

[image: The harmful effect of ankylosing spondylitis on diabetes mellitus: new evidence from the Mendelian randomization analysis]
The harmful effect of ankylosing spondylitis on diabetes mellitus: new evidence from the Mendelian randomization analysis





ORIGINAL RESEARCH

published: 22 November 2024

doi: 10.3389/fendo.2024.1369466

[image: image2]


The harmful effect of ankylosing spondylitis on diabetes mellitus: new evidence from the Mendelian randomization analysis


Zheng Ren 1†, Liang He 2†, Jing Wang 1†, Li Shu 1, Chenyang Li 3* and Yuan Ma 1*


1 Xinjiang Institute of Spinal Surgery, Sixth Affiliated Hospital of Xinjiang Medical University, Urumqi, China, 2 Institute of General Surgery, Wulumuqi General Hospital of People’s Liberation Army (PLA), Urumqi, China, 3 Micro Operation of the Third People’s Hospital of Xinjiang Uygur Autonomous Region, Urumqi, China




Edited by: 

Evangelia Sarandi, University of Crete, Greece

Reviewed by: 

Ting Lei, Zhejiang University, China

Zewu Zhu, Central South University, China

Saeed Mohammadi, Golestan University of Medical Sciences, Iran

*Correspondence: 

Yuan Ma
 mayuan_xmu@163.com 

Chenyang Li
 lichenyang_xmu@163.com

†These authors have contributed equally to this work


Received: 21 February 2024

Accepted: 30 October 2024

Published: 22 November 2024

Citation:
Ren Z, He L, Wang J, Shu L, Li C and Ma Y (2024) The harmful effect of ankylosing spondylitis on diabetes mellitus: new evidence from the Mendelian randomization analysis. Front. Endocrinol. 15:1369466. doi: 10.3389/fendo.2024.1369466






Background

While observational research has highlighted a possible link between ankylosing spondylitis (AS) and type 2 diabetes (T2DM), the quality of evidence remains limited, and the causal relationship is yet to be established. This study aims to explore the causal link between AS and T2DM, as well as its impact on traits related to glucose metabolism.





Method

To infer a causal relationship between AS and various diabetes-related traits, including type 1 diabetes (T1DM), T2DM, blood glucose levels, fasting glucose, glycated hemoglobin, and fasting insulin, we employed Mendelian randomization (MR) analysis. We sourced GWAS summary data for both exposure and outcome variables from the IEU OpenGWAS database, GWAS Catalog, and FinnGen database. To synthesize the results of the MR analyses, we applied meta-analysis techniques using either a fixed or random effects model. For identifying and excluding instrumental variants (IVs) that exhibit horizontal pleiotropy with the outcomes, we utilized the MR-PRESSO method. Sensitivity analyses were conducted using the MR-Egger method, along with Q and I^2 tests, to ensure the robustness of our findings.





Results

Our analysis revealed a significant association between AS and an increased risk of T1DM with an odds ratio (OR) of 1.5754 (95% CI: 1.2935 to 1.9187) and T2DM with an OR of 1.0519 (95% CI: 1.0059 to 1.1001). Additionally, AS was associated with elevated levels of fasting glucose (beta coefficient = 0.0165, 95% CI: 0.0029 to 0.0301) and blood glucose (beta coefficient = 0.0280, 95% CI: 0.0086 to 0.0474), alongside a decrease in fasting insulin levels (beta coefficient = -0.0190, 95% CI: -0.0330 to -0.0050).





Conclusion

Our findings collectively underscore the detrimental impact of AS on the development of diabetes, highlighting the critical influence of autoimmune disorders in diabetes onset. This provides profound insights into the pathogenesis of diabetes from an immunological standpoint.





Keywords: ankylosing spondylitis, type 1 and 2 diabetes mellitus, glucose metabolism, Mendelian randomization, meta-analysis





Introduction

Ankylosing spondylitis (AS) is classified as an autoimmune condition characterized by chronic inflammation and is often considered a type of spondyloarthritis (SpA) (1). Typically, individuals with AS experience progressive back pain and impairment of axial joints, notably the hips, though peripheral joints may also be affected (2). Beyond joint issues, AS patients frequently contend with extra-articular symptoms such as uveitis, psoriasis, and inflammatory bowel disease (IBD), which accompany the disease’s progression (3). Epidemiological data indicate that AS predominantly emerges around the age of 30, with notable gender disparities in incidence rates and symptomatology (4). For instance, females with AS tend to encounter more severe active phases and fatigue more rapidly compared to males (5). Despite advances in early detection and diagnosis, treating AS remains a considerable challenge due to the complex and not fully understood pathophysiology of the disease (6). The development of AS is influenced by a multifaceted interplay of genetic, environmental, and immunological factors (7). Disruptions in both the innate and adaptive immune systems, triggered by genetic and environmental factors, are crucial in AS’s pathology (8). Growing evidence indicates that the immune dysregulation seen in patients with ankylosing spondylitis (AS) not only impacts joint health but also disrupts the balance of other bodily systems, thereby increasing the risk of various conditions, including inflammatory bowel disease (IBD), myelodysplastic syndrome, and cardiovascular mortality (9–11). Furthermore, the alterations in glucose metabolism associated with ankylosing spondylitis underscore the complexity of this condition beyond its inflammatory symptoms. Understanding these metabolic changes is essential for developing targeted therapies and enhancing patient management strategies (12).

As of now, over 400 million individuals worldwide have been diagnosed with diabetes, and projections suggest this number could rise to 642 million by 2040, representing a significant and growing global public health challenge (13). Diabetes, a chronic condition marked by disturbances in energy metabolism, can be broadly categorized into type 1 diabetes mellitus (T1DM), type 2 diabetes mellitus (T2DM), and other subtypes based on the underlying mechanisms involved (13). T1DM primarily results from autoimmune-mediated damage to the pancreas (14), whereas type 2 diabetes mellitus (T2DM) is often linked to metabolic disturbances related to obesity and unhealthy dietary habits (15). Recent research has highlighted the significant impact of immune system dysregulation in the development of T2DM (16). For instance, studies have indicated that chronic activation of IL-1, a key player in the innate immune response, can adversely affect the development of type 2 diabetes. This is due to elevated levels of IL-1β, which are known to provoke inflammation and impair the function of β-cells (17). Similarly, Biondi and colleagues have documented that thyroid malfunctions stemming from immune disturbances are linked to a heightened risk of diabetes (18). These research findings enhance our comprehension of diabetes’ pathogenesis through the lens of immune-related conditions, indicating a possible connection between autoimmune diseases and diabetes.

Therefore, the detrimental impact of ankylosing spondylitis (AS) on various bodily systems has sparked our curiosity in examining if AS influences diabetes or glucose metabolism in any way. Notably, two observational studies have highlighted a positive correlation between AS and T2DM (19, 20). Nonetheless, the evidence provided by these observational studies is of a low level, and the presence of unforeseen confounding factors could distort their results. Moreover, determining a causal relationship between AS and diabetes based solely on observational data is challenging. Recently, Mendelian randomization (MR) analysis has emerged as a powerful method for exploring the causal links between exposures and outcomes, offering a more reliable approach to understanding these associations (21). In MR analysis, instrumental variables (IVs), which consist of a collection of single nucleotide polymorphisms (SNPs), are used to mimic the exposure condition. This approach is analogous to randomly allocating individuals to either a treatment or control group, as is done in randomized controlled trials (RCTs) (22). Moreover, MR has the advantage over traditional observational epidemiological studies in that it can significantly reduce the impact of confounding factors, thereby diminishing the biases typically associated with observational research (23). MR serves as a valuable tool for understanding the complex interplay between autoimmune diseases and various conditions, including metabolic disorders like sarcopenia (24, 25), bronchiectasis (26), and COVID-19 (27). Additionally, variants in TLR genes have been linked to several autoimmune conditions, including type 1 diabetes (T1D), Graves’ disease, rheumatoid arthritis, systemic lupus erythematosus (SLE), and multiple sclerosis. These SNPs can disrupt essential signaling pathways, contributing to increased susceptibility to autoimmune disorders (28). The insights gained from these studies underscore the importance of genetic factors in determining disease risk and may inform future research directions aimed at developing targeted interventions for individuals with autoimmune disorders. In our research, we utilized a two-sample MR approach to examine the causal link between AS and diabetes. To our knowledge, this is the inaugural study to explore the causal relationship between AS and diabetes using MR analysis, potentially offering crucial insights into the mechanisms underlying diabetes.





Data and methods




Study design

This research aims to uncover the causal relationship between AS and diabetes, including its related traits, through a two-sample MR analysis. Compared to traditional clinical studies, MR utilizes instrumental variables to assess causal relationships between two factors. For topics where conducting clinical research is particularly challenging, MR studies offer a unique advantage as pioneering exploratory tools. Thus, we considered AS as the exposure and outcomes such as T1DM and T2DM, fasting glucose, fasting insulin, blood glucose, and glycated hemoglobin. Genetic instrumental variables (IVs) were selected to represent AS exposure. In cases where multiple datasets were analyzed using MR, a meta-analysis was conducted to aggregate the results of the MR studies. A detailed schematic flowchart outlining the study’s methodology is presented in Figure 1.




Figure 1 | The flow gram of mendelian randomization analysis between ankylosing spondylitis on diabetes mellitus.







Source of GWAS summary dataset

For this study, we utilized the most extensive genome-wide association study (GWAS) summary data available for both the exposure and outcomes, drawing from previous GWAS research. Table 1 illustrates that the exposure GWAS summary data focused on AS, with an IEU GWAS ID of ebi-a-GCST005529 (Ncase=9069) (29). The outcome GWAS summary datasets covered diabetes and its related traits, sourced from the IEU GWAS database (https://gwas.mrcieu.ac.uk/), the FinnGen database (https://www.finngen.fi/en/access_results), and the UK Biobank database (http://www.nealelab.is/faq). These outcome datasets include T1DM, T2DM, blood glucose, fasting glucose, fasting insulin, and glycated hemoglobin, with sample sizes ranging from six thousand to three hundred thousand. To minimize the potential for ethnic stratification bias, our analysis was restricted to the European population. Further details and the summary data used in our study are provided in Table 1.


Table 1 | The datasets used in this study from IEU GWAS database and GWAS Catalog database.







SNP selection and two-sample Mendelian randomization analysis

We employed the inverse variance weighted (IVW) method, augmented with multiplicative random effects, to assess the causal influence of AS on diabetes and related metabolic traits. Single nucleotide polymorphisms (SNPs) from GWAS summary data served as the genetic instruments for MR analysis. It is crucial that three key assumptions are met before proceeding with MR analysis: 1) The genetic instruments must be significantly associated with the exposure, meaning the SNPs chosen for AS must have a p-value less than 5e-8, indicating a strong association with the exposure. 2) The selected SNPs should not have a strong association with the outcomes (diabetes and diabetes-related traits) independent of the exposure, with p-values for these outcomes being greater than 5e-5. 3) The genetic instruments must influence the outcomes solely through their effect on the exposure, ensuring that the identified SNPs impact diabetes and its related traits only via AS. To adhere to these principles, we implemented several strategies for selecting SNPs: 1) We applied an LD clustering algorithm (30) with parameters set to P ≤ 5e-8 and r2 = 0.001 to exclude SNPs that may introduce bias due to linkage disequilibrium (LD), thereby minimizing complex LD effects. 2) We restricted the gene windows of SNPs to 100 kb to enhance the precision of our analysis. 3) To mitigate the risk of pleiotropy, which could skew results, we excluded SNPs if five or more were related to the exposure. 4) We calculated the F-value to evaluate the strength of the association between the IVs and both AS and the diabetes-related traits. A standard F-value of more than 20 was used to identify robustly associated SNPs, ensuring the efficacy of the genetic instruments. These meticulous screening methods for SNPs ensure the integrity and reliability of our MR analysis, following the formula provided in reference (31).

 

Where R2 is represented as instrumental variance, the variate n represents the sample size. The k represented the number of IVs.

When only a single SNP was identified, the Wald ratio method was employed to estimate the causal effect of this specific situation. For instances where the number of SNPs fell between 1 and 3, we implemented a fixed effect model to analyze the data. Conversely, when the number of selected SNPs was 3 or more, we adopted a random effects model alongside the IVW method for MR analysis. The odds ratio (OR) and 95% confidence intervals (CI) were calculated to assess the strength and precision of the causal relationship, with a p-value of less than 0.05 indicating statistical significance. For analyses involving four or more SNPs, the MR-PRESSO test was applied to detect and correct for horizontal pleiotropy, which occurs when genetic variants influence multiple traits in a manner not mediated through the trait of interest. Additionally, to ensure the robustness and reliability of our findings, sensitivity analyses were conducted. These analyses help confirm that the observed associations are not driven by pleiotropic effects of the selected genetic instruments and that the MR results are consistent under different statistical models.





Meta-analysis

To obtain accurate results, we used two types of meta-analysis models in our study: fixed-effect and random-effect models. The choice of model depended on the similarity of the datasets. We used the fixed-effect model when the studies were similar, assuming a consistent effect size across all studies. Conversely, we used the random-effect model when there was significant variability among the studies, accounting for differences both within and between studies. This approach ensures that our conclusions are robust and consider variations in study populations and designs. Our meta-analysis followed the PRISMA guideline (32). Related studies used specific search terms for retrieval from PubMed, Embase, Cochrane Library: (“spondylitis, ankylosing”[MeSH Terms] OR (“spondylitis”[All Fields] AND “ankylosing”[All Fields]) OR “ankylosing spondylitis”[All Fields] OR (“ankylosing”[All Fields] AND “spondylitis”[All Fields])) AND (“diabetes mellitus”[MeSH Terms] OR (“diabetes”[All Fields] AND “mellitus”[All Fields]) OR “diabetes mellitus”[All Fields]).





Sensitivity analysis

To ensure the robustness and validity of the MR analysis investigating the impact of AS on diabetes and its related metabolic traits, we employed a comprehensive suite of statistical tests, including MR-PRESSO, Egger-intercept test, Cochrane’s Q-test, heterogeneity I2, and the leave-one-out sensitivity analysis. The MR-PRESSO test was specifically utilized to identify and adjust for any horizontal pleiotropy within our MR findings, initiating a global test for pleiotropy whenever the p-value fell below 0.05. Subsequent to this analysis, SNPs implicated in horizontal pleiotropy were excluded unless their removal resulted in the absence of SNPs for analysis. The Egger-intercept test was then applied to further probe for pleiotropic effects within the MR framework, with a p-value greater than 0.05 indicating an absence of pleiotropic bias. Additionally, Cochrane’s Q-test and the calculation of heterogeneity I2 were conducted to evaluate the variance in effect sizes across different studies, highlighting significant heterogeneity with p-values less than 0.05 and quantifying it in percentage terms through I2. Finally, the leave-one-out sensitivity analysis was performed to test the influence of individual SNPs on the overall MR results, ensuring the stability and reliability of the causal inference by sequentially removing each SNP and recalculating the MR estimates. These analyses were conducted using the R statistical software, supplemented by various packages tailored for Mendelian randomization studies, thereby providing a thorough and reliable assessment of the causal relationship between AS and diabetes-related outcomes.





Ethical statement

The GWAS summary data utilized in this research were obtained from a public database, originally sourced from published studies. These studies had previously received ethical approval from their respective institutional ethics committees, including the completion of informed consent procedures. Consequently, our study did not require further ethical clearance.






Results




Effect of AS on T1DM

Table 1 provides a summary of the baseline GWAS data on type 1 diabetes, including four datasets that encompass 30,175 individuals with AS and 220,538 controls. Figure 2 illustrates the results from the MR analysis conducted using the IVW method, which revealed a consistently positive association between AS and the risk of T1DM across all datasets. Given the lack of significant heterogeneity among the results from the four MR analyses (I2 = 0%, p=0.94), a fixed-effect model was applied to aggregate the findings. The pooled results from the meta-analysis demonstrated that AS significantly elevates the risk of developing T1DM (OR=1.5754, 95%CI: 1.2935 – 1.9187). Additionally, the MR-Egger, Weighted median, and Weighted mode methods were employed for further analysis (Table 2), all indicating a significantly positive correlation between AS and T1DM across the datasets. Although the MR-Egger method suggested a positive trend, significant heterogeneity was identified in the datasets related to T1DM, prompting the use of the IVW method with multiplicative random effects for MR analysis (detailed in Table 3). The analysis also highlighted SNPs indicative of horizontal pleiotropy with the outcomes (Table 4). Following the identification of these SNPs, they were excluded, and the MR analysis was refined accordingly.




Figure 2 | The mendelian randomization analysis and meta-analysis about the casual effect of ankylosing spondylitis on type 1 and 2 diabetes mellitus.




Table 2 | The Mendelian Randomization analysis between ankylosing spondylitis on diabetes and diabetes-related clinical index based on MR-Egger, Weighted median, and Weighted mode methods.




Table 3 | The sensitivity analysis between ankylosing spondylitis on diabetes and diabetes-related clinical index by MR-PRESSO, Egger intercept, Q-test, and heterogeneity I2 methods.




Table 4 | Genetic instrumental variables detected by the MR-PRESSO method to show pleiotropy with ankylosing spondylitis on type 2 diabetes and glycated hemoglobin.







Effect of AS on T2DM

The analysis incorporated seven GWAS summary datasets related to type 2 diabetes, comprising 319,375 patients and 1,765,138 controls. Figure 2 demonstrates that a significantly positive correlation between AS and T2DM was identified in one of the datasets, with an odds ratio (OR) of 1.0910 and a 95% confidence interval (CI) from 1.0144 to 1.1734. Meanwhile, five datasets displayed a positive association that did not reach statistical significance. Notably, one dataset revealed a non-significant negative correlation between AS and T2DM (OR= 0.92, 95%CI: 0.7928 – 1.0677). Given the lack of heterogeneity among the datasets (I2 = 0, p=0.49), a fixed-effect model was applied to aggregate the results. The pooled analysis from the meta-analysis showed a significantly positive link between AS and T2DM (OR=1.0519, 95%CI: 1.0059 – 1.1001). Subsequent heterogeneity testing indicated the presence of significant heterogeneity in certain datasets. Consequently, the IVW method with multiplicative random effects was employed for the MR analysis. Additionally, MR-PRESSO analysis was conducted to investigate any SNPs indicative of horizontal pleiotropy with the outcomes, which were then excluded from further analysis as detailed in the subsequent study.





Effect of AS on blood glucose, fasting glucose, and glycated hemoglobin

Our analysis further explored the causal relationship between AS and levels of blood glucose and fasting glucose. According to Figure 3, the analysis included three GWAS summary datasets related to blood glucose, encompassing a total of 137,491 participants. Within these datasets, a significantly positive correlation with blood glucose was noted in one dataset (beta = 0.0506, 95%CI: 0.0084 – 0.0928). The remaining two datasets suggested a positive relationship between AS and blood glucose, although these findings did not achieve statistical significance. Owing to the lack of heterogeneity among the datasets, a fixed-effect model was applied to consolidate the MR analysis results. This pooled analysis revealed a significant positive impact of AS on blood glucose levels (beta = 0.0280, 95% CI: 0.0086 – 0.0470). Furthermore, alternative analytical approaches including MR-Egger, Weighted median, and Weighted mode methods did not identify a significant link between AS and blood glucose. Heterogeneity assessments also confirmed the absence of heterogeneity across the studies (Table 3).




Figure 3 | The mendelian randomization analysis and meta-analysis about the casual effect of ankylosing spondylitis on diabetes-related traits.



Figure 3 also highlights the inclusion of three GWAS summary datasets related to fasting glucose for analysis, involving a total of 391,706 participants. Across all datasets, a positive correlation between AS and fasting glucose levels was noted, although these observations did not reach statistical significance. Given the uniformity of the MR analysis results, indicating no heterogeneity, a fixed-effect model was implemented for the meta-analysis. This analysis revealed that AS has a modest but positive impact on fasting glucose levels (OR=0.0165, 95%CI: 0.0029 – 0.0301). Furthermore, while not reaching statistical significance, MR analyses employing MR-Egger, Weighted median, and Weighted mode methodologies similarly suggested a positive relationship between AS and fasting glucose. Heterogeneity tests confirmed the lack of significant heterogeneity (Table 3), and MR-PRESSO analysis did not identify any SNPs indicative of horizontal pleiotropy with the outcomes. In addition, two datasets were analyzed concerning glycated hemoglobin, totaling 490,988 participants. Analysis of the UK Biobank (UKB) dataset indicated a significant increase in glycated hemoglobin levels attributable to AS (beta = 0.0566, 95%CI: 0.0151 – 0.0981), a finding not replicated in the second dataset. Due to detected heterogeneity, a random-effects model was utilized to aggregate MR analysis results, which did not establish a significant overall association. The presence of heterogeneity prompted the use of the IVW method with multiplicative random effects for further analysis. Additionally, any SNPs identified as exhibiting horizontal pleiotropy with outcomes were excluded from the MR analysis (Table 4).





Effect of AS on fasting insulin

Figure 3 details the inclusion of six datasets for analyzing the potential causal relationship between AS and fasting insulin levels, with a collective participation of 393,070 individuals. Among these, a single dataset indicated a positive correlation between AS and fasting insulin, though this did not achieve statistical significance. Conversely, the remaining five datasets exhibited a negative correlation between AS and fasting insulin, again without reaching statistical significance. Owing to the consistent results across the datasets, indicating no significant heterogeneity, a fixed-effect model was employed for the meta-analysis. This analysis suggested that AS might significantly reduce fasting insulin levels (OR=-0.0190, 95%CI: -0.1662, -0.0134). Significant heterogeneity was observed in only one dataset, leading to the application of the IVW method with multiplicative random effects for further MR analysis. The MR-PRESSO analysis did not identify any SNPs indicative of horizontal pleiotropy with respect to fasting insulin levels. Scatter plots illustrating the impact of ankylosing spondylitis on diabetes and its related traits can be found in Supplementary Figures S1, 2.






Discussion

Our analysis revealed a significant association between ankylosing spondylitis (AS) and an increased risk of type 1 diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM). AS was linked to elevated fasting glucose and blood glucose levels, along with a decrease in fasting insulin levels. The study identified a causal relationship between AS and T2DM, as well as an impact on glucose metabolism traits.

Spondyloarthritis (SpA) encompasses a group of related but clinically varied diseases (33). Ankylosing spondylitis (AS) emerges as the most common and severe form of SpA, predominantly targeting the axial skeleton, especially the sacroiliac joints (4). Characterized by inflammatory back pain, AS leads to significant discomfort and functional impairment in the spine and sacroiliac joints, thereby diminishing the quality of life for those affected and imposing a considerable societal and individual burden (34). AS is a condition that should be on the radar for diagnosis among young people presenting with back pain, particularly in young men (35). The early detection of AS poses a challenge but is of paramount importance. The disease is a complex immune-mediated condition with a pathophysiology that remains largely elusive (7). Historical research dating back to 1973 has established a connection between the inheritance of the HLA-B27 allele and AS (36). In recent years, the IL-17A/IL-23 inflammatory axis has gained significant attention (37). Despite the complexity of its etiology, autoimmune mechanisms are believed to play a critical role in the development of AS.

Diabetes can be broadly categorized into the following main types: (1) Type 1 diabetes, (2) Type 2 diabetes, (3) Gestational diabetes mellitus (GDM), and (4) Specific types of diabetes resulting from other causes (38). T1DM is recognized as an autoimmune condition that necessitates lifelong insulin therapy upon diagnosis (39), and it predominantly affects children and adolescents (40). The underlying causes of T1DM are multifaceted and not fully understood (41), with prevailing research indicating that the disease primarily stems from the immune-mediated destruction of insulin-producing β-cells in the pancreas (42). The onset of diabetes is thought to result from a complex interaction of environmental factors, microbiota, genetics, metabolism, and immune responses that differ among individuals (43). Recent studies have pinpointed several genes within the MHC as key loci associated with susceptibility to diabetes (44), highlighting the role of immune mechanisms in the pathogenesis of T1DM.

In recent years, research interest in autoimmune diseases has surged, with both ankylosing spondylitis (AS) and diabetes being recognized within this category. This has led to a growing curiosity about the potential connection between these two conditions. Numerous studies suggest that individuals with AS are at an increased risk of developing diabetes. For instance, research indicates that people diagnosed with AS are more prone to diabetes than those without the condition (45). Additionally, the incidence of diabetes mellitus in the AS population was found to be 1.21 times higher compared to those without AS (19). Specifically, Chen et al. found that AS was associated with an increased risk of type 2 diabetes among the Asian population, with the AS group experiencing a 1.17 times higher incidence of T2DM compared to the non-AS group (20). A cross-sectional study also revealed that 13.64% of AS patients were diagnosed with diabetes mellitus (46). However, it’s important to note that these studies primarily establish an association rather than a direct causative link between AS and diabetes mellitus.

Our research delves into the relationship between AS and diabetes mellitus by employing two-sample MR analysis. Our findings corroborate previous observational studies by demonstrating that AS is associated with an increased risk of both T1DM and T2DM. Additionally, our study uncovers that AS contributes to elevated fasting blood glucose levels and reduced insulin levels. Notably, our analysis suggests an increase in HBA1c levels associated with AS, although this finding did not reach statistical significance. Fasting glucose, fasting insulin, blood glucose, and glycated hemoglobin may be key biomarkers that may reveal important relationships with AS. Elevated fasting glucose and blood glucose levels in AS patients can indicate insulin resistance and impaired glucose metabolism, linking AS to an increased risk of type 2 diabetes. Similarly, altered fasting insulin levels may reflect the body’s response to inflammation associated with AS, potentially contributing to metabolic disturbances. HbA1c serves as a measure of average blood glucose over time; higher levels in AS patients could signify chronic hyperglycemia and a greater risk for diabetes. Monitoring these metabolic parameters is crucial for managing the health of individuals with AS and addressing potential metabolic complications. To the best of our knowledge, this is the first study to establish a causal link between AS and disruptions in glucose metabolism leading to diabetes mellitus, advancing beyond the mere observational associations reported by prior research. However, the underlying mechanisms of interaction between AS and diabetes mellitus demand further exploration. I propose several hypotheses centered around immunological mechanisms to guide future inquiries into this relationship.

The programmed death 1 (PD-1) pathway, including its ligands PD-L1 and PD-L2, is crucial for the inhibitory signaling of T cells. Disruptions in this pathway can lead to autoimmune diseases, such as AS and T1DM (47). For instance, research indicates that AS patients exhibit notably lower levels of PD-1+CD3+ and PD-1+CD4+ T cells (48). In animal models, specifically the L1C transgenic NOD mice that express higher levels of PD-L1, a reduced occurrence of spontaneous diabetes has been observed, suggesting a protective role of PD-L1 against diabetes (49). Dysfunctions in PD-1 and PD-L1 have been associated with increased infiltration of Th1 cells into the pancreatic islets (50), exacerbating the risk of diabetes by promoting a Th1-dominated (IFN-gamma) pancreatic environment (51). Additionally, a meta-analysis highlighted the significance of PD1.5 and PD1.9 polymorphisms in both AS and T1DM (52). Thus, our investigation supports the hypothesis that PD-1 pathway abnormalities contribute to the development of both AS and type 1 diabetes, revealing a potential immunological link between these conditions.

Osteopontin (OPN) serves as a crucial regulator within both innate and adaptive immune responses, acting as a versatile cytokine and adhesion molecule (53). Studies have shown that individuals with ankylosing spondylitis (AS) exhibit elevated levels of OPN compared to healthy controls (54). Furthermore, genetic variations in the OPN gene have been linked to an increased risk of AS among the Han Chinese population (55). Similarly, elevated serum levels of OPN have been observed in adults diagnosed with T1DM (56). While the specific contributions of OPN to the pathophysiology of AS and T1D warrant further exploration, its role has been more thoroughly investigated in other autoimmune conditions, particularly rheumatoid arthritis. This indicates that OPN is a significant factor in the landscape of autoimmune diseases, although the exact mechanisms through which it operates remain to be fully elucidated.

Reactive oxygen species (ROS), produced as byproducts of metabolic activities, are implicated in numerous biological processes, such as inflammation, cancer, and aging (57). There is a growing body of research focusing on the relationship between AS and oxidative stress. Specifically, the underlying mechanisms of AS might involve an elevation in oxidative agents coupled with a reduction in the body’s antioxidant defense capabilities (58). Markers of oxidative stress have been found to be higher in patients with AS (59). There is evidence suggesting that oxidative stress contributes to the development of insulin resistance (60, 61). Insulin resistance is a condition where the body’s cells become less responsive to insulin, impacting the uptake, metabolism, or storage of glucose, and has been associated with AS (62). Previous research indicates that levels of tumor necrosis factor (TNF), interleukin (IL)-1, and IL-6 are elevated in AS and contribute to the onset of insulin resistance (63). Given that insulin resistance is a key factor in the development of diabetes, it is plausible to consider whether oxidative stress, along with the elevated release of IL-1, IL-6, and TNF in AS, could lead to insulin resistance, thereby playing a role in the development of diabetes.

TNF is a critical factor in the pathogenesis of ankylosing spondylitis (AS), leading to the development of TNF-targeting therapies for its treatment (64). These TNF pathways are central to the immune-mediated inflammatory response seen in AS (65). However, treatments that target TNF have been observed to affect metabolic processes, including those involved in glucose metabolism (66). Research by Sidiropoulos indicated that anti-TNF therapy might promote insulin resistance and reduce the activity of glucose transporter protein 4 (67). Conversely, anti-TNF treatment has been associated with a decrease in plasma glucose levels through enhanced insulin sensitivity (68). Furthermore, the risk of diabetes mellitus in AS patients appears to be lower when anti-TNF therapy is combined with hydroxychloroquine (HCQ) (69). This body of research underscores the complex impact of anti-TNF treatments on glucose metabolism, suggesting a potential link between AS management strategies and the development of diabetes.

Recent research has placed the gut microbiome at the forefront of investigations into human autoimmune diseases. The ‘epithelial barrier theory,’ as proposed by Akdis, suggests that microbial dysbiosis and translocation can activate the immune system, leading to inflammatory conditions (70). Metagenomic studies have identified significant changes in the pro-inflammatory gut microbiota of individuals with ankylosing spondylitis (AS), indicating an alteration in the gut microbiota of patients who have not undergone treatment (71). These patients also exhibit dysbiosis, which affects intestinal epithelial and vascular barriers, and an increase in blood zonulin levels, suggesting compromised intestinal barrier function (63). It is estimated that intestinal mucosal inflammation occurs in approximately 70% of individuals with AS (72). The influence of HLA-B27 on the gut microbiota composition in AS has been noted as significant, echoing findings in type 1 diabetes, where distinct microbial compositions have been observed compared to healthy individuals (73). Previous research has identified significant variations in the microbial composition of people with type 1 diabetes compared to healthy controls (74). In cases of diabetes, a breach in the intestinal barrier’s integrity has been linked to T cell-mediated autoimmunity against islet cells (75). Specifically, enteric bacterial infections compromising the intestinal barrier can activate diabetogenic CD8(+) T cells, leading to insulitis (76). The Zonulin family peptide, a key regulator of intestinal tight junctions, is implicated in the development of a permeable intestinal barrier, dysbiosis, and inflammation (77). This evidence underscores the potential role of gut microbiome imbalance in the development of diabetes in individuals with AS.

Our study offers several advantages. Notably, it is among the first to leverage MR analysis to elucidate a causal link between AS and diabetes, with large-scale GWAS providing a refined understanding of their association. The use of MR analysis helps circumvent common pitfalls such as confounders and reverse causation, enhancing the reliability of our findings. However, the study is not without its limitations. A significant constraint is the lack of sex-specific analysis, which is critical given the varied prevalence of autoimmune diseases between genders. Future studies incorporating gender-specific MR analyses could offer more nuanced insights. Additionally, our research focused on European populations, limited by the availability of GWAS data, making our findings less generalizable to other ethnicities. Despite using various methods to assess heterogeneity, the possibility of residual heterogeneity remains. MR heterogeneity, stemming from factors like population differences and study design, must be addressed to improve result accuracy and credibility. Consequently, we cannot definitively conclude whether AS has a direct or indirect association with T1DM or T2DM. Further multivariable MR and mediation analyses are needed to clarify these relationships. In summary, our results lend support to a possible causal relationship between AS and diabetes mellitus. While MR analyses mitigate certain biases and errors, the limitations noted necessitate further investigations into the underlying mechanisms by which AS may contribute to the development of diabetes.





Conclusion

This study discovered, via MR analysis, that AS elevates the risk of both T1DM and T2DM. Additionally, our findings indicate that AS is associated with higher fasting and blood glucose levels, alongside a reduction in fasting insulin. Collectively, these outcomes highlight the detrimental impact of AS on diabetes development, underscoring the critical role of autoimmune disorders in diabetes pathogenesis. This research significantly contributes to our understanding of the immunological mechanisms underlying diabetes development.
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