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Objective: Previous observational studies revealed the potential correlation between psychiatric disorders (PDs) and non-tumor gastrointestinal diseases (NTGDs). However, their causation remains unclear.Methods: We explored the causal relationship between PDs and NTGDs through bidirectional two-sample Mendelian randomization (MR) study. Large-scale genome-wide association study (GWAS) summary statistics and bidirectional two-sample MR study were used to assess the causality between PDs and NTGDs. Multiple sensitivity analyses were used to identify the robustness of our results.Results: We found that major depression was causally associated with increased risk of gastric ulcer (OR: 1.812, 95% CI: 1.320–2.487, p < 0.001) and irritable bowel syndrome (OR: 1.645, 95% CI: 1.291–2.097, p < 0.001). Meanwhile, genetically predicted gastroesophageal reflux disease contributed to the increased risk of anxiety disorders (OR: 1.425, 95% CI: 1.295–1.568, p < 0.001), and ulcerative colitis was related to increased risk of attention deficit/hyperactivity disorder (OR: 1.042, 95% CI: 1.008–1.078, p = 0.0157).Conclusion: Our study provided MR evidence to support the close causality and identify the specific direction between eight PDs and eight common NTGDs. Experimental studies to further examine the causality, underlying mechanism, and therapeutic potential of PDs and NTGDs are required.Keywords: causality, GWAS, psychiatric disorders, non-tumor gastrointestinal diseases, Mendelian randomization
INTRODUCTION
Accumulating observational studies indicate the close and complicated relationship between psychiatric disorders (PDs) and non-tumor gastrointestinal diseases (NTGDs). Meanwhile, studies found that most patients with PDs are often accompanied by gastrointestinal symptoms (Kano et al., 2020; Madra et al., 2020), which demonstrates that there is a close bidirectional relationship between the central system and the digestive system, defined as “gut-brain axis.”
According to the literature, the gut and the brain interact with each other through various mechanisms, such as the nervous system, the immune system, the tryptophan metabolism as well as the gut microbiota and their metabolites. On one hand, the psychological state could affect gut homeostasis by altering the autonomic nervous system activity and modulating hormonal secretion. A disturbed psychological state could contribute to the dysregulation of the hypothalamic-pituitary-adrenal axis and the autonomic nervous system, as well as the secretion of pro-inflammatory mediators, which will furtherly facilitate the development of NTGDs (Tavakoli et al., 2021). On the other hand, the intestinal cells and microbiota can produce various bioactive substances that influence the central nervous system (Cryan et al., 2019). The compromised gut barrier and the altered gut microbiota can also result in aberrant secretion of short-chain fatty acids (SCFAs), serotonin, and translocation of gut microbiota, which exert central effects and ultimately contribute to the pathogenesis of PDs (Margolis et al., 2021). Therefore, PDs and NTGDs often co-occur, which has been corroborated by several clinical studies (Rudzki and Maes, 2020; Arp et al., 2022). For instance, depression is positively linked to an increased prevalence of intestinal inflammation and chronic diarrhea (Ballou et al., 2019; Bisgaard et al., 2022). Similarly, patients with inflammatory bowel disease (IBD) have a higher risk of anxiety and depression (Barberio et al., 2021). And some evidence indicates that bipolar disorder (BD) is associated with a higher susceptibility to irritable bowel syndrome (IBS) (Karling et al., 2016). Moreover, therapies based on this association have been widely reported. For example, the use of psychobiotics has been shown to benefit the treatment of depression and anxiety (Cheng et al., 2019), while psychological interventions have shown positive effects in the treatment of both IBD and IBS (Malhi and Mann, 2018; Camilleri, 2021).
However, due to the intricate bidirectional communication and the interplay of disease processes between these two types of diseases, it is challenging to ascertain the direction of causality between PDs and NTGDs solely based on the existing studies, which may lead to several erroneous conclusions of their causal relationship. For instance, some studies indicated that certain psychological factors, e.g., depression and anxiety, elevated the risk and progression of IBD, while others have found no causal association between psychiatric disorders and ulcerative colitis (UC)/Crohn’s disease (CD) (Tavakoli et al., 2021). Meanwhile, some potential confounding factors, e.g., medication use, lifestyle as well as other systemic diseases, can also impair the accuracy of the results from observational studies. Therefore, it remains many limitations for existing studies in elucidating the causal relationship between PDs and NTGDs.
Mendelian randomization (MR) is an emerging method that uses genetic variation as instrumental variables (IVs) to examine the causal effect of risk factors on disease progression. As the sequence of genetic variation and disease has been determined and conforms to the law of gene segregation, reverse causality and confounding factors can be effectively avoided, which makes the results more reliable.
We have observed that previous research has also expounded on the relationship between certain psychiatric disorders and non-tumor gastrointestinal diseases using MR methods. However, most of these studies have primarily focused on a single type of gastrointestinal disease, such as IBD (Yang et al., 2023) or IBS (Zhang et al., 2024). There are also some contradictory results, for instance, Youjie Zeng and others demonstrated that anxiety and depression do not increase the risk of gastroesophageal reflux disease (Zeng et al., 2023), while other experiments have arrived at the opposite conclusion (Chen et al., 2023; Zou et al., 2023). Therefore, in order to more comprehensively explore the potential relationship between the two, we have selected a broader range of psychiatric diseases and gastrointestinal diseases, as well as multiple datasets that differ from those used in previous studies, to provide more robust evidence.
In this study, single nucleotide polymorphisms (SNPs) of eight common PDs [attention deficit/hyperactivity disorder (ADHD), anxiety disorders, depression, major depression (MD), schizophrenia, BD, autism spectrum disorder (ASD)] and eight common NTGDs [gastric ulcer (GU), duodenal ulcer (DU), gastroduodenal ulcer (GDU), gastroesophageal reflux disease (GERD), IBS, IBD, UC, CD] were selected from the genome-wide association study (GWAS) database for a comprehensive bidirectional two-sample MR study to explore the relationship between specific PDs and NTGDs. Our study would provide a novel perspective for investigating the potential pathogenesis of the two types of diseases and the development of promising therapeutic targets.
MATERIALS AND METHODS
Study design
This study utilized a bidirectional two-sample MR to investigate the causal relationship between PDs and NTGDs by using genetic variants as IVs. To ensure the validity of our results, IVs should satisfy the following three assumptions: 1) strong associations with exposure factors; 2) independent from any confounding factors; 3) impact on outcome only through exposure factors. The schematic overview of the study design and data sources is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Workflow of our two-sample bidirectional MR analysis. Firstly, we searched the suitable databases and removed the data that did not meet the criteria of our research. Secondly, we further screened IVs in the database from the first step to ensure that the selected IVs met the requirements. Thirdly, to make the IVs screened in the previous step conform to the three assumptions (a. IVs are closely related to exposure; b. IVs are not associated with any confounding factors that affect the exposure-outcome association; c. IVs do not affect the outcome unless via the exposure.), we removed the IVs possibly related with confounding factors to ensure validity. Fourthly, we further excluded palindromic SNPs and harmonized the exposure and outcome datasets using effect allele frequency. Fifthly, we performed the F-statistic to ensure that no weak instruments were used. The above steps completed the identification of IVs, which were essential as the experimental basis for the subsequent research. Finally, we conducted three types of MR causal analyses and four types of sensitivity analyses using the IVs screened in the above steps to ensure that our experimental results were rigorous and reliable. CD, Crohn’s disease; IBD,inflammatory bowel disease; IBS, irritable bowel syndrome; IVs, Instrumental variables; IVW, Inverse-variance-weighted; GERD, gastroesophageal reflux disease; GWAS, genome-wide association study; MR, Mendelian randomization; MR-PRESSO, Mendelian randomization Pleiotropy RESidual Sum and Outlier; SNPs, Single nucleotide polymorphisms; UC, ulcerative colitis.
Data sources and study population
GWAS summary-level data for eight PDs (ADHD, anxiety disorders, depression, MD, schizophrenia, BD and ASD) were obtained from the IEU open GWAS database (https://gwas.mrcieu.ac.uk/, accessed on 10 January 2023). As for NTGDs, we selected GU, DU, GDU, GERD, IBS, and IBD (CD and UC), and assessed their GWAS data to perform MR analysis. All participants were of European ethnicity and ethical approval had been obtained in original studies. Detailed information for above GWAS data is shown in Table 1.
TABLE 1 | The GWAS datasets of these psychiatric disorders and gastrointestinal diseases we selected.
[image: Table 1]Selection of instrumental variables
To ensure the data robustness and validity of results, the quality check was performed to screen SNPs. Firstly, the SNPs were selected from GWAS studies at thresholds for genome-wide significance level (p < 5 × 10−8), which was relaxed to 5 × 10−6 to avoid bias in the case that the number of sufficient SNPs was less than three. Next, R2 > 0.001 and clumping distance <10,000 kb were set as the criteria to eliminate SNPs with linkage disequilibrium. Then, to satisfy the assumptions of IVs, SNPs associated with confounding factors were removed with the help of the phenoscanner website. Finally, we harmonized the exposure and outcome datasets using allele frequencies and removed palindrome SNPs with intermediate allele frequencies.
To avoid the instrument bias in the two-sample model, we assessed the strength of genetic instruments for exposures by F-statistic. The IVs were considered to be non-weak when F > 10. The F-statistic was calculated as F = R2 × [(N − 1 − k)/k] × (1 − R2), where R2 represents the degree to which a particular SNP explains the exposure, N represents the sample size, and k represents the number of SNPs used as IVs. R2 was calculated as R2 = 2 × MAF × (1−MAF) × β2, where MAF represents the minor allele frequency (Palmer et al., 2012).
Statistical analysis
To elucidate the causal relationship between PDs and NTGDs, multiple methods of MR analysis and several sensitivity analyses were adopted. Inverse variance weighted (IVW) was employed as the primary method while weighted median and MR-Egger were used as auxiliary methods. Several sensitivity analyses were also performed to further test and account for horizontal pleiotropy in our MR study. Firstly, we used Cochran’s Q test to verify the heterogeneity of SNPs. Then we used the MR-Egger intercept to spot and remove the SNPs with horizontal pleiotropy. Finally, we also performed leave-one-out sensitivity test and MR-PRESSO (NbDistribution = 3,000; SignifThreshold = 0.05) to evaluate the potential pleiotropy of SNPs.
All estimates of the outcomes above were presented as odds ratio (OR) with their 95% confidence intervals (95% CI) per one standard deviation (SD) increase in the exposures. p < 0.05 was considered the statistical significance of evidence for potential causal effect. All the statistical analyses were performed using the “TwoSampleMR” package (version 0.5.6) and the “MRPRESSO” package (version 1.0) in R version 4.2.2.
RESULTS
Instrumental variables
In the forward MR analysis, we investigated the causal relationships of PDs with NTGDs. We selected at least 9 SNPs for 4 PDs (ADHD, MD, schizophrenia, BD) as IVs at the significance level of p < 5 × 10−8 and at least 1 SNPs for the other 4 PDs (anxiety disorders, depression, ASD, mental disorder) at the significance level of p < 5 × 10−6. In the reverse MR, the causal effects of NTGDs on PDs were explored. At least 27 SNPs were identified for GERD, IBD, CD and UC as IVs (p < 5 × 10−8) while at least 5 SNPs were screened for DC, GC, GDU, and IBS as IVs (p < 5 × 10−6) (Supplementary Tables S1, S2). The F statistics of these SNPs indicated that there was almost no possibility to suffer from weak instrument bias (F > 10, Supplementary Tables S1-S3).
The results of the main analyses and sensitivity analyses
The overview of our MR analysis was shown in Supplementary Tables S1-S2. We identified 20 causal relationships between 8 PDs and 8 NTGDs by the IVW method. However, only 4 significant results survived after all sensitivity analyses (Figures 2, 3). Cochran’s Q statistics showed that there was no heterogeneity among the SNPs we used (p > 0.05). Neither MR Egger intercept detection nor MR-PRESSO detection found horizontal pleiotropy (p > 0.05). The removal of any SNP in the leave-one-out sensitivity test didn’t affect the results, which indicated that the positive result was not caused by a single SNP, suggesting that the results were robust (Table 2).
[image: Figure 2]FIGURE 2 | Forest plot of the causal relationship between genetically identified PDs and NTGDs in bidirectional MR analysis. IVW, Inverse-variance-weighted; SNPs, Single nucleotide polymorphisms; OR, Odds ratio; CI, confidence interval; GERD, gastroesophageal reflux disease; IBS, irritable bowel syndrome; UC, ulcerative colitis.
[image: Figure 3]FIGURE 3 | Scatter diagram of the causal relationship between genetically identified PDs and NTGDs in bidirectional MR analysis. The estimations (95%CI) were coefficients and corresponding 95% confidence interval. (A) Scatter plot of forward MR analysis results. (B) Scatter plot of reverse MR analysis results.
TABLE 2 | All results of sensitivity analyses between genetically identified psychiatric disorders and gastrointestinal diseases.
[image: Table 2]The MR results for GU
After the forward MR analysis of GU, we found that MD (OR: 1.812, 95% CI: 1.320–2.487, p < 0.001) was associated with the risk of GU (Figures 2, 3; Supplementary Table S1) In all three causal relationship tests, MR-Egger showed results that were consistent with the direction of the results obtained by the other two methods, but not significant (OR = 7.216, p > 0.05). This result survived all sensitivity tests (Table 2). After the reverse MR analysis of GU, we discovered that GU increased the risk of BD (OR: 1.112, 95% CI: 1.001–1.234, p = 0.047). This result survived the tests of pleiotropy and heterogeneity, but failed the leave-one-out sensitivity test (Supplementary Table S2).
The MR results for DU
In the forward MR analysis, no causality had been identified between DU and PDs (Supplementary Table S1). In the reverse MR analysis of DU, we found that DU had a protective effect on schizophrenia (OR: 0.967, 95% CI: 0.936–0.998, p = 0.04). Although the result survived the tests of pleiotropy and heterogeneity smoothly, it failed the leave-one-out sensitivity test (Supplementary Table S2).
The MR results for GDU
After the forward MR analysis of GDU, we found that MD (OR: 1.365, 95% CI: 1.043–1.788, p = 0.0237) was associated with the risk of GDU. This result survived the test of heterogeneity but failed the test of multiplicity and leave-one-out sensitivity test (Supplementary Table S1). After the reverse MR analysis, we discovered that GDU increased the risk of depression (OR: 1.035, 95% CI: 1.007–1.064, p = 0.014). This result survived all the sensitivity analyses except the leave-one-out sensitivity test (Supplementary Table S2).
The MR results for GERD
After the forward MR analysis, three PDs were identified that were causally associated with the risk of GERD, namely ADHD (OR: 1.251, 95% CI: 1.118–1.401, p < 0.001), depression (OR: 1.560, 95% CI: 1.114–2.184, p = 0.01) and MD (OR: 1.929, 95% CI: 1.741–2.138, p < 0.001). All the results above survived the leave-one-out sensitivity test. However, only MD survived the test of multiplicity, and none of them survived the test of heterogeneity (Supplementary Table S1). After the reverse MR analysis of GERD, we discovered that GERD increased the risk of four PD, i.e., ADHD (OR: 2.112, 95% CI: 1.861–2.396, p < 0.001), anxiety disorders (OR: 1.425, 95% CI: 1.295–1.568, p < 0.001), depression (OR: 1.239, 95% CI: 1.196–1.284, p < 0.001) and MD (OR: 1.513, 95% CI: 1.438–1.592, p < 0.001). Among the three analysis methods, MR-Egger showed results that were in the same direction but not significant. All the above four results survived the leave-one-out sensitivity test (Figures 2, 3). However, depression and MD failed both heterogeneity and pleiotropy tests. ADHD survived the pleiotropy test but failed the heterogeneity test. Only anxiety disorders survived all sensitivity tests (Table 2; Supplementary Table S2).
The MR results for IBS
After the forward MR analysis of IBS, MD (OR: 1.645, 95% CI: 1.291–2.097, p < 0.001) and schizophrenia (OR: 1.078, 95% CI: 1.001–1.161, p = 0.0463) were found to be causally associated with an increased risk of IBS (Figures 2, 3; Supplementary Table S1). The MR-Egger result of MD was consistent with the direction of the other methods, but not significant (OR = 1.432, p > 0.05). MD survived all the sensitivity analyses (Table 2). However, schizophrenia failed the test of multiplicity and the leave-one-out sensitivity test (Supplementary Table S1).
The MR results for IBD and its subtypes
After the forward MR analysis of IBD, we confirmed that BD (OR: 1.158, 95% CI: 1.025–1.310, p = 0.0188) and schizophrenia (OR: 1.096, 95% CI: 1.029–1.169, p = 0.0047) increased the risk of IBD. However, in subsequent sensitivity analyses, schizophrenia failed the heterogeneity or pleiotropy test while BD failed the leave-one-out sensitivity test. Forward MR analysis of CD suggested that schizophrenia (OR: 1.100, 95% CI: 1.006–1.203, p = 0.0359) was associated with the increased risk of CD. But this result didn’t survive any sensitivity tests. After the forward MR analysis of UC, we found that two PDs increased the risk of UC, i.e., BD (OR:1.172, 95% CI: 1.017–1.351, p = 0.0287) and schizophrenia (OR: 1.108, 95% CI: 1.025–1.198, p = 0.0097). However, in subsequent sensitivity analyses, schizophrenia didn’t pass heterogeneity or sensitivity analyses while BD didn’t survive the leave-one-out sensitivity test (Supplementary Table S1). Reverse MR analysis of UC suggested that UC increased the risk of ADHD (OR: 1.042, 95% CI: 1.008–1.078, p = 0.0157). The MR-Egger result was not significant, but in the same direction (OR = 1.014, p > 0.05). And the result survived all sensitivity tests (Figures 2, 3; Table 2).
DISCUSSION
In this study, we explored the potential causal associations between eight PDs and eight common NTGDs at the genetic level using MR analyses based on large-scale GWAS summary statistics. On the ground of the forward MR analysis, we discovered that the genetic susceptibility to MD is related to an elevated risk of GU and IBS. And in reverse MR studies, we demonstrated that genetic susceptibility to GERD increased the risk of anxiety. Meanwhile, UC, a subtype of IBD, was found to increase the risk of ADHD. Although the MR-Egger results were not significant, MR-Egger is a conservative method when used as a causal analysis method, and its accuracy and stability are low. When the MR-Egger result has no statistical significance but is consistent with the IVW result, it does not provide additional evidence for the causal effect, but it also does not contradict or reduce the credibility of the original result (Burgess and Thompson, 2017).
Mendelian randomization, as a reliable research method, provides evidence that is second only to randomized controlled trials in terms of reliability, yet it is more expedient, cost-effective, and effectively addresses the ethical barriers encountered in randomized controlled trials. It holds significant value for causal research across various diseases. Based on the principles of Mendelian randomization, we utilized genetic variants associated with the exposure as instrumental variables. The random allocation of genetic alleles mimics the random assignment of groups in a randomized controlled trial, thus ensuring the approximate equal distribution of potential confounding factors between groups. If the genetic variation associated with the exposure correlates with differences in outcomes, a causal relationship between exposure and outcome can be inferred. Moreover, since genetic variations are inherent, the sequence of exposure and outcome is predetermined, effectively mitigating the interference of reverse causation and enhancing the reliability and stability of the study results.
IBS is a kind of functional disorders characterized by the altered gastrointestinal movement and often results in abnormal bowel patterns without any organic lesions (Camilleri, 2021). Epidemiological studies have shown that individuals with MD have a higher incidence of IBS (Ballou et al., 2019). MD is a prevalent psychiatric disorder characterized by a low mood and accompanied by various physical symptoms (Malhi and Mann, 2018). Several studies indicated that MD could affect the development and progression of IBS through multiple mechanisms. Firstly, patients during MD episode showed increased microglial activation which is identified to promote colorectal distension and significantly induce visceral hypersensitivity by animal experiments (Bradesi et al., 2009; Zhang et al., 2016). Furthermore, visceral hypersensitivity might contribute to IBS pathogenesis (Kuiken et al., 2005; Elsenbruch et al., 2010). Besides, MD often contributed to the abnormal activation of several inflammatory factors (Gadad et al., 2018; Beurel et al., 2020) as well as the dysregulation of gut immunity, which further disturbed gut homeostasis and altered the intestinal movement (Ng et al., 2018). Despite the lack of definitive evidence for the precise immune response pattern, numerous studies have demonstrated a strong correlation between IBS and intestinal inflammation (Ng et al., 2018). Furthermore, patients suffering from MD frequently display autonomic dysregulation (Herbsleb et al., 2019), which might further enhance gut sensitivity, stimulate mast cells, lead to cytokine imbalance, and impair intestinal barrier (Stasi et al., 2012). In this MR study, we also demonstrated that MD elevated the likelihood of IBS at the genetic level. Nevertheless, the specific molecular mechanisms remain to be verified by further experiments.
Additionally, our study revealed a causal connection between MD and an elevated risk of GU. GU, a disorder resulting from inflammatory impairments in the gastric mucosa, is intimately associated with various stress factors (Sverdén et al., 2019). An increasing number of researches demonstrated that MD might facilitate GU progression through various mechanisms, e.g., stimulating secretion of gastric acid, impairing the protection of gastric mucosa, enhancing the susceptibility to H. pylori infection, and so forth (Overmier and Murison, 2013). These prior findings provided a robust empirical basis for the validity of the conclusions in our study.
Meanwhile, our research indicated that NTGDs may also have a reciprocal impact on the emergence of some PDs. Firstly, intestinal mucosal cells and gut microbiota could produce metabolites that can directly influence the nervous system or cross the blood-brain barrier, thus affecting the brain. Therefore, disturbed intestinal homeostasis can abnormally activate the brain-gut axis and facilitate PDs development (Cryan et al., 2019). For instance, our MR research revealed that patients with GERD showed a higher risk of anxiety disorders. GERD is a disease caused by the reflux of stomach contents with a variety of concurrent symptoms (Fass, 2022). Patients with GERD always exhibited elevated levels of pro-inflammatory factors in the esophageal mucosa, which might indirectly induce central neuroinflammation and therefore contribute to the pathogenesis of anxiety disorders (He et al., 2022).
Moreover, GERD patients are often accompanied by the gut microbiota alteration, such as the increased abundance of Lactobacillus, which was reported to be positively correlated with anxiety (Simpson et al., 2021). These prior studies support the hypothesis of increased susceptibility to anxiety disorders in patients with GERD. Concomitantly, several observational studies have corroborated our findings (Mohammad et al., 2019; Bai et al., 2021; He et al., 2022). This result highlights the importance of timely treatment in patients with GERD in order to avoid anxiety disorders. Meanwhile, we also found that patients with UC had a higher risk of ADHD. As a subtype of IBD confined to the colonic mucosa and submucosa (Sun et al., 2021), UC patients also existed significant gut microbiota dysbiosis. It might facilitate the onset of ADHD by modulating catecholamine responsiveness and aggravating oxidative stress (Bull-Larsen and Mohajeri, 2019; Boonchooduang et al., 2020; Checa-Ros et al., 2021). However, there remain inconsistent results in previous clinical studies and the sample sizes are obviously limited. The underlying specific mechanisms warrant further investigation.
With the growing interest in the brain-gut axis recently, the link between PDs and NTGDs has been uncovered by an increasing number of studies. However, the presence of confounding factors and bidirectional causality bring challenges to elucidate the true association between the two. In this study, we first utilized large-scale MR analysis to verify the causal relationship and the direction of causality between specific PDs and NTGDs, and evaluated the robustness by conducting multiple sensitivity analyses (e.g., Cochran’s Q test, MR-Egger pleiotropy test, leave-one-out sensitivity test, and MR-PRESSO detection). Our finding would assist in comprehending the intricate interplay between these two types of diseases, and thus provide new insight for investigating the potential pathogenesis and therapeutic targets of PDs and NTGDs.
However, our study still suffers from several limitations. Firstly, due to the lack of relevant statistical data in the disease database we utilized, we were unable to analyze the relationship between mental disorders and NTGDs at different stages. Secondly, we only examined the causal relationships of common psychiatric disorders, potentially overlooking certain types of mental illnesses that might have causal links to digestive disorders. Thirdly, despite efforts to eliminate known common confounders in this experiment, the presence of unknown confounding factors cannot be entirely ruled out, thereby impacting the reliability of the results. Lastly, all the data used in this study are derived from European populations, which might impose certain constraints when extrapolating the results to other ethnicities.
CONCLUSION
To sum up, we uncovered the causal relationship among eight PDs (ADHD, anxiety, depression, MD, schizophrenia, BD, and ASD) and eight NTGDs (GU, DU, GDU, GERD, IBS, IBD, CD, and UC). Our discoveries offer insights into the intricate interplay between two types of diseases and the investigation of the potential pathogenesis and therapeutic targets. However, the specific mechanisms between PDs and NTGDs remain to be further elucidated in the future.
SIGNIFICANT OUTCOMES

• There is the close relationship between psychiatric disorders (PDs) and non-tumor gastrointestinal diseases (NTGDs).
• The genetic susceptibility to major depression is significantly related to the elevated risk of gastric ulcer and irritable bowel syndrome.
• The genetic susceptibility to gastroesophageal reflux disease contributed to the increased risk of anxiety disorders.
LIMITATIONS

• Interaction between PDs and NTGDs at different disease stages failed to be analyzed due to the lack of incomplete information in the databases.
• We only examined the causal relationships of common psychiatric disorders, potentially overlooking certain types of mental illnesses that might have causal links to digestive disorders.
• Despite efforts to eliminate known common confounders in this experiment, the presence of unknown confounding factors cannot be entirely ruled out, thereby impacting the reliability of the results.
• The data used in our experiments was from European populations to avoid population stratification bias but might lead to some constraints to generalizing our findings to other ethnic groups.
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