa005
https://doi.org/10.1093/bmb/ldaa005
https://doi.org/10.5114/pg.2014.42502
https://doi.org/10.1111/joim.13624
https://doi.org/10.1136/gut.49.2.282
https://doi.org/10.1136/gut.49.2.282
https://doi.org/10.1097/01.mcg.0000248017.31386.39
https://doi.org/10.1097/01.mcg.0000248017.31386.39
https://doi.org/10.1111/joim.13644
https://doi.org/10.1038/srep19877
https://doi.org/10.1001/jama.2017.17219
https://doi.org/10.1016/j.jhep.2021.04.055
https://doi.org/10.1038/s41586-022-05473-8
https://doi.org/10.1136/bmj.k601
https://doi.org/10.1086/321275
https://doi.org/10.3389/fimmu.2022.1055953
https://doi.org/10.1007/s10654-017-0255-x
https://doi.org/10.1007/s10654-017-0255-x
https://doi.org/10.1093/ije/dyv080
https://doi.org/10.1002/gepi.21965
https://doi.org/10.1002/sim.7221
https://doi.org/10.1038/s41588-018-0099-7
https://doi.org/10.1093/ije/dyx102
https://doi.org/10.1016/S0168-8278(01)00144-1
https://doi.org/10.1371/journal.pone.0194418
https://doi.org/10.1097/MEG.0000000000001791
https://doi.org/10.1007/s00774-021-01247-w
https://doi.org/10.3389/fimmu.2023.1269069
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Zhao et al. 10.3389/fimmu.2023.1269069
28. Gatta A, Verardo A, Di Pascoli M, Giannini S, Bolognesi M. Hepatic
osteodystrophy. Clin cases Miner Bone Metab (2014) 11:185–91. doi: 10.11138/
ccmbm/2014.11.3.185

29. Glass LM, Su GL-C. Metabolic bone disease in primary biliary cirrhosis.
Gastroenterol Clinics North America (2016) 45:333–43. doi: 10.1016/j.gtc.2016.02.009

30. Moschen AR, Kaser A, Stadlmann S, Millonig G, Kaser S, Mühllechner P, et al.
The RANKL/OPG system and bone mineral density in patients with chronic liver
disease. J Hepatol (2005) 43:973–83. doi: 10.1016/j.jhep.2005.05.034

31. Ruiz-Gaspà S, Guañabens N, Jurado S, Combalia A, Peris P, Monegal A, et al.
Bilirubin and bile acids in osteocytes and bone tissue. Potential role in the cholestatic-
induced osteoporosis. Liver Int (2020) 40:2767–75. doi: 10.1111/liv.14630

32. Guo G-Y, Shi Y-Q, Wang L, Ren X, Han Z-Y, Guo C-C, et al. Serum vitamin D
level is associated with disease severity and response to ursodeoxycholic acid in primary
biliary cirrhosis. Aliment Pharmacol Ther (2015) 42:221–30. doi: 10.1111/apt.13244

33. Evenepoel P, Claes K, Meijers B, Laurent M, Bammens B, Naesens M, et al. Poor
vitamin K status is associated with low bone mineral density and increased fracture risk
in end-stage renal disease. J Bone Mineral Res (2019) 34:262–9. doi: 10.1002/jbmr.3608
Frontiers in Immunology 12
34. Armas LAG, Recker RR. Pathophysiology of osteoporosis. Endocrinol Metab
Clinics North America (2012) 41:475–86. doi: 10.1016/j.ecl.2012.04.006

35. Parés A, Guañabens N. Osteoporosis in primary biliary cirrhosis: pathogenesis
and treatment. Clinics Liver Dis (2008) 12:407–24. doi: 10.1016/j.cld.2008.02.005

36. Danford CJ, Ezaz G, Trivedi HD, Tapper EB, Bonder A. The pharmacologic
management of osteoporosis in primary biliary cholangitis: A systematic review and
meta-analysis. J Clin Densitometry (2020) 23:223–36. doi: 10.1016/j.jocd.2019.05.003

37. Arase Y, Tsuruya K, Hirose S, Ogiwara N, Yokota M, Anzai K, et al. Efficacy and
safety of 3-year denosumab therapy for osteoporosis in patients with autoimmune liver
diseases. Hepatology (2020) 71:757–9. doi: 10.1002/hep.30904

38. Lleo A, Ma X, Gershwin ME, Invernizzi P. Letter to the editor: might denosumab
fit in primary biliary cholangitis treatment? Hepatology (2020) 72:359–60. doi: 10.1002/
hep.31085

39. Hong P, Liu R, Rai S, Liu J, Zhou Y, Zheng Y, et al. Is abaloparatide more
efficacious on increasing bone mineral density than teriparatide for women with
postmenopausal osteoporosis? An updated meta-analysis. J Orthop Surg Res (2023)
18:116. doi: 10.1186/s13018-023-03595-x
frontiersin.org

https://doi.org/10.11138/ccmbm/2014.11.3.185
https://doi.org/10.11138/ccmbm/2014.11.3.185
https://doi.org/10.1016/j.gtc.2016.02.009
https://doi.org/10.1016/j.jhep.2005.05.034
https://doi.org/10.1111/liv.14630
https://doi.org/10.1111/apt.13244
https://doi.org/10.1002/jbmr.3608
https://doi.org/10.1016/j.ecl.2012.04.006
https://doi.org/10.1016/j.cld.2008.02.005
https://doi.org/10.1016/j.jocd.2019.05.003
https://doi.org/10.1002/hep.30904
https://doi.org/10.1002/hep.31085
https://doi.org/10.1002/hep.31085
https://doi.org/10.1186/s13018-023-03595-x
https://doi.org/10.3389/fimmu.2023.1269069
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Primary biliary cirrhosis and osteoporosis: a bidirectional two-sample Mendelian randomization study
	1 Introduction
	2 Materials and methods
	2.1 Data source
	2.2 Genetic instrument selection
	2.3 Statistical analysis
	2.4 Pleiotropy, heterogeneity, and sensitivity evaluation

	3 Result
	3.1 MR analysis
	3.2 Further analyses

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


