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Background

Recent studies have revealed a significant decrease in serum fetuin-A levels in atherosclerotic aneurysms, indicating that fetuin-A may play a protective role in the progression of arterial calcification. However, the specific mechanism behind this phenomenon remains unclear. We aimed to examine the association between fetuin-A levels in thoracic aortic aneurysms (TAAs) and risk of TAAs and to evaluate whether this association was causal.





Methods

A total of 26 SNPs were selected as instrumental variables for fetuin-A in 9,055 participants of European ancestry from the CHARGE consortium, and their effects on thoracic aortic aneurysm and decreased descending thoracic aortic diameter were separately estimated in 353,049 and 39,688 individuals from FinnGen consortium. We used two-sample Mendelian randomization (MR) analysis to examine the causal association. At the same time, we employed various methods, including random-effects inverse variance weighting, weighted median, MR Egger regression, and MR PRESSO, to ensure the robustness of causal effects. We assessed heterogeneity using Cochran’s Q value and examined horizontal pleiotropy through MR Egger regression and retention analysis.





Results

Fetuin-A level was associated with a significantly decreasing risk of thoracic aortic aneurysm (odds ratio (OR) 0.64, 95% CI 0.47 - 0.87, P = 0.0044). Genetically predicted fetuin-A was also correlated with the decreased descending thoracic aortic diameter (β = -0.086, standard error (SE) 0.036, P = 0.017).





Conclusions

Serum fetuin-A level was negatively associated with risk of TTAs and correlated with the decreased descending thoracic aortic diameter. Mendelian randomization provides support for the potential causal relationship between fetuin-A and thoracic aortic aneurysm.
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1 Introduction

Aortic aneurysm is a critical cardiovascular disease characterized by exceptionally high mortality rates. It is a complex multifactorial condition influenced by both genetic and environmental risk factors. Thoracic aortic aneurysms (TAAs) refer to the dilation of the ascending part of the aorta, accounting for one-third of the incidence of aortic aneurysm, which may lead to dissection or aortic rupture (1). It is related to age, male, smoking, hypertension, family history and genetic susceptibility. Atherosclerosis is an infrequent underlying cause in most cases. The precise etiology, however, remains incompletely elucidated, underscoring the practical significance of early biomarker identification and detection.

Fetuin-A, also referred to as α2-Heremans-Schmid glycoprotein or α2-HS glycoprotein, is a heterodimeric plasma glycoprotein composed of 282 amino acids in the A chain and 27 amino acids in the B chain (2). It is primarily secreted by the liver and can also be found widely expressed in various tissues (3). Fetuin-A has also been shown to play a vital role in the development of several disorders. It plays a role in regulating calcium metabolism, osteogenesis, and insulin signaling pathways. Additionally, it functions as a heterotopic calcification inhibitor, protease inhibitor, inflammatory mediator, anti-inflammatory mediator, and atherogenic factor (4). Recent studies (5, 6) have demonstrated that elevated levels of plasma fetuin-A are linked to an elevated risk of myocardial infarction and stroke. This suggests that fetuin-A plays a role in the pathophysiology of cardiovascular diseases. In an observational study (7) comprising 30 cases of atherosclerotic aortic aneurysms, 15 cases of Marfan syndrome, 30 cases of peripheral arterial diseases, and healthy controls, Szeberin et al. discovered a significant lower in the serum level of fetuin-A in the atherosclerotic aortic aneurysm group. This finding lends support to the notion that fetuin-A plays a protective role in the process of arterial calcification. The plasma samples from six patients with TAA before and after surgery, as well as from six healthy controls, were analyzed by Kazamia et al. (8). The findings revealed a significant decrease in the concentration of alpha-2-HS glycoprotein (AHSG), also known as fetuin-A, in preoperative plasma samples from TAA patients compared to healthy controls. These results suggest that AHSG (fetuin-A) holds promise as a potential biomarker for TAA. However, the involvement of fetuiu-A in the occurrence and progression of TAAs remains elusive.

Mendelian Randomization (MR) is a method that utilizes genetic variations, particularly single nucleotide polymorphisms (SNPs), as instrumental variables (IVs) to establish causal relationships between diseases (outcomes) and risk factors (exposures) (9). To date, no Mendelian Randomization (MR) analysis has assessed the association between fetuin-A and thoracic aortic aneurysm. Nevertheless, clinical data indicates a significant reduction in serum fetuin-A levels within the aortic aneurysm group. Hence, it is imperative to further investigate the potential causal link between fetuin-A levels and thoracic aortic aneurysm.

Our hypothesis posits that serum fetuin-A levels are inversely correlated with the risk of thoracic aortic aneurysms. Given the limited evidence regarding the causal relationship between fetuin-A and the risk of thoracic aortic aneurysm, our objective is to employ Genome-Wide Single Nucleotide Polymorphism Array(GWAS) data to examine the causal between serum fetuin-A levels and the risk of thoracic aortic aneurysms. Additionally, we will explore potential causal associations through MR analysis, utilizing two distinct datasets sourced from GWSA data.




2 Methods



2.1 Study population and instrumental variables selection

The summary-level variants associated with fetuin-A expression were obtained from the CHARGE Consortium, which included 9,055 participants of European ancestry (10). This study further derived 26 SNPs fetuin-A using a criterion of P < 5 × 10−8 and LD r2 < 0.4. The F-statistic indicates the strength of the relationship between SNPs and exposures. A higher F-statistic, typically greater than 10, suggests a lower likelihood of causing weak instrument bias. The genetic information of selected SNPs in detail is shown in Supplementary Table 1.

The summary datasets of thoracic aortic aneurysms were obtained from FinnGen release 9. We chose genetic association data from a total of 353,049 European participants. Descending thoracic aortic diameter were derived from Pirruccello et al., which trained deep learning model to identify genetic variants associated with thoracic aortic diameter in 39,688 individuals (11). The maximum size in the elliptical minor axis during the cardiac cycle was defined as the aortic diameter, and its association with genetic variants was analyzed in UK biobank patients. All MR Analyses satisfy three basic assumptions: 1) instrumental variables are strongly correlated with exposure factors; 2) Instrumental variables are not correlated with confounding factors; 3) Instrumental variables are not directly related to the results, and their impact on the results can only be reflected through exposure.




2.2 Mendelian randomization analysis

We conducted MR analysis using the ‘TwoSampleMR’ package in R. The inverse variance weighted (IVW) meta-analysis method was chosen as the primary MR analysis, as it provides optimum accuracy with decent IV quality (12). Different supplementary methods, namely MR-Egger, weighted median, simple mode, weighted mode, and maximum likelihood were utilized to evaluate the causal association. The intercept of the MR-Egger regression can represent horizontal pleiotropy, and it can be applied in the presence of unbalanced pleiotropy (13). The weighted median method continues to offer a consistent estimate of the causal effect, even when over 50% of the instrumental variables are deemed invalid (14). The robust adjusted profile score (RAPS) method can better address the bias caused by potential weak instruments and pleiotropy.




2.3 Sensitivity analyses

To further ensure IV quality, extensive sensitivity analyses were performed. We used Cochran’s Q test to evaluate heterogeneity between each IV. MR-Egger regression was employed to assess pleiotropy, with an MR-Egger intercept indicating its existence. MR pleiotropy residual sum and outlier (MR-PRESSO) method is also a powerful complement for testing pleiotropy in MR, with the global test detecting horizontal pleiotropy, and the outlier test can correct the estimate by removing outliers if necessary (15). Furthermore, we utilized the PhenoScanner database (http://www.phenoscanner.medschl.cam.ac.uk/) to evaluate the potential associations between the selected IVs and any confounding factors that could potentially impact outcomes (16). A leave-one-out analysis was conducted to identify potentially influential SNPs with significant effects on remaining IVW results.




2.4 Statistical analysis

All analyses were performed using R software (version 4.1.2). The ‘MRPRESSO’ package (version 1.0) was used for the MR-PRESSO method, and ‘mr.raps’ package (version 0.2) for the RAPS method. An online web tool (https://sb452.shinyapps.io/power/) was utilized for power analysis. A P < 0.05 was considered statistically significant in the primary analyses and Sensitivity analyses.





3 Results



3.1 The causal effect of fetuin-A level on thoracic aorta outcomes

Complete MR results are shown in the Supplementary Table 1. Among four pollution exposures, IVW estimates that fetuin-A expression was associated with a significantly decreasing risk of thoracic aortic aneurysm (OR = 0.64, 95% CI: 0.47 - 0.87, P = 0.0044). Genetically predicted fetuin-A was also correlated with the decreased descending thoracic aortic diameter (β = -0.086, SE = 0.036, P = 0.017) (Figure 1, Table 1). The ORs in all seven models (fixed effects IVW, multiplicative random effects IVW, MR-Egger, weighted median, simple mode, weighted mode, and maximum likelihood) demonstrated the same direction, as evidenced in the negative slopes of all the lines between fetuin-A levels and aortic outcomes (Figure 2). The direction and significance of MR-PRESSO and RAPS analyses are consistent with IVW for both thoracic aortic aneurysm risks (MR-PRESSO: OR = 0.64, 95% CI: 0.50 - 0.83, P = 0.0024; RAPS: OR = 0.62, 95% CI: 0.47 - 0.83, P = 0.0014) and descending thoracic aortic diameter (MR-PRESSO: β = -0.097, SE = 0.028, P = 0.0021; RAPS: β = -0.099, SE = 0.034, P = 0.0033).




Figure 1 | The causal effect of fetuin-A level on thoracic aorta outcomes. The odds ratios (ORs) are adjusted to genetically predict serum fetuin-A levels for assessing the risk of thoracic aortic aneurysm. OR, odds ratio.




Table 1 | Causal effects assessed by IVW, RAPS, and MR-PRESSO, and sensitivity analyses for fetuin-A level on aortic outcomes.






Figure 2 | The scatter plot for MR analyses of fetuin-A levels and the risk of thoracic aortic aneurysm using different MR methods. (A) The effect of SNPs on the risk of thoracic aortic aneurysm; (B) The effect of SNPs on the risk of descending thoracic aortic diameter.






3.2 Sensitivity analysis

The Cochran’s Q test detected no heterogeneity in our study. MR-Egger regression indicated the existence of pleiotropy in the relationship between fetuin-A level and the risk of thoracic aortic aneurysm (P = 0.046). However, no pleiotropy was detected using the MR-PRESSO global tests and no SNP was removed. The leave-one-out analysis also determined that no IV substantially influenced overall MR analysis results for all significant exposure-outcome estimates (Supplementary Figure 1). All SNPs passed the correlation strength threshold, as the minimum F-statistic was 33.18, indicating unlikely weak instrument bias for MR analysis (Supplementary Table 2). The PhenoScanner search results revealed that no IVs were associated with confounding traits of thoracic aortic aneurysm risk or descending thoracic aortic diameter (Supplementary Table 3). The MR results in our study were relatively robust, indicating that high fetuin-A level is a protective factor for thoracic aortic aneurysm and enlargement of the descending thoracic aorta.





4 Discussion

This study employed a bidirectional two-sample Mendelian randomization (MR) design to investigate the associations between fetuin-A and thoracic aortic aneurysm, marking the first instance of such analysis. Two-sample Mendelian randomization analyses demonstrated that higher fetuin-A levels were associated with a significantly reduced risk of thoracic aortic aneurysm (odds ratio (OR) = 0.64, 95% confidence interval (CI): 0.47 - 0.87, P = 0.0044) and a decrease in the diameter of thoracic aortic aneurysms (β = -0.086, standard error (SE) = 0.036, P = 0.017).

The presence of aortic aneurysms pose a significant risk to cardiovascular health and can potentially be life-threatening. It can be categorized into two types: thoracic aortic aneurysm and abdominal aortic aneurysm, each with distinct underlying causes. The development of thoracic aortic aneurysm primarily revolves around changes in the extracellular matrix (17). As research progresses, an increasing body of evidence has confirmed the correlation between calcification of aneurysm walls and the mortality rate associated with aneurysms (18, 19).

Kazamia et al (8). utilized liquid chromatography-tandem mass spectrometry to examine proteins extracted from 14 thoracic aortic aneurysms (TAAs) tissue samples and 12 non-aneurysmal thoracic aortic tissue samples. They also analyzed plasma samples from 6 TAA patients before and after surgery and 6 healthy control individuals. The findings revealed a notable reduction in the concentration of Alpha-2-HS-glycoprotein (AHSG) (Also known as fetuin-A) in the preoperative plasma samples compared to those from the healthy controls, indicating that AHSG might serve as a promising biomarker for TAA. This study represented the first observation of the relationship between Fetuin-A and patients with aortic aneurysms of various causes. Szeberin et al (7). conducted a single-center cross-sectional observational study involving 105 patients, including 30 with atherosclerotic aortic aneurysm, 15 with Marfan syndrome, 30 with peripheral arterial disease, and 30 healthy controls. They analyzed the serum levels of fetuin-A. The findings revealed a significant reduction in serum fetuin-A levels in the atherosclerotic aortic aneurysm group, supporting the notion that fetuin-A plays a protective role in the development of arterial calcification. These results further substantiate the hypothesis that fetuin-A may serve as an inhibitor of arterial calcification in atherosclerotic patients, independent of diabetes and in the absence of obvious renal dysfunction. This discovery has the potential to enhance diagnostic capabilities for this condition. This is the initial proposition suggesting that fetuin-A plays a role in the development of thoracic aortic aneurysms (TAAs) and may potentially offer a protective effect.

Currently, the potential connection between fetuin-A and TAAs remains uncertain. We employed a two-sample Mendelian randomization study to explore whether a causal link exists between them, and to assess the causal association between fetuin-A and aortic diameter. The findings demonstrated a significant correlation between fetuin-A expression and a reduced risk of thoracic aortic aneurysms (OR=0.64, 95% CI: 0.47-0.87, P=0.00044). Additionally, gene-predicted fetuin-A was also linked to a reduction in the diameter of thoracic aortic aneurysms (β = -0.086, SE = 0.036, P = 0.017).

Previous studies have indicated that the size of thoracic aortic aneurysms is a critical predictor of rupture. Aneurysms with a diameter of 5 to 6 centimeters tend to grow more rapidly and are at a higher risk of rupturing compared to smaller aneurysms (20). In recent years, an increasing number of studies have demonstrated that aortic aneurysms often coincide with vascular calcification. The calcification of arteries reduces their elasticity, which worsens the occurrence and progression of aneurysms (21). As is widely known, the primary pathophysiological mechanisms of thoracic aortic aneurysms (TAAs) involve inflammation, apoptosis of smooth muscle cells, and the secretion of proteases, which result in the degradation of the extracellular matrix (ECM). Matrix metalloproteinases (MMPs), particularly MMP-2 and MMP-9, are activated and increased in expression in thoracic aortic aneurysm (TAA) (22, 23). The action of MMPs, which damage ECM, can result in a weakened medial layer of the aorta, potentially leading to an aneurysm (24). Our findings demonstrate a significant association between the level of fetuin-A and a reduced risk of thoracic aortic aneurysm, along with a decrease in the diameter of the thoracic aortic aneurysms. Meanwhile, fetuin-A, acting as an inhibitor of ectopic calcification and proteases, is suggested to play a protective role in the development of arterial calcification, according to the relevant literature. Consequently, we propose that the mechanism by which fetuin-A protects against thoracic aortic aneurysms appears to involve the inhibition of arterial calcification, an influence on arterial diameter, and the suppression of MMPs.

Nonetheless, our study has several limitations that warrant consideration. Firstly, future updated Mendelian randomization analyses using summary statistics from larger genetic studies should be conducted to confirm the findings of our current MR study. A significant constraint in our study is the inability to directly assess the associations of individual genetic variants with potential confounding factors related to the link between fetuin-A levels and TAA. This limitation stems from our lack of knowledge regarding potential confounders and the unavailability of individual-level data. Notably, potential confounding variables, such as disease type, disease state, age, sex, and others, may introduce biases into the causal inferences drawn. A more comprehensive exploration of the functions of selected instrumental variables and the refinement of algorithms within the MR framework could potentially help mitigate the impact of confounding factors. Thirdly, the measured fetuin-A level at a specific timepoint may be influenced by transient factors, such as age and inflammation, which might not accurately represent the lifelong fetuin-A levels determined by the encoding gene. Fourth, it is worth noting that the GWAS data used primarily comprised samples of European ancestry, which may limit the generalizability of our findings to other racial or ethnic populations. Finally, although our study suggests a causal association between CSF fetuin-A levels and TAA, it’s important to recognize that mendelian randomization analysis provides a predictive result that requires further validation. Therefore, the establishment of a causal relationship and the underlying pathological mechanisms must be explored. Although clinical trials have suggested the prioritization of fetuin-A detection in thoracic aortic aneurysms, further evidence-based confirmation is still required through large-scale clinical randomized controlled trials.




5 Conclusion

In conclusion, Mendelian randomization analysis has revealed a negative correlation between serum fetuin-A levels and the risk of TAA, accompanied by a lower in the diameter of TAA. The findings of our study provide persuasive evidence for the early detection and diagnosis of thoracic aortic aneurysms. Nevertheless, the underlying mechanism remains unclear at present and warrants further validation through animal experiments and large-scale clinical trials.
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Supplementary Figure 1 | The leave-one-out analysis plot and funnel plot of fetuin-A levels and the risk of thoracic aortic aneurysm. (A) Leave-one-out plot of fetuin-A and thoracic aortic aneurysm; (B) Leave-one-out plot of fetuin-A and thoracic aortic diameter; (C) Funnel plot of fetuin-A and thoracic aortic aneurysm; (D) Funnel plot of fetuin-A and thoracic aortic diameter.




References

1. Kuivaniemi, H, Platsoucas, CD, and Tilson, MD 3rd. Aortic aneurysms: an immune disease with a strong genetic component. Circulation. (2008) 117:242–52. doi: 10.1161/CIRCULATIONAHA.107.690982.

2. Osawa, M, Umetsu, K, Sato, M, Ohki, T, Yukawa, N, Suzuki, T, et al. Structure of the gene encoding human alpha 2-HS glycoprotein (AHSG). Gene. (1997) 196:121–5. doi: 10.1016/S0378-1119(97)00216-3.

3. Gerst, F, Kemter, E, Lorza-Gil, E, Kaiser, G, Fritz, AK, Nano, R, et al. The hepatokine fetuin-A disrupts functional maturation of pancreatic beta cells. Diabetologia. (2021) 64:1358–74. doi: 10.1007/s00125-021-05435-1.

4. Chekol Abebe, E, Tilahun Muche, Z, Behaile, TMA, Mengie Ayele, T, Mekonnen Agidew, M, Teshome Azezew, M, et al. The structure, biosynthesis, and biological roles of fetuin-A: A review. Front Cell Dev Biol. (2022) 10:945287. doi: 10.3389/fcell.2022.945287.

5. Ketteler, M, Bongartz, P, Westenfeld, R, Wildberger, JE, Mahnken, AH, Böhm, R, et al. Association of low fetuin-A (AHSG) concentrations in serum with cardiovascular mortality in patients on dialysis: a cross-sectional study. Lancet. (2003) 361:827–33. doi: 10.1016/S0140-6736(03)12710-9.

6. Weikert, C, Stefan, N, Schulze, MB, Pischon, T, Berger, K, Joost, HG, et al. Plasma fetuin-a levels and the risk of myocardial infarction and ischemic stroke. Circulation. (2008) 118:2555–62. doi: 10.1161/CIRCULATIONAHA.108.814418.

7. Szeberin, Z, Fehervari, M, Krepuska, M, Apor, A, Rimely, E, Sarkadi, H, et al. Fetuin-A serum levels in patients with aortic aneurysms of Marfan syndrome and atherosclerosis. Eur J Clin Invest. (2011) 41:176–82. doi: 10.1111/eci.2010.41.issue-2.

8. Kazamia, R, Keravnou, A, Moushi, A, Sokratous, K, Michailidou, K, Yiangou, K, et al. Tissue and plasma proteomic profiling indicates AHSG as a potential biomarker for ascending thoracic aortic aneurysms. BMC Cardiovasc Disord. (2023) 23:138. doi: 10.1186/s12872-023-03154-6.

9. Skrivankova, VW, Richmond, RC, Woolf, BAR, Yarmolinsky, J, Davies, NM, Swanson, SA, et al. Strengthening the reporting of observational studies in epidemiology using mendelian randomization: the STROBE-MR statement. JAMA. (2021) 326:1614–21. doi: 10.1001/jama.2021.18236.

10. Wu, P, Wang, Y, Ye, Y, Yang, X, Lu, Q, Yuan, J, et al. Serum fetuin-A and risk of gestational diabetes mellitus: an observational study and mendelian randomization analysis. J Clin Endocrinol Metab. (2022) 107:e3841–e9. doi: 10.1210/clinem/dgac335.

11. Pirruccello, JP, Chaffin, MD, Chou, EL, et al. Deep learning enables genetic analysis of the human thoracic aorta. Nat Genet. (2022) 54:40–51. doi: 10.1038/s41588-021-00962-4.

12. Yavorska, OO, and Burgess, S. MendelianRandomization: an R package for performing Mendelian randomization analyses using summarized data. Int J Epidemiol. (2017) 46:1734–9. doi: 10.1093/ije/dyx034.

13. Bowden, J, Davey Smith, G, and 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.

14. Bowden, J, Davey Smith, G, Haycock, PC, and 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.

15. Verbanck, M, Chen, CY, Neale, B, and 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.

16. Staley, JR, Blackshaw, J, Kamat, MA, Ellis, S, Surendran, P, Sun, BB, et al. PhenoScanner: a database of human genotype-phenotype associations. Bioinformatics. (2016) 32:3207–9. doi: 10.1093/bioinformatics/btw373.

17. Quintana, RA, and Taylor, WR. Cellular mechanisms of aortic aneurysm formation. Circ Res. (2019) 124:607–18. doi: 10.1161/CIRCRESAHA.118.313187.

18. Chowdhury, MM, Zielinski, LP, Sun, JJ, Lambracos, S, Boyle, JR, Harrison, SC, et al. Editor's choice - calcification of thoracic and abdominal aneurysms is associated with mortality and morbidity. Eur J Vasc Endovasc Surg. (2018) 55:101–8. doi: 10.1016/j.ejvs.2017.11.007.

19. Bartstra, JW, Mali, W, Spiering, W, and de Jong, PA. Abdominal aortic calcification: from ancient friend to modern foe. Eur J Prev Cardiol. (2021) 28:1386–91. doi: 10.1177/2047487320919895.

20. Kouchoukos, NT, and Dougenis, D. Surgery of the thoracic aorta. N Engl J Med. (1997) 336:1876–88. doi: 10.1056/NEJM199706263362606.

21. Rusanescu, G, Weissleder, R, and Aikawa, E. Notch signaling in cardiovascular disease and calcification. Curr Cardiol Rev. (2008) 4:148–56. doi: 10.2174/157340308785160552.

22. Longo, GM, Xiong, W, Greiner, TC, Zhao, Y, Fiotti, N, and Baxter, BT. Matrix metalloproteinases 2 and 9 work in concert to produce aortic aneurysms. J Clin Invest. (2002) 110:625–32. doi: 10.1172/JCI0215334.

23. Airhart, N, Brownstein, BH, Cobb, JP, Schierding, W, Arif, B, Ennis, TL, et al. Smooth muscle cells from abdominal aortic aneurysms are unique and can independently and synergistically degrade insoluble elastin. J Vasc Surg. (2014) 60:1033–41; discussion 41-2. doi: 10.1016/j.jvs.2013.07.097.

24. Ailawadi, G, Eliason, JL, and Upchurch, GR Jr. Current concepts in the pathogenesis of abdominal aortic aneurysm. J Vasc Surg. (2003) 38:584–8. doi: 10.1016/S0741-5214(03)00324-0.




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.


Copyright © 2024 Chen, Zhu, Guo, Cao, Xiao, Zhu, Weng, Hu, Luo, Wang, Wu, He, Yang and Peng. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo-15-1361416-g002.jpg
>

SNP effect on Thoracic aortic aneurysm risks

01-

-03-,
0.00

MR lest

Inverse variance weighted MR Egger
/ Inverse variance weighted (fixed effects) Simple mode
Weighted median

Weighted mode

/ Inverse variance weighted (multiplicative random effects)
/ Maximum likelihood

ANNNN

SNP effect on descending thoracic aortic diameter

~0044 . . .
0.10 05 020 025 000 005 0.10 015
SNP effect on fetuin-A levels SNP effect on fetuin-A levels

020 0.25





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Serum fetuin-a and risk of thoracic aortic aneurysms: a two-sample mendelian randomization study

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          1 Introduction

        



        		

          2 Methods

        

          		

            2.1 Study population and instrumental variables selection

          



          		

            2.2 Mendelian randomization analysis

          



          		

            2.3 Sensitivity analyses

          



          		

            2.4 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 The causal effect of fetuin-A level on thoracic aorta outcomes

          



          		

            3.2 Sensitivity analysis

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-15-1361416-g001.jpg
Thoracic aortic aneurysm risk Descending thoracic aortic diameter

Method OR P Value OR P Value
MR Egger [ p— 0.71 e 0.536
Weighted median —— 0.011 . 0.177
Inverse variance weighted —-— 0.004 - 0.017
Inverse variance weighted (fixed effects) ] 0.004 - 0.017
Inverse variance weighted . 0.002 - 0.007

(multiplicative random effects)

Simple mode .- 0.049 L 0.905
Weighted mode I 0.004 ia| 0.168
Maximum likelihood —.— 0.006 - 0.023
MRPRESSO L 0.002 - 0.002
MR-RAPS . 0.001 - 0.003
T T





OEBPS/Images/fendo.2024.1361416_cover.jpg
& frontiers | Frontiers in Endocrinology

Serum fetuin-a and risk of thoracic aortic
aneurysms: a two-sample mendelian
randomization study





OEBPS/Images/table1.jpg
Cochran Q test's

MR-PRESSO

Outcome Methods p Global Test
-value
P-value

Thoracic aortic aneurysm ww -0.44 0.15 0.0044* 0.046" 0.631 0.537
RAPS -047 0.15 0.001*
MR-PRESSO -0.44 0.13 0.002*

Descending thoracic aortic diameter | wvw -0.09 0.04 0.017% 0.192 0.765 0.814
RAPS [ -0.10 0.03 0.003*
MR-PRESSO -0.10 0.03 0.002%

*P-value < 0.05 for mendelian randomization analysis.
#P-value < 0.05 for sensitivity analysis.

IVW, inverse variance weighted. RAPS, robust adjusted profile score. MR-PRESSO,

, mendelian randomization pleiotropy residual sum and outlier.





