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Abstract: This study investigates the potential causal relationship between the FIBP (Fibroblast Growth Factor 

1 Intracellular Binding Protein) gene and osteoarthritis (OA). The Mendelian Randomization (MR) approach 

was utilized, employing genetic variations as instrumental variables, to assess the association between FIBP 

and the risk of OA. The study found that increased expression of the FIBP gene is associated with a reduced risk 

of developing OA, suggesting that FIBP may serve as a protective factor against OA. Analysis using MR-Egger, 

weighted median, and IVW methods revealed that an increase in FIBP expression is correlated with a decreased 

risk of osteoarthritis. Additionally, sensitivity analyses were conducted to ensure the robustness of the results. 

This study provides new insights into the molecular mechanisms of OA and may offer novel molecular targets 

for the prevention and treatment of OA. 
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I. Introduction 

Over the past few decades, osteoarthritis (OA) has emerged as a critical issue in global public health, 

particularly within the elderly population. OA is a multifactorial disease with primary clinical manifestations of 

joint pain and limited mobility, and in severe cases, it can lead to significant functional disabilities[1]. The 

pathogenesis of this condition is highly complex, encompassing not only synovitis and cartilage damage but 

also excessive bone formation and the remodeling of subchondral bone, typically affecting multiple joint sites 

such as the hands, hips, and knees. As the trend of global population aging intensifies, the prevalence of OA 

continues to rise, imposing a substantial burden on society and the economy[2]. 

Recent research has unveiled potential links between OA and metabolic syndrome (MetS), especially 

in the context of abnormal lipid metabolism[3]. This association may be mediated through the modulation of 

inflammatory responses, cellular metabolism, and the functionality of chondrocytes. Furthermore, cholesterol 

metabolism is directly related to the progression of OA, with studies indicating a positive correlation between 

elevated cholesterol levels and the occurrence and severity of OA[4]. 

Against this research backdrop, the role of the FIBP (Fibroblast Growth Factor 1 Intracellular Binding 

Protein) gene has piqued considerable scientific interest. The FIBP gene, located in the 11q13.1 region, encodes 

a protein that interacts directly with the fibroblast growth factor (FGF) signaling pathway[5]. The latest research 

suggests that the knockout of FIBP leads to decreased expression of cholesterol biosynthetic enzymes, reduced 

expression of low-density lipoprotein receptors, and increased expression of the cholesterol efflux pump 

ABCA1[6]. These changes may significantly impact the development of OA. 
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To delve deeper into the causal relationship between FIBP and OA, this study employs Mendelian 

Randomization (MR) methodology. MR studies utilize genetic variations as instrumental variables for exposure 

to assess the causal link between FIBP and the risk of OA. A significant advantage of this approach is its ability 

to effectively control for the influence of confounding factors, thereby providing more reliable causal 

inferences[7]. Through this method, we aim to identify new molecular targets and strategies for the prevention 

and treatment of OA, thereby contributing to the alleviation of the social and economic burden of this global 

health challenge. 

 

II. Data and Methods 

 

2.1Data Sources 

The foundation of data for this study was sourced from two independent genome-wide association 

study (GWAS) databases provided by Decode Genetics, namely the FIBP gene database and the osteoarthritis 

database. These databases are treasure troves of genetic variation data, offering us invaluable resources for 

exploring the potential link between the FIBP gene and osteoarthritis. The GWAS data for FIBP and the 

osteoarthritis database can be accessed through the official website of Decode Genetics at the following link: 

https://www.decode.com/summarydata/[1].  

In this study, we utilized datasets that included individuals of European descent, both males and 

females, to ensure the broad applicability and representativeness of our findings. The FIBP gene database 

(designated as eqtl-a-ENSG00000172500) encompassed 16,118 single nucleotide polymorphisms (SNPs) with a 

sample size of 31,684 individuals. The osteoarthritis database (designated as finn-b-M13_ARTHROSIS) 

contained an even larger dataset, comprising 16,380,382 SNPs. These datasets provide a comprehensive 

research platform for an in-depth analysis of the relationship between the FIBP gene and osteoarthritis (for 

detailed data, see Table 1)[2]. 

As this study is a re-evaluation of existing and publicly available data, we relied on previous research 

and publicly accessible database resources. Therefore, no additional ethical approval or participant consent was 

required for this study. Consequently, no ethical authorization was necessary. This research design allows us to 

analyze existing genetic data without direct involvement of human participants, thereby providing new insights 

into the prevention and treatment of osteoarthritis. Further details regarding the study design, including data 

collection, processing, and analysis methods, can be found in Figure 1 (see Figure 1)[3]. 

Please note that while attempting to access the Decode Genetics summary data link provided, there 

may have been issues related to network connectivity or the link itself. If you encounter difficulties accessing 

the link, I recommend verifying the legitimacy of the web address and attempting to retry after a short interval. 

If the link is crucial for your research and the issue persists, consider reaching out to Decode Genetics for 

further assistance. If you do not require the parsing of this link to answer your question, please proceed with 

your inquiry, and I will be glad to assist you. 

 
 

 

 

https://www.decode.com/summarydata/%5b1%5d.
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2.2Methods: 

Prior to conducting this study, all analyses included had obtained approval from the respective 

academic ethics review committees, and each participant had provided written informed consent. These studies 

encompassed individuals who participated in the original genome-wide association studies (GWAS), with 

ethical approvals and consents secured from the appropriate review boards[9]. However, since this research 

involves a re-analysis of these publicly available GWAS data, no additional ethical approval was required, 

aligning with the prevailing standards of international research ethics. 

In terms of data processing, we adhered to stringent statistical criteria. Typically, a P-value less than 

5.0 × 10^−8 is considered the threshold for statistical significance, indicating that a specific single nucleotide 

polymorphism (SNP) is associated with the trait under study. To exclude the interference of linkage 

disequilibrium (LD), we utilized the TwoSample MR package in R software, provided by the R Development 

Core Team, which fosters collaboration among researchers worldwide. During the analysis, parameters were set 

with a P-value less than 5.0 × 10^−6, r^2 = 0.001, and kb = 10000. Furthermore, samples with an F-statistic 

greater than 10 were excluded to ensure the precision and reliability of the analytical outcomes. Through these 

methods, we meticulously eliminated potential confounding factors to accurately identify SNPs associated with 

the FIBP gene. 

By employing these rigorous data preprocessing steps, we ensured the scientific validity and 

effectiveness of our research findings, providing a solid foundation for further exploration of the causal 

relationship between the FIBP gene and osteoarthritis. The application of these methods aids in a more precise 

understanding of the role of the FIBP gene in the onset of osteoarthritis and offers significant reference for 

future research and clinical applications[8]. 

 

2.3 MR Analysis 

In conducting Mendelian Randomization (MR) analysis, we initially assumed no horizontal pleiotropy, 

meaning the genetic instrument's influence on the outcome is mediated solely through the exposure factor. 

Under this assumption, we employed the Inverse Variance Weighted (IVW) test to calculate the causal effect 

values, ensuring unbiased estimates [9]. To further validate the robustness of our results, we combined fixed or 

random effects models with the IVW method, contingent upon the presence of heterogeneity in the study. The 

effect size was represented by the odds ratio (OR) and its corresponding 95% confidence interval (CI), 

providing a comprehensive understanding of the magnitude and precision of the effect. 

To enhance the robustness of our analysis, we also utilized the weighted median method [10] and the 

MR-Egger test [11] as supplementary approaches. The weighted median method is particularly useful for 

dealing with scenarios where some genetic instruments may be invalid, while the MR-Egger test helps detect 

and correct for potential horizontal pleiotropy, where genetic instruments might influence the outcome through 

pathways other than the exposure factor. 

In terms of sensitivity analysis, we employed various analytical methods to assess the robustness of our 

results. The Cochran Q test was used to evaluate heterogeneity among the individual SNPs; if the p-value of 

Cochran's Q test is statistically significant, it indicates heterogeneity [12]. In this study, all heterogeneity tests 

had p-values greater than 0.05, suggesting no significant heterogeneity in the data. Additionally, we used the 

leave-one-out analysis to assess the sensitivity of our findings. If the exclusion of a particular SNP results in a 

p-value greater than 0.05, it indicates a significant impact of that SNP on the results [13-17]. Through leave-one 

analysis, we examined the influence of excluding individual SNPs on the overall causal estimates, ensuring the 

reliability of the overall effect.  

Through these comprehensive analytical methods, we were able to thoroughly assess the causal 

relationship between FIBP and osteoarthritis, ensuring the robustness and credibility of our results. These 

analyses not only strengthened our understanding of FIBP's role in osteoarthritis but also provided a solid 

foundation for future research directions and clinical applications. 

Results In this Mendelian randomization study, we identified and retained three single nucleotide 

polymorphisms (SNPs) significantly associated with the FIBP gene, which were used for further causal effect 

analysis (detailed data see Table 2). Applying the MR-Egger, weighted median, and inverse variance weighted 

(IVW) methods, we observed that the beta values of these SNPs were all less than 0, suggesting that FIBP may 

be a protective factor for osteoarthritis. Specifically, the odds ratios (OR) obtained were all less than 1, with 

0.850 (95% confidence interval CI: 0.590-1.224) for the MR-Egger method, 0.887 (95% CI: 0.798-0.986) for 

the weighted median method, and 0.891 (95% CI: 0.807-0.983) for the IVW method (see Table 3), further 

confirming the protective role of FIBP. 

In the scatter plot, we observed a decreasing trend in the risk of osteoarthritis with increasing 

expression levels of FIBP, clearly indicated by the downward sloping lines from left to right. Additionally, the 

forest plot with a combined effect size less than 0 for the SNPs supported the protective effect of FIBP, 

suggesting that an increase in FIBP expression levels is associated with a reduced risk of osteoarthritis. These 
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results indicate that FIBP may play an active role in reducing the risk of developing osteoarthritis (see Figures 2 

and 3). 

To further assess the robustness of our results, we conducted heterogeneity tests. Analyses using the 

MR Egger method (P = 0.54) and IVW method (P = 0.02) revealed no significant heterogeneity, indicating that 

our results are consistent and reliable (see Figure 4). Moreover, we performed leave-one-out analysis to assess 

the impact of each SNP on the overall causal estimates, and the results showed no significant influence after 

excluding any single SNP, further confirming the robustness of our findings (see Figure 5). 

In summary, this study provides compelling evidence of the causal relationship between FIBP gene 

expression and the risk of osteoarthritis through a series of rigorous statistical analysis methods. Our findings 

offer new molecular targets for the prevention and treatment of osteoarthritis in the future and lay the 

groundwork for further biomedical research. 

 

IV.   Discussion 

This study employed Mendelian Randomization (MR) methodology, utilizing genetic variants as 

instrumental variables, to assess the potential causal relationship between the FIBP (Fibroblast Growth Factor 1 

Intracellular Binding Protein) gene and the risk of osteoarthritis (OA). Our findings indicate that increased 

expression of the FIBP gene is associated with a reduced risk of developing OA, suggesting that FIBP may 

serve as a protective factor for OA. This discovery provides new insights into the molecular mechanisms of OA 

and may offer new molecular targets for its prevention and treatment [18]. 

Firstly, we provided a detailed description of our data sources. The foundation of our study was two 

independent genome-wide association study (GWAS) databases provided by Decode Genetics, one for the FIBP 

gene and the other for osteoarthritis. These databases, rich in genetic variation data, offered valuable resources 

for exploring the potential link between the FIBP gene and osteoarthritis. In this study, we used datasets 

encompassing individuals of European descent, both males and females, to ensure the broad applicability and 

representativeness of our results. 

In terms of methodology, we used the Inverse Variance Weighted (IVW) test to calculate the causal 

effect values, ensuring unbiased estimates. To further validate the robustness of our results, we combined fixed 

or random effects models with the IVW method, depending on the presence of heterogeneity in the study. 

Additionally, we employed the weighted median method and the MR-Egger test as supplementary approaches 

to enhance the robustness of our analysis. 

For sensitivity analysis, we used various analytical methods to assess the robustness of our results. The 

Cochran Q test was used to evaluate heterogeneity among individual SNPs; if the p-value of Cochran's Q test 

was statistically significant, it indicated heterogeneity. In this study, all heterogeneity tests had p-values greater 

than 0.05, indicating no significant heterogeneity in the data. Furthermore, we used the leave-one-out analysis 

to assess the sensitivity of our findings. If the exclusion of a particular SNP resulted in a p-value greater than 

0.05, it indicated a significant impact of that SNP on the results. Through leave-one analysis, we examined the 

influence of excluding individual SNPs on the overall causal estimates, ensuring the reliability of the overall 

effect. 

In this Mendelian randomization study, we identified and retained three single nucleotide 

polymorphisms (SNPs) significantly associated with the FIBP gene, which were used for further causal effect 

analysis. Applying the MR-Egger, weighted median, and inverse variance weighted (IVW) methods, we 

observed that the beta values of these SNPs were all less than 0, suggesting that FIBP may be a protective factor 

for osteoarthritis. Specifically, the odds ratios (OR) obtained were all less than 1, with 0.850 (95% confidence 

interval CI: 0.590-1.224) for the MR-Egger method, 0.887 (95% CI: 0.798-0.986) for the weighted median 

method, and 0.891 (95% CI: 0.807-0.983) for the IVW method, further confirming the protective role of FIBP. 

In the scatter plot, we observed a decreasing trend in the risk of osteoarthritis with increasing expression 

levels of FIBP, clearly indicated by the downward sloping lines from left to right. Additionally, the forest plot 

with SNPs having a combined effect size less than 0 supported the protective effect of FIBP, indicating that an 

increase in FIBP expression levels is associated with a reduced risk of osteoarthritis. These results suggest that 

FIBP may play an active role in reducing the risk of developing osteoarthritis. 

To further assess the robustness of our results, we conducted heterogeneity tests. Analyses using the MR 

Egger method (P = 0.54) and IVW method (P = 0.02) revealed no significant heterogeneity, indicating that our 

results are consistent and reliable. Moreover, we performed leave-one-out analysis to assess the impact of each 

SNP on the overall causal estimates, and the results showed no significant influence after excluding any single 

SNP, further confirming the robustness of our findings. 

The findings of this study are consistent with existing literature on the relationship between FIBP and 

OA [18]. For instance, previous studies have shown that the knockout of the FIBP gene can lead to decreased 

expression of cholesterol biosynthetic enzymes, reduced expression of low-density lipoprotein receptors, and 

increased expression of the cholesterol efflux pump ABCA1, changes that may significantly impact the 
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development of OA. Additionally, cholesterol metabolism is directly associated with the progression of OA, 

with studies indicating a positive correlation between elevated cholesterol levels and the occurrence and 

severity of OA [19-25]. Therefore, our study results provide further support for the hypothesis that FIBP acts as 

a protective factor for OA. 

However, this study also has some limitations. Firstly, due to the limitations of the study design, we 

cannot completely rule out all potential confounding factors. Although we employed various methods to control 

for the influence of confounding factors, there may still be unidentified or uncontrolled confounding factors. 

Secondly, our study sample was limited to individuals of European descent, so our findings may not be directly 

generalizable to other races or populations. Future studies need to replicate our findings in different races and 

populations to verify their universality. Lastly, although our study results support the hypothesis that FIBP is a 

protective factor for OA, further research is needed to elucidate the specific mechanisms by which FIBP is 

involved in the development of OA. 

In summary, this study provides compelling evidence of the causal relationship between FIBP gene 

expression and the risk of osteoarthritis using Mendelian randomization methods. Our findings offer new 

molecular targets for the prevention and treatment of osteoarthritis in the future and lay the groundwork for 

further biomedical research. However, further research is needed to clarify the specific mechanisms by which 

FIBP is involved in the development of OA and to verify our findings in different races and populations. 

Through these studies, we can better understand the molecular mechanisms of OA and provide important 

information for the development of new prevention and treatment strategies. 
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