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Objective

Some evidence suggests a reduced prevalence of type 2 diabetes mellitus (T2DM) in patients with aortic dissection (AD), a catastrophic cardiovascular illness, compared to general population. However, the conclusions were inconsistent, and the causal relationship between T2DM and AD remains unclear.





Methods

In this study, we aimed to explore the causal relationship between T2DM and AD using bidirectional Mendelian randomization (MR) analysis. Mediation MR analysis was conducted to explore and quantify the possible mediation effects of 1400 metabolites in T2DM and AD.





Results

The results of 26 datasets showed no causal relationship between T2DM and AD (P>0.05). Only one dataset (ebi-a-GCST90006934) showed that T2DM was a protective factor for AD (I9-AORTDIS) (OR=0.815, 95%CI: 0.692-0.960, P=0.014), and did not show horizontal pleiotropy (P=0.808) and heterogeneity (P=0.525). Vanillic acid glycine plays a mediator in the causal relationship between T2DM and AD. The mediator effect for vanillic acid glycine levels was -0.023 (95%CI: -0.066-0.021).





Conclusion

From the perspective of MR analysis, there might not be a causal relationship between T2DM and AD, and T2DM might not be a protective factor for AD. If a causal relationship does exist between T2DM and AD, with T2DM serving as a protective factor, vanillic acid glycine may act as a mediator and enhance such a protective effect.
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1 Introduction

Aortic dissection (AD), a catastrophic cardiovascular illness, occurs when there is an intimal tear that allows the blood to pass through the tear and into the aortic media, splitting the intima in two longitudinally, creating a dissection flap that divides the true lumen from a newly formed false lumen (1). Alarmingly, if AD is not promptly treated, it carries an up to 50% mortality rate within the first 48 hours. Even with treatment, the in-hospital mortality may remain around 10% (2). Consequently, the early identification of AD risk factors is pivotal in improving patient survival rates and prognoses. Research on risk factors for AD has been a hot topic in related disciplines. There are many factors that have been proven to be AD risk factors. Examples: hypertension, males, Marfan syndrome, Turner syndrome, and so on (1).

However, the most specific risk factor is type 2 diabetes mellitus (T2DM). The risk of hypertension in T2DM patients far outweighs that of non-T2DM individuals, and since hypertension is an established risk factor for AD, traditional views categorize T2DM as a potential risk factor for AD. Interestingly though, a 2012 single center case control study in the United States was the first to illustrate a reduced prevalence of T2DM among AD patients, suggesting the potential of T2DM in reducing AD risk, thereby categorizing it as a protective factor (3). This counter intuitive finding was further corroborated through a 2017 meta-analysis including six case control studies, which confirmed, for the first time from an evidence-based medicine standpoint, the negative association between T2DM and AD (4).

T2DM is a complex metabolic disorder that impacts a multitude of metabolic processes and metabolites. A key pathological feature of T2DM is insulin resistance (IR) (5). Study have shown that 20 metabolites such as amino acids, glucose synthesis intermediates, ketone bodies, and fatty acids have a close correlation with IR. At present, the specific mechanism by which T2DM affects AD remains unclear. Few previous studies have examined whether T2DM can affect AD through a certain metabolite. Therefore, we tried to explore the role played by metabolites in T2DM and AD through mediated analysis. Secondly, the genome wide association study (GWAS) data of metabolites are easily available and large, with 1,400 metabolites, making it more likely to find metabolites that act as mediators.

Although these studies analyzed the T2DM and AD association through case control and evidence-based medicine, there remain a few of Mendelian Randomization (MR) analysis studies. Traditional observational studies, impeded by potential confounders and reverse causality, struggle to provide clear causal inferences (6). However, by deploying genetic instrumental variables (IVs) to deduce relationships between exposures and outcomes, MR greatly reduces potential confounder influences upon the validity of association results, enhancing the robustness of the result argument beyond even that of observational studies and randomized controlled trials (7, 8). By adhering to the STROBE-MR (strengthening the reporting of observational studies in epidemiologic trials) statement in this analysis (9), we aim to explore the causal relationship between T2DM and AD, and possible mediators of this effect from an MR perspective, offering fresh insights and evidence into the T2DM-AD causal relationship.




2 Materials and methods



2.1 Study design

In this study, two-sample MR analysis was used to investigate the potential causal relationship between T2DM (exposure) and AD (outcome). Additionally, reverse MR analysis was performed to determine the causal direction. Mediation MR analysis was conducted to explore and quantify the possible mediation effects of 1400 metabolites in T2DM and AD. The definitions of T2DM and AD were referred to the relevant guidelines (1, 10).




2.2 Data sources

Data were sourced from publicly accessible databases (IEU OpenGWAS Project, https://gwas.mrcieu.ac.uk/. FinnGen Release 10, https://r10.finngen.fi/. Diabetes Genetics Replication And Meta-analysis (DIAGRAM) (11), https://diagram-consortium.org/pub.html). Various metabolites GWAS summary statistics were deposited to GWAS Catalog (https://www.ebi.ac.uk/gwas/). Accession numbers for European GWASs: GCST90199621-90201020. These statistics cover a total of 1400 metabolites (12). Because the ethical approvals are described in the original GWAS article, no additional ethical approval was required for the analysis in this study. Data collection is due February 1, 2024.




2.3 Selection of IVs

The selecting of IVs was in accordance with the three main hypotheses of MR (8): (1) the IV should be directly associated with the exposure (relevance); (2) the IV should be independent of the confounding factors in the exposure-outcome association (independence); (3) the IV should not have a direct association with the outcome (exclusion). IVs meet the standard of genome wide significance (P<5e-6) and clumping for those in linkage disequilibrium (r2 = 0.001, distance=10000kb) (13, 14). Instrument strengths were assessed via F-statistics, with high-strength IVs recognized as those with F-statistic>10 and low-strength IVs (F-statistic<10) excluded (15, 16). The 1400 metabolites conformed to genome wide significance (P<1e-5) and clumping for those in linkage disequilibrium (r2 = 0.001, distance=10000kb).




2.4 MR analysis

We mainly used the inverse variance weighted (IVW) method to determine the causal relationship and each potential mediator. Results were shown by odds ratio (OR) and 95% confidence interval (CI). P<0.05 was considered to be a potential causal relationship. The “MRPRESSO” package (version 1.0) was employed to identify and remove potential outliers, with reanalysis conducted to ensure hypotheses 2 and 3 were satisfied. Duplicate single nucleotide polymorphism (SNPs) was removed based on rsID, with palindromic SNPs also excluded. A two-sided P<0.05 was considered statistically significant. All statistical analysis were performed using the “TwoSampleMR” package (version 0.5.9) in R Software (version 4.3.2).




2.5 Mediation effects analysis

The exposure effect on the mediator is defined as beta1, while the mediator effect on the outcome is defined as beta2. Mediator effect (ME) is calculated as ME=beta1*beta2. Total exposure effect on the outcome (TE) and direct exposure effect (DE) are defined as TE=beta_all and DE=beta_all-beta1*beta2 respectively. ME results were shown by 95% CI. Meanwhile, 95% CI were calculated with the delta method (17).




2.6 Heterogeneity and pleiotropic analysis

MR-Egger test was employed to test for heterogeneity, and P<0.05 indicated the presence of heterogeneity. The Egger intercept method was used to detect the pleiotropic effects of IVs, and the intercept term P<0.05 indicated the existence of pleiotropic effects.





3 Results



3.1 Data collection

A total of 27 T2DM GWAS datasets (sample size=7944837) were collected, except for 2 datasets where case and control were not reported, the remaining 25 datasets contained a total of (case=1071828, control=5337870) (18–33). GWAS meta-analysis summary data (All_Metal_LDSC-CORR_Neff.v2) from DIAGRAM database were included (case=428452, control=2107149) (10). Two GWAS datasets from AD were also included (sample size=589955, case=1437, control=588518) (34). For details, see Table 1.


Table 1 | Baseline characteristics of T2DM and AD datasets.






3.2 MR analysis

By MR analysis of T2DM and AD, the results of 26 datasets showed no causal relationship between T2DM and AD (P>0.05). For details, see Supplementary Table 1. Only one diabetes dataset (ebi-a-GCST90006934) showed that T2DM was a protective factor for AD (I9-AORTDIS) (OR=0.815, 95%CI: 0.692-0.960, P=0.014), and the results did not show horizontal pleiotropy (P=0.808) and heterogeneity (P=0.525). For details, see Table 2. The eligible IVs are shown in Supplementary Table 2, and the correlation analysis plots are shown in Supplementary Figure 1. The reverse MR analysis suggested that there was no causal relationship between AD (I9-AORTDIS) and T2DM (ebi-a-GCST90006934) (OR=1.026, 95%CI: 0.976-1.079, P=0.320), and the result was free of horizontal pleiotropy (P=0.172) and heterogeneity (P=0.444). For details, see Table 2. Suggesting that the causal direction was T2DM to AD. The forest plots are shown in Figure 1, the eligible IVs are shown in Supplementary Table 3, and the correlation analysis plots are shown in the Supplementary Figure 2.


Table 2 | MR analysis of ebi-a-GCST90006934, I9-AORTDIS, finn-b-I9-AORTDIS and ebi-a-GCST90200253.






Figure 1 | Bidirectional and Mediation MR analysis of T2DM (ebi-a-GCST90006934), vanillic acid glycine levels (ebi-a-GCST90200253) and AD (I9-AORTDIS).






3.3 MR validation

By using AD (finn-b-I9-AORTDIS) for validation, the results of MR analysis of the 26 T2DM datasets showed that T2DM and AD were not causally related (P>0.05). For details, see Supplementary Table 1. Either only ebi-a-GCST90006934 showed that T2DM was a protective factor for AD (finn-b-I9-AORTDIS) (OR=0.744, 95%CI: 0.578-0.958, P=0.022), and the results were not subject to horizontal pleiotropy (P=0.322) and heterogeneity (P=0.281). For details, see Table 2. The eligible IVs are shown in Supplementary Table 2, and the correlation analysis plots are shown in Supplementary Figure 3. The reverse MR analysis of AD (finn-b-I9-AORTDIS) to T2DM (ebi-a-GCST90006934) was not performed because AD (finn-b-I9-AORTDIS) was unable to screen out the strong IVs. The above MR analysis indicates that there may not be a causal relationship between T2DM and AD. The results of MR analysis of only one dataset with T2DM supported that T2DM was a protective factor for AD. The forest plot is shown in Figure 1.




3.4 Selection of mediator from 1400 metabolites

The ebi-a-GCST90200253 dataset was found to be causally associated with T2DM (ebi-a-GCST90006934) and AD (I9-AORTDIS) by screening 1400 metabolites, respectively, and the results were not horizontally pleiotropic (P=0.322) and heterogeneous (P=0.281), as shown in Table 2. The ebi-a-GCST90200253 matching metabolites was vanillic acid glycine levels. This suggests that vanillic acid glycine plays a mediating role in the causal relationship between T2DM and AD. The forest plot is shown in Figure 1.




3.5 Mediation effects of mediator

From the calculations, we derived beta1=-0.101 (OR=0.904, 95%CI: 0.841-0.972, P=0.006), beta2 = 0.226 (OR=1.254, 95%CI: 1.038-1.515, P=0.019), beta_all=-0.205 (OR=0.815, 95%CI: 0.692-0.960, P=0.014), see Table 2, which gives TE=-0.025, which suggests that AD decreases when T2DM increases. The DE =-0.182, which suggests that increasing T2DM leads to a decrease in AD even without the mediating variable of vanillic acid glycine levels. The ME for vanillic acid glycine levels was -0.023 (95%CI: -0.066-0.021), which suggests that an increase in T2DM leads to a decrease in AD through vanillic acid glycine leads to a decrease in AD.





4 Discussion

Our research indicates the possible lack of a causal relationship between T2DM and AD, suggesting that T2DM may not play a protective role in AD. Supposing a causal relationship does exist between T2DM and AD, our findings propose that T2DM could serve as a protective factor, with vanillic acid glycine acting as a mediator to enhance this protective impact.

Numerous observational studies and meta-analyses have been undertaken to explore the association between T2DM and AD. The impact of T2DM on the morbidity of AD was first highlighted by a single center case control study in the United States published by Journal of the American Heart Association (JAHA) in 2012 (3). The study indicated a lower prevalence of T2DM among AD patients, implying that T2DM may mitigate the risk of AD, thus potentially declaring T2DM as a protective factor against AD. Complementing these findings, a meta-analysis collecting for six relevant case control studies was published in Angiology in 2017, confirming a negative correlation between T2DM and AD (4). A subsequent large cohort study by JAHA in 2018 (35), possibly the most extensive of its kind, also evidenced a negative correlation between T2DM and AD, drawing from a massive sample size comprising 448,319 T2DM patients and 2,251,015 control participants spanning from 1998 to 2015. The revelation came with the data showing that T2DM patients had a 47% reduced relative risk of AD when compared to the control group (hazard ratio=0.53, 95% CI: 0.42-0.65, P<0.0001). Nonetheless, these studies fail to provide a reason for the increasing prevalence of both T2DM and AD in recent years (36, 37). Logically, if T2DM does serve as a protective factor, the incidence of AD should have either dropped or remained static as T2DM cases rose. This question was also raised by the famous scholar, Nienaber, in 2021 (38). A recent meta-analysis collecting for 14 relevant studies suggests yet again that T2DM could protect against AD, although the study’s high heterogeneity (I2 = 86.5%) and unprobed source of heterogeneity could lead to a biased conclusion (39). Furthermore, a subgroup analysis of population groups exhibited varied results: among non-Chinese populations, T2DM could serve as a protective factor (OR=0.45, 95%CI: 0.27-0.74, I2 = 58.4%), whereas no such association, coupled with high heterogeneity, was observed among Chinese populations (OR=0.59, 95%CI: 0.26-1.33, I2 = 93.5%). These observations indicate potential population-based variations on the influence of T2DM on the incidence of AD, particularly pointing to the unlikely protective factor of T2DM against AD in the Chinese population.

Regarding the prognostic influence of T2DM on AD patients, Avdic et al. (35) observed the mortality rate among T2DM patients remained unchanged within 2 years post-hospitalization for AD. Similarly, He et al. (40) categorized AD patients from a Chinese cohort based on T2DM, and found no statistical significance in the in-hospital mortality rates between these two groups. In alignment with this finding, Chen et al. (41) also reported no significant difference in the 30-day mortality rate between AD patients with or without T2DM. Even over a median follow-up period of 21.3 months, mortality rates did not significantly differ between the two groups, as confirmed by a multifactorial COX regression analysis. However, there were conflicting results from Jiménez-Trujillo et al. (42) where a Spanish cohort showed significantly lower in-hospital mortality in AD patients with T2DM. Liu et al. (43) reviewed aortic endovascular repair (TEVAR) outcomes in AD patients with T2DM and found a significant reduction in postoperative mortality and clinical complications over a 3-year follow-up period. Based on these varying findings, a consistent conclusion regarding the influence of T2DM on the prognosis of AD patients remains elusive.

The observational studies mentioned above are inevitably affected by potential confounders and reverse causality. This is where MR analysis can take full advantage of its strengths and provide important clues. To the best of our knowledge, our study is the first to explore the causal relationship between T2DM and AD through MR analysis. In this study, we avoided the selection bias brought about by the artificial selection of appropriate data sets by using the scheme of analyzing 27 T2DM data sets one by one. We also used 2 AD datasets for mutual validation, which resulted in higher reliability and stability of the conclusions. We also excluded the effect of reverse causality by reverse MR analysis. In our study, only one dataset of T2DM was analyzed to support the existence of a causal relationship between T2DM and AD, and the rest of the datasets did not support this conclusion. This suggests that there may not be a causal relationship between T2DM and AD and that T2DM may not be a protective factor for AD. There are several possible explanations for this. First, it may be related to the small effect of SNPs on T2DM (i.e., they explain only a small fraction of the variance). Second, there may be differences between the “ebi-a-GCST90006934” dataset and other datasets (For example: sample size, population, age, gender composition, etc.). Third, combining the results of previous observational studies and meta-analyses, it can be inferred that the effect of T2DM on AD patients may be achieved more through the acquired environment, behaviors after the disease, and taking medications. The dataset used in this study has a wide time span and covers a wide range of populations, making the conclusions extrapolatable. For the ebi-a-GCST90006934 dataset, we used a mediation analysis to explore the role of 1400 metabolites in the causal relationship between T2DM and AD. We found that if there is a causal relationship between T2DM and AD, T2DM is a protective factor for AD, and that vanillic acid glycine mediates and enhances this protective effect. Although there are fewer studies of vanillic acid glycine in T2DM and AD and the exact mechanism of action is unclear, this may be more exploratory.

Although the relationship between vanillic acid glycine, T2DM, and AD is not clear yet, current studies show that vanillic acid and glycine are protective factors for T2DM (44, 45). Depletion of glycine may expose pancreatic cells to oxidative stress, resulting in the loss of the pancreas’s compensatory mechanism for hyperglycemia (44). The relationship between T2DM and AD is still controversial, and the mechanism is not clear. However, possible explanations include: 1. Diabetes can promote the synthesis and reduce the degradation of the extracellular matrix by reducing the expression of matrix metalloproteinases and increasing advanced glycation end products in the extracellular matrix, while advanced glycation end products help thicken the aortic wall (46). 2. Thiazolidinediones and metformin, and other diabetes drugs can achieve a protective effect against AD by reducing the expression of matrix metalloproteinases in the aortic wall. Therefore, we can hypothesize that due to the reduction of protective factors such as vanillic acid and glycine, the incidence of T2DM increases, while T2DM reduces the incidence of AD through related mechanisms. The relationship between vanillic acid glycine, T2DM, and AD is complex and needs more studies to confirm. In therapeutic decisions and public health interventions, attention can be paid to the changes in vanillic acid and glycine. At the same time, because the relationship between T2DM and AD is still under debate, it can’t be rashly assumed that T2DM is a protective factor for AD, and T2DM still needs to be actively treated.

Limitations of this study: 1. Although our study followed certain criteria to screen the IV, there may be differences in the results obtained if these criteria are changed, which would require a larger amount of data and more analytical methods to be validated. 2. This study screened for metabolites for which there are fewer relevant studies. 3. The number of patients varies widely in AD and T2DM, which may lead to a decrease in statistical efficacy.

The above discussion shows that the relationship between T2DM and AD may be influenced by genetic variation, acquired environment, and different populations at the same time. In addition, both T2DM and AD are diseases with complex pathophysiologic mechanisms, and studies with more perspectives and larger sample sizes are needed to confirm the causal relationship between them.




5 Conclusion

From the perspective of MR analysis, there might not be a causal relationship between T2DM and AD, and T2DM might not be a protective factor for AD. If a causal relationship does exist between T2DM and AD, with T2DM serving as a protective factor, vanillic acid glycine may act as a mediator and enhance such a protective effect.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.





Ethics statement

Ethical approval was not required for the study involving humans in accordance with the local legislation and institutional requirements. Written informed consent to participate in this study was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and the institutional requirements.





Author contributions

WZ: Writing – original draft. JS: Writing – review & editing. HMY: Writing – review & editing. MS: Writing – review & editing. HH: Writing – review & editing. HY: 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

We thank all the researchers for their skillful work and contributions to this manuscript. We want to acknowledge the participants and investigators of the FinnGen study.





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.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2024.1405517/full#supplementary-material




References

1. Isselbacher, EM, Preventza, O, Hamilton Black, J, Augoustides, JG, Beck, AW, Bolen, MA, et al. Acc/Aha guideline for the diagnosis and management of aortic disease: A report of the american heart association/American college of cardiology joint committee on clinical practice guidelines. Circulation. (2022) 146:e334–482. doi: 10.1161/CIR.0000000000001106

2. Tolenaar, JL, Froehlich, W, Jonker, FH, Upchurch, GR Jr., Rampoldi, V, Tsai, TT, et al. Predicting in-hospital mortality in acute type B aortic dissection: evidence from international registry of acute aortic dissection. Circulation. (2014) 130:S45–50. doi: 10.1161/circulationaha.113.007117

3. Prakash, SK, Pedroza, C, Khalil, YA, and Milewicz, DM. Diabetes and reduced risk for thoracic aortic aneurysms and dissections: A nationwide case-control study. J Am Heart Assoc. (2012) 1:jah3–e000323. doi: 10.1161/JAHA.111.000323

4. Takagi, H, Umemoto, T, and Group, A. Negative association of diabetes with thoracic aortic dissection and aneurysm. Angiology. (2017) 68:216–24. doi: 10.1177/0003319716647626

5. Würtz, P, Mäkinen, VP, Soininen, P, Kangas, AJ, Tukiainen, T, Kettunen, J, et al. Metabolic signatures of insulin resistance in 7,098 young adults. Diabetes. (2012) 61:1372–80. doi: 10.2337/db11-1355

6. Davey Smith, G, and Hemani, G. Mendelian randomization: genetic anchors for causal inference in epidemiological studies. Hum Mol Genet. (2014) 23:R89–98. doi: 10.1093/hmg/ddu328

7. Smith, GD, and Ebrahim, S. Mendelian randomization: prospects, potentials, and limitations. Int J Epidemiol. (2004) 33:30–42. doi: 10.1093/ije/dyh132

8. Larsson, SC, Butterworth, AS, and Burgess, S. Mendelian randomization for cardiovascular diseases: principles and applications. Eur Heart J. (2023) 44:4913–24. doi: 10.1093/eurheartj/ehad736

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. ElSayed, NA, Aleppo, G, Bannuru, RR, Bruemmer, D, Collins, BS, Ekhlaspour, L, et al. Diagnosis and classification of diabetes: standards of care in diabetes-2024. Diabetes Care. (2024) 47:S20–s42. doi: 10.2337/dc24-S002

11. Suzuki, K, Hatzikotoulas, K, Southam, L, Taylor, HJ, Yin, X, Lorenz, KM, et al. Genetic drivers of heterogeneity in type 2 diabetes pathophysiology. Nature. (2024) 627:347–57. doi: 10.1038/s41586-024-07019-6

12. Chen, Y, Lu, T, Pettersson-Kymmer, U, Stewart, ID, Butler-Laporte, G, Nakanishi, T, et al. Genomic atlas of the plasma metabolome prioritizes metabolites implicated in human diseases. Nat Genet. (2023) 55:44–53. doi: 10.1038/s41588-022-01270-1

13. Freuer, D, Meisinger, C, and Linseisen, J. Causal relationship between dietary macronutrient composition and anthropometric measures: A bidirectional two-sample mendelian randomization analysis. Clin Nutr. (2021) 40:4120–31. doi: 10.1016/j.clnu.2021.01.047

14. Wootton, RE, Lawn, RB, Millard, LAC, Davies, NM, Taylor, AE, Munafò, MR, et al. Evaluation of the causal effects between subjective wellbeing and cardiometabolic health: mendelian randomisation study. Bmj. (2018) 362:k3788. doi: 10.1136/bmj.k3788

15. Burgess, S, Thompson, SG, and Collaboration, CCG. Avoiding bias from weak instruments in mendelian randomization studies. Int J Epidemiol. (2011) 40:755–64. doi: 10.1093/ije/dyr036

16. Palmer, TM, Lawlor, DA, Harbord, RM, Sheehan, NA, Tobias, JH, Timpson, NJ, et al. Using multiple genetic variants as instrumental variables for modifiable risk factors. Stat Methods Med Res. (2012) 21:223–42. doi: 10.1177/0962280210394459

17. M Lynch, and B Walsh. Genetics and analysis of quantitative traits. Sunderland, Massachusetts, USA: Sinauer Associates, Inc. (1998).

18. Bonàs-Guarch, S, Guindo-Martínez, M, Miguel-Escalada, I, Grarup, N, Sebastian, D, Rodriguez-Fos, E, et al. Re-analysis of public genetic data reveals a rare X-chromosomal variant associated with type 2 diabetes. Nat Commun. (2018) 9:321. doi: 10.1038/s41467-017-02380-9

19. Cai, L, Wheeler, E, Kerrison, ND, Luan, J, Deloukas, P, Franks, PW, et al. Genome-wide association analysis of type 2 diabetes in the epic-interact study. Sci Data. (2020) 7:393. doi: 10.1038/s41597-020-00716-7

20. Dönertaş, HM, Fabian, DK, Valenzuela, MF, Partridge, L, and Thornton, JM. Common genetic associations between age-related diseases. Nat Aging. (2021) 1:400–12. doi: 10.1038/s43587-021-00051-5

21. Gaulton, KJ, Ferreira, T, Lee, Y, Raimondo, A, Mägi, R, Reschen, ME, et al. Genetic fine mapping and genomic annotation defines causal mechanisms at type 2 diabetes susceptibility loci. Nat Genet. (2015) 47:1415–25. doi: 10.1038/ng.3437

22. Loh, M, Zhang, W, Ng, HK, Schmid, K, Lamri, A, Tong, L, et al. Identification of genetic effects underlying type 2 diabetes in south asian and european populations. Commun Biol. (2022) 5:329. doi: 10.1038/s42003-022-03248-5

23. Loh, PR, Kichaev, G, Gazal, S, Schoech, AP, and Price, AL. Mixed-model association for biobank-scale datasets. Nat Genet. (2018) 50:906–8. doi: 10.1038/s41588-018-0144-6

24. Mahajan, A, Go, MJ, Zhang, W, Below, JE, Gaulton, KJ, Ferreira, T, et al. Genome-wide trans-ancestry meta-analysis provides insight into the genetic architecture of type 2 diabetes susceptibility. Nat Genet. (2014) 46:234–44. doi: 10.1038/ng.2897

25. Mahajan, A, Wessel, J, Willems, SM, Zhao, W, Robertson, NR, Chu, AY, et al. Refining the accuracy of validated target identification through coding variant fine-mapping in type 2 diabetes. Nat Genet. (2018) 50:559–71. doi: 10.1038/s41588-018-0084-1

26. Mansour Aly, D, Dwivedi, OP, Prasad, RB, Käräjämäki, A, Hjort, R, Thangam, M, et al. Genome-wide association analyses highlight etiological differences underlying newly defined subtypes of diabetes. Nat Genet. (2021) 53:1534–42. doi: 10.1038/s41588-021-00948-2

27. Mbatchou, J, Barnard, L, Backman, J, Marcketta, A, Kosmicki, JA, Ziyatdinov, A, et al. Computationally efficient whole-genome regression for quantitative and binary traits. Nat Genet. (2021) 53:1097–103. doi: 10.1038/s41588-021-00870-7

28. Morris, AP, Voight, BF, Teslovich, TM, Ferreira, T, Segrè, AV, Steinthorsdottir, V, et al. Large-scale association analysis provides insights into the genetic architecture and pathophysiology of type 2 diabetes. Nat Genet. (2012) 44:981–90. doi: 10.1038/ng.2383

29. Sakaue, S, Kanai, M, Tanigawa, Y, Karjalainen, J, Kurki, M, Koshiba, S, et al. A cross-population atlas of genetic associations for 220 human phenotypes. Nat Genet. (2021) 53:1415–24. doi: 10.1038/s41588-021-00931-x

30. Suzuki, K, Akiyama, M, Ishigaki, K, Kanai, M, Hosoe, J, Shojima, N, et al. Identification of 28 new susceptibility loci for type 2 diabetes in the Japanese population. Nat Genet. (2019) 51:379–86. doi: 10.1038/s41588-018-0332-4

31. Wojcik, GL, Graff, M, Nishimura, KK, Tao, R, Haessler, J, Gignoux, CR, et al. Genetic analyses of diverse populations improves discovery for complex traits. Nature. (2019) 570:514–8. doi: 10.1038/s41586-019-1310-4

32. Wood, AR, Tyrrell, J, Beaumont, R, Jones, SE, Tuke, MA, Ruth, KS, et al. Variants in the fto and cdkal1 loci have recessive effects on risk of obesity and type 2 diabetes, respectively. Diabetologia. (2016) 59:1214–21. doi: 10.1007/s00125-016-3908-5

33. Xue, A, Wu, Y, Zhu, Z, Zhang, F, Kemper, KE, Zheng, Z, et al. Genome-wide association analyses identify 143 risk variants and putative regulatory mechanisms for type 2 diabetes. Nat Commun. (2018) 9:2941. doi: 10.1038/s41467-018-04951-w

34. 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

35. Avdic, T, Franzén, S, Zarrouk, M, Acosta, S, Nilsson, P, Gottsäter, A, et al. Reduced long-term risk of aortic aneurysm and aortic dissection among individuals with type 2 diabetes mellitus: A nationwide observational study. J Am Heart Assoc. (2018) 7:e007618. doi: 10.1161/JAHA.117.007618

36. Ong, KL, Stafford, LK, McLaughlin, SA, Boyko, EJ, Vollset, SE, Smith, AE, et al. Global, regional, and national burden of diabetes from 1990 to 2021, with projections of prevalence to 2050: A systematic analysis for the global burden of disease study 2021. Lancet. (2023) 402:203–34. doi: 10.1016/s0140-6736(23)01301-6

37. Bossone, E, and Eagle, KA. Epidemiology and management of aortic disease: aortic aneurysms and acute aortic syndromes. Nat Rev Cardiol. (2021) 18:331–48. doi: 10.1038/s41569-020-00472-6

38. Nienaber, CA. Diabetes mellitus and thoracic aortic disease: are people with diabetes mellitus protected from acute aortic dissection? J Am Heart Association: Cardiovasc Cerebrovascular Dis. (2012) 1:e001404. doi: 10.1161/JAHA.112.001404

39. Zhang, Y, Li, Y, Dai, X, Lin, H, and Ma, L. Type 2 diabetes has a protective causal association with thoracic aortic aneurysm: A mendelian randomization study. Diabetol Metab Syndrome. (2023) 15:120. doi: 10.1186/s13098-023-01101-1

40. He, X, Liu, X, Liu, W, Wang, B, Liu, Y, Li, Z, et al. Association between diabetes and risk of aortic dissection: A case-control study in a chinese population. PloS One. (2015) 10:e0142697. doi: 10.1371/journal.pone.0142697

41. Chen, YF, Huang, B, Li, XF, Wang, Z, Fan, SY, and Fan, XH. Clinical features and outcome of acute aortic dissection patients complicating with diabetes. Chin Circ J. (2021) 36:1107–13. doi: 10.3969/j.issn.1000-3614.2021.11.009

42. Jiménez-Trujillo, I, González-Pascual, M, Jiménez-García, R, Hernández-Barrera, V, de Miguel-Yanes, JM, Méndez-Bailón, M, et al. Type 2 diabetes mellitus and thoracic aortic aneurysm and dissection: an observational population-based study in Spain from 2001 to 2012. Med (Baltimore). (2016) 95:e3618. doi: 10.1097/md.0000000000003618

43. Liu, H, Shi, L, Zeng, T, Ji, Q, Shi, Y, Huang, Y, et al. Type 2 diabetes mellitus reduces clinical complications and mortality in stanford type B aortic dissection after thoracic endovascular aortic repair: A 3-year follow-up study. Life Sci. (2019) 230:104–10. doi: 10.1016/j.lfs.2019.05.055

44. Lee, KS, Lee, YH, and Lee, SG. Alanine to glycine ratio is a novel predictive biomarker for type 2 diabetes mellitus. Diabetes Obes Metab. (2024) 26:980–8. doi: 10.1111/dom.15395

45. Singh, B, Kumar, A, Singh, H, Kaur, S, Arora, S, and Singh, B. Protective effect of vanillic acid against diabetes and diabetic nephropathy by attenuating oxidative stress and upregulation of nf-κb, tnf-α and cox-2 proteins in rats. Phytother Res. (2022) 36:1338–52. doi: 10.1002/ptr.7392

46. Climent, E, Benaiges, D, Chillarón, JJ, Flores-Le Roux, JA, and Pedro-Botet, J. Diabetes mellitus as a protective factor of abdominal aortic aneurysm: possible mechanisms. Clin Investig Arterioscler. (2018) 30:181–7. doi: 10.1016/j.arteri.2018.01.002




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 Zhang, Sun, Yu, Shi, Hu and Yuan. 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/fendo-15-1405517-g001.jpg
exposure outcome nsnp method pval OR(95% CI)

T2DM Vanillic acid glycine levels 22 MR Egger 0.055 —— 0.824 (0.685 to 0.992)
22 Weighted median 0.021 rl-1 0.899 (0.821 to 0.984)

22 Inverse variance weighted 0.006 »l* 0.904 (0.841 to 0.972)

22 Simple mode 0.141 m 0.896 (0.779 to 1.031)

22 Weighted mode 0.074 l-I—- 0.896 (0.800 to 1.005)

T2DM Aortic dissection 23 MR Egger 0.444 l—l—*—! 0.853 (0.572 to 1.272)
23 Weighted median 0.046 !—I—i 0.792 (0.630 to 0.996)

23 Inverse variance weighted 0.014 l—I—! 0.815 (0.692 to 0.960)

23 Simple mode 0.518 '—lﬂ—' 0.872 (0.579 to 1.313)

23 Weighted mode 0.137 -—I—~—c 0.773 (0.558 to 1.072)

Vanillic acid glycine levels Aortic dissection 20 MR Egger 0.239 !—*—I——> 1.189 (0.900 to 1.570)
20 Weighted median 0.471 l—l—0 1.105 (0.843 to 1.448)

20 Inverse variance weighted 0.019 l—l—> 1.254 (1.038 to 1.515)

20 Simple mode 0.622 '——I—> 1.121 (0.717 to 1.754)

20 Weighted mode 0.368 -——l—« 1.137 (0.866 to 1.492)






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





OEBPS/Images/fendo.2024.1405517_cover.jpg
& frontiers | Frontiers in Endocrinology

Causal relationship between type 2 diabetes
mellitus and aortic dissection: insights from
two-sample Mendelian randomization and

mediation analysis





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Causal relationship between type 2 diabetes mellitus and aortic dissection: insights from two-sample Mendelian randomization and mediation analysis

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Study design

          



          		

            2.2 Data sources

          



          		

            2.3 Selection of IVs

          



          		

            2.4 MR analysis

          



          		

            2.5 Mediation effects analysis

          



          		

            2.6 Heterogeneity and pleiotropic analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Data collection

          



          		

            3.2 MR analysis

          



          		

            3.3 MR validation

          



          		

            3.4 Selection of mediator from 1400 metabolites

          



          		

            3.5 Mediation effects of mediator

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table1.jpg
10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

GWAS ID

ieu-a-24
ebi-a-GCST005047
ieu-a-26

ieu-a-976

ieu-a-23

ieu-a-25

ieu-a-1090
ebi-a-GCST006867
ebi-a-GCST90029024
ebi-a-GCST007515
ebi-a-GCST007517
ebi-a-GCST005413
ebi-a-GCST005898
bbj-a-153

bbj-a-77
ebi-a-GCST008048
ebi-a-GCST010118
ebi-a-GCST90006934
ebi-a-GCST90018926
ebi-a-GCST90038634
ebi-a-GCST90013892
finn-b-E4_DM2
finn-b-E4_DM2_STRICT
ebi-a-GCST90018706
ebi-a-GCST90026417
ebi-a-GCST90093109
All_Metal_LDSC-CORR_Neff.v2
finn-b-19-AORTDIS

19-AORTDIS

2012

2012

2012

2012

2014

2015

2016

2018

2018

2018

2018

2018

2018

2019

2019

2019

2020

2020

2021

2021

2021

2021

2021

2021

2021

2022

2024

2021

2023

T2DM

T2DM

T2DM

T2DM

T2DM

T2DM

T2DM

T2DM

T2DM

T2DM

T2DM

T2DM

T2DM

T2DM

T2DM

T2DM

T2DM

T2DM

T2DM

T2DM

T2DM

T2DM

T2DM

T2DM

T2DM

T2DM

T2DM

AD

AD

Sources
openGWAS
openGWAS
openGWAS
openGWAS
openGWAS
openGWAS
openGWAS
openGWAS
openGWAS
openGWAS
openGWAS
openGWAS
openGWAS
openGWAS
openGWAS
openGWAS
openGWAS
openGWAS
openGWAS
openGWAS
openGWAS
openGWAS
openGWAS
openGWAS
openGWAS
openGWAS
DIAGRAM
openGWAS

FinnGen

European
European
Mixed
Mixed
Mixed
European
European
European
European
European
European
European
East Asian
East Asian
Hispanic/Latin American
East Asian
European
European
European
European
European
European
East Asian
European
South Asian
Mixed
European

European

149821

69033

69033

64171

110452

84780

120286

655666

468298

298957

298957

70127

20979

210865

191764

20480

433540

22326

490089

484598

406831

215654

212351

177415

12230

50533

2535601

382944

207011

34840

6377

12171

10247

26488

27206

4040

61714

48286

48286

12931

5277

40250

36614

5971

77418

9978

38841

3260

32469

29166

45383

9486

16677

428452

967

470

‘T2DM, type 2 diabetes mellitus; AD, aortic dissection; GWAS, genome-wide association studies; DIAGRAM, Diabetes Genetics Replication and Meta-analysis.

114981

5794

56862

53924

83964

57574

116246

1178

250671

250671

57196

15702

170615

155150

4135

356122

12348

451248

481338

183185

183185

132032

2744

33856

2107149

381977

206541





OEBPS/Images/table2.jpg
Pleiotropy Heterogeneity

Exposure OR P 95%Cl Test Test
P-ple P-het
MR Egger 23 0159 | 0853 0444 | 0572 | -1272
Welghtedl 23 0233 0792 0046 0630 | -099
median
ebi-a- w 23 02055 | 0815 0014 | 0692 | -0.960
GesToopeons | 19-AOKTDIS 0.808 0525
Simple
23 0137 | 0872 0518 | 0579 | -1313
mode
Weighted
23 0257 | 0773 0137 | 0558 | -1072
mode
MR Egger 15 0.098 1103 0103 0988 | -1231
Weighted 15 0.019 1019 0605 | 0948 | -1.095
median
ebi-a- w 15 0.026 1026 0320 0976 | -1079
19-AORTDIS | roe 0172 0.444
Stmple 15 0.016 1016 0831 | 0879 | -1175
mode
Weighted
15 0.107 1113 0160 0966  -1283
mode
MR Egger 23 0003 | 0997 0992 | 0536 | -1853
Weighted 23 0365 0.694 | 0040 = 0490 | -0983
median
ebi-a- finn-b- w 23 029 | 0744 0022 0578 | -0.958 0322 0.281
GCST90006934 | 19-AORTDIS
Simple 23 -0.623 0537 | 0109 | 0259 | -L113
mode
Weighted 23 0279 0757 | 0321 | 0442 | -1.296
mode
MR Egger 2 20193 | 0.824 0055 | 0685 | -0.992
Weighted 2 20106 0.899 0021 | 0821 | -0.984
median
ebi-a- ebi-a- vw 2 20101 0904 0006 | 0841 | -0.972 - -
GCST90006934 GCST90200253 ) :
Simple
2 0109 | 089 0141 | 0779 | -1.031
mode
Weighted
2 0109 | 089 0074 0800 | -1.005
mode
MR Egger 20 0.173 1189 0239 | 0900 | -1570
Weighted 20 0.100 1105 0471 | 0843 | -1448
median
ebi-a- w 20 0.226" 1254 0019 1038 | -1515
e 19-AORTDIS 0.607 0.285
Simple
20 0.114 L121 062 | 0717 | -1754
mode
Weighted
20 0.128 1137 0368 0866 | -1492
mode

MR, Mendelian randomization; IVW, Inverse variance weighted; SNP, single nucleotide polymorphism; OR, odds ratio; CI, confidence interval; Pleiotropy Test use Egger intercept method;
Heterogeneity Test use MR-Egger test; a: betal; b: beta2; ¢: beta_all.





