

[image: image1]
Bidirectional two-sample Mendelian randomization analysis identifies causal associations between migraine and five psychiatric disorders
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Background: The question of whether a correlation exists between migraine and five psychiatric disorders, including posttraumatic stress disorder (PTSD), major depressive disorder (MDD), anorexia nervosa (AN), bipolar disorder (BIP), and schizophrenia (SCZ), remains a matter of controversy. Hence, this research aims to investigate whether there is a possible association between migraine and five psychiatric disorders.

Methods: We performed a bidirectional 2-sample Mendelian randomization (MR) analysis to assess the causality between migraine and five psychiatric disorders. Genetic associations of PTSD, MDD, AN, BIP, and SCZ were obtained from the Psychiatric Genomics Consortium (PGC) database and genetic associations of migraine with aura and migraine without aura were obtained from the FinnGen dataset. We used the inverse-variance weighted (IVW), weighted median, weighted mode, MR Pleiotropy RESidual Sum and Outlier (MR-PRESSO), and MR Egger regression methods to evaluate the association of genetically predicted exposure with the risk of outcome.

Results: MR demonstrated that MDD was associated with a high risk of migraine without aura (OR = 1.930578, 95% confidence interview (CI): 1.224510, 3.043550, p < 0.05), but BIP was related to a low risk of migraine without aura (OR = 0.758650, 95%CI: 0.639601, 0.899858, p < 0.05). According to the results of reverse MR, migraine with aura was associated with a high risk of BIP (OR = 1.019100, 95%CI: 1.002538, 1.035935, p < 0.05), and migraine without aura was associated with an increased risk of AN (OR = 1.055634, 95%CI: 1.023859, 1.088394, p < 0.05).

Conclusion: Our results provide evidence of the potential causal association between migraine and some psychiatric disorders. It may contribute to the prevention of migraine and some psychiatric disorders.
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1 Introduction

Migraine, mainly divided into migraine with aura and migraine without aura, is a common neurological disorder that has been recognized as the first cause of disability in adult populations under 50 years (1). According to the 2016 Global Burden of Disease study, around 1.04 billion people suffer from migraine worldwide, equivalent to a prevalence of 14.4% overall (2). The typical symptom of migraine is recurrent headaches, usually accompanied by photophobia, nausea, and vomiting (3). It not only severely impacts the quality of life of patients, but also is associated with considerable burden for individuals and the health care system (2, 4).

Psychiatric disorders are another leading contributor to disability worldwide. The study estimated that around 30% of individuals suffer from psychiatric disorders in their lifetime (5) and psychiatric disorders contribute nearly 14% of the global burden of disease (6). According to the research about the genetics of migraine, a shared genetic susceptibility is observed between migraine and several psychiatric disorders, including major depressive disorder (MDD), bipolar disorder (BIP), and schizophrenia (SCZ) (7). Moreover, a large body of research indicated that Migraine patients are comorbid with five major psychiatric disorders including posttraumatic stress disorder (PTSD), anorexia nervosa (AN), MDD, BIP, and SCZ (8–12). It is unclear if any causal relationship exists and directionality between them and potential causal relationships between migraine and five major psychiatric disorders have not been researched directly at a population level to the best of our knowledge. Therefore, investigating the relationship and the directionality between migraine and five major psychiatric disorders could be beneficial for reducing the patient risk of comorbidity of migraine and five major psychiatric disorders and improving the management of migraine or psychiatric disorders.

Most randomized controlled trials (RCT) are time-consuming and expensive. Moreover, there are some unavoidable confounding factors that may affect the outcome of RCTs. Mendelian randomization (MR) is an alternative approach to assess the potential causation and the directionality between migraine and five major psychiatric disorders utilizing relevant genetic variants as instruments (13). Because genetic variants are randomly allocated when the process of gamete formation, the effect of confounding factors could be minimized (14). In this study, the two-sample bidirectional MR was performed to clarify whether the relationship and its direction between migraine (migraine with aura and migraine without aura) and five major psychiatric disorders exist by using summary statistics from non-overlapping samples of previous genome-wide association studies (GWAS) of migraine and five major psychiatric disorders.



2 Methods

To assess the causality between migraine (migraine with aura and migraine without aura) and five major psychiatric disorders, the two-sample bidirectional MR was designed. The assumptions of MR design include: (1) the single nucleotide polymorphisms (SNPs) were used as instrumental variables (IVs) for exposure; (2) IVs are not related to the confounders; (3) IVs affect the risk of outcome only by the exposure. Psychiatric disorders were first used as a risk factor and migraine as an outcome, then the reverse, from two non-overlapping datasets. This research was based on the publicly available dataset and the approval of every research can be discovered in the original studies.


2.1 Genetic associated with psychiatric disorders

Genetic associations with five major psychiatric disorders were obtained from the publicly available GWAS among individuals of European ancestry contributed from the Psychiatric Genomics Consortium (PGC) database. The respective sample sizes were as follows: AN (16,992 cases and 55,525 controls), BIP (41,917 cases and 371,549 controls), PTSD (23,212 cases and 151,447 controls), MDD (246,363 cases and 561,190 controls), and SCZ (53,386 cases and 77,258 controls).

The SNPs of exposure, selected as IVs, usually achieved genome-wide significant threshold (p < 5 × 10−8) and the mean F statistic (F). In this study, the significant threshold was used to select SNPs of SCZ, MDD and BIP. Due to insufficient numbers of SNP for the other four psychiatric disorders, an arbitrary threshold of 5 × 10−6 and F > 10 was used to select SNPs for the sufficient number of IVs for AN and PTSD.



2.2 Genetic associated with migraine

The SNPs of migraine among individuals of European ancestry, migraine with aura and migraine without aura, were extracted from the FinnGen dataset. The respective sample sizes were as follows: migraine with aura (3,541 cases and 176,107 controls) and migraine without aura (3,215 cases and 176,107 controls).

Based on the genome-wide significant threshold, there were less numbers of SNPs. Therefore, an arbitrary threshold of 1 × 10−4 and F > 10 was used to select SNPs for the sufficient number of IVs of migraine with aura and migraine without aura. The GWAS IDs of migraine with aura and migraine without aura were finn-b-G6 MIGRAINE WITH AURA and finn-b-G6 MIGRAINE NO AURA.



2.3 Statistical analysis

To remove linkage disequilibrium (LD), the IVs (r2 > 0.01 and distance <10,000 kb) associated with predicted exposures were removed. The SNPs associated with the exposure were extracted from the outcome, if SNPs for the exposure were not extracted, they were further removed. And then, to prevent the influence of confounding factors, the SNPs that have been found to be associated with secondary traits were removed by searching the GWAS Catalog.1 The SNPs included in the final MR analysis were displayed in Supplementary Table S1.

The inverse-variance weighted (IVW), weighted median, weighted mode, and MR Egger regression methods were used to evaluate the association of genetically predicted exposure with the risk of outcome (15). Among them, the IVW was chosen as the main method which calculated the Wald estimates via effect estimates of each IV of exposure and risk of outcome. Weighted median, weighted mode, and MR Egger regression methods were performed to assess the robustness of the association and the presence of directional pleiotropy was identified by using MR-Egger regression (16–19). In addition, the significant outliers will be detected and removed to correct the horizontal pleiotropic effect via MR Pleiotropy RESidual Sum and Outlier (MR PRESSO) test. The Cochran’s Q test was used to examine the heterogeneity of all SNPs from different datasets and the scatter plots were generated (20). Leave-one-out analysis was conducted to assess the potential influence of a particular variant on the estimates by performing an IVW method on remaining SNPs after excluding each SNP. The associations between genetically predicted exposure and risk of outcome were expressed as odds ratios (ORs) with their 95% confidence intervals (CIs).

All statistical analyses were performed with the “TwoSampleMR” and “MR-PRESSO” packages in R software 4.2.1 (21).




3 Results


3.1 Genetically predicted psychiatric disorders on migraine

After removing LD and screening p-value, 55, 54, 50, 22, and 155 SNPs were obtained for AN, BIP, MDD, PTSD, and SCZ, respectively. To avoid the influence of confounding factors, 13, 25, 28, 7, and 60 SNPs were removed for AN, BIP, MDD, PTSD, and SCZ after searching the GWAS Catalog, respectively. All the F of SNPs were above 10, which suggested weak instrument bias was unlikely. Detailed information about the selected SNPs of five mental diseases and two migraine-related phenotypes was listed in Supplementary Table S1.

For BIP as exposure, the IVW result suggested that genetically predicted BIP (OR = 0.758650, 95%CI: 0.639601, 0.899858, p < 0.05) was significantly associated with the risk of migraine without aura. The results of the weighted median were consistent, but no significant association was identified in the MR-Egger model.

In the case of MDD, the IVW result suggested that genetically predicted MDD (OR = 1.930578, 95%CI: 1.224510, 3.043550, p < 0.05) was related to the risk of migraine without aura. Similarly, the results of the weighted median were consistent, but no significant association was identified in the MR-Egger model. No significant association was identified in the other three psychiatric disorders (Figures 1, 2). Detailed information about Mendelian randomization was listed in Table 1.
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FIGURE 1
 Scatter plot of genetic correlation for psychiatric disorders on migraine with aura by different MR analysis methods. (A) The causal effect of anorexia nervosa on migraine with aura; (B) The causal effect of bipolar disorder on migraine with aura; (C) The causal effect of major depressive disorder on migraine with aura; (D) The causal effect of posttraumatic stress disorder on migraine with aura; (E) The causal effect of schizophrenia on migraine with aura.
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FIGURE 2
 Scatter plot of genetic correlation for psychiatric disorders on migraine without aura by different MR analysis methods. (A) The causal effect of anorexia nervosa on migraine without aura; (B) The causal effect of bipolar disorder on migraine without aura; (C) The causal effect of major depressive disorder on migraine without aura; (D) The causal effect of posttraumatic stress disorder on migraine without aura; (E) The causal effect of schizophrenia on migraine without aura.




TABLE 1 Results of MR analysis for psychiatric disorders on migraine.
[image: Table1]

The pleiotropic effect of SCZ on migraine with aura was detected by global test. No pleiotropic effect was detected in other MR analyses (Table 2). The results of Cochran’s Q test indicated that possible heterogeneity was detected in MR analysis of PTSD on migraine with aura. For the visualization of heterogeneity, funnel plots were shown in Supplementary Figures S1, S2. The MR PRESSO test demonstrated the effects were consistent with IVW after detecting and removing significant outliers. The results of the Leave-one-out analysis (Figures 3, 4) showed that significant associations were still observed in all IVW analyses after the exclusion of each SNP and forest plots of MR analysis were shown in Supplementary Figures S3, S4.



TABLE 2 Results of MR Steiger direction test for psychiatric disorders on migraine.
[image: Table2]
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FIGURE 3
 Leave-one-out sensitivity analysis for psychiatric disorders on migraine with aura. (A) The sensitivity analysis for anorexia nervosa on migraine with aura; (B) The sensitivity analysis for bipolar disorder on migraine with aura; (C) The sensitivity analysis for major depressive disorder on migraine with aura; (D) The sensitivity analysis for posttraumatic stress disorder on migraine with aura; (E) The sensitivity analysis for schizophrenia on migraine with aura.
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FIGURE 4
 Leave-one-out sensitivity analysis for psychiatric disorders on migraine without aura. (A) The sensitivity analysis for anorexia nervosa on migraine without aura; (B) The sensitivity analysis for bipolar disorder on migraine without aura; (C) The sensitivity analysis for major depressive disorder on migraine without aura; (D) The sensitivity analysis for posttraumatic stress disorder on migraine without aura; (E) The sensitivity analysis for schizophrenia on migraine without aura.




3.2 Genetically predicted migraine on psychiatric disorders

In reverse Mendelian randomization (Figures 5, 6), 134 SNPs were selected from migraine with aura and 137 SNPs were selected from migraine without aura. All the F of SNPs were above 10, which suggested weak instrument bias was unlikely. The IVW results indicated that migraine with aura was significantly associated with BIP (OR = 1.019100, 95%CI: 1.002538, 1.035935, p < 0.05) and migraine without aura was related to AN (OR = 1.055634, 95%CI: 1.023859, 1.088394, p < 0.05). Moreover, the weighted median results of migraine without aura on AN were in line with the IVW results. Detailed information about reverse Mendelian randomization was listed in Table 3.
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FIGURE 5
 Scatter plot of genetic correlation for migraine with aura on psychiatric disorders by different MR analysis methods. (A) The causal effect of migraine with aura on anorexia nervosa; (B) The causal effect of migraine with aura on bipolar disorder; (C) The causal effect of migraine with aura on major depressive disorder; (D) The causal effect of migraine with aura on posttraumatic stress disorder; (E) The causal effect of migraine with aura on schizophrenia.
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FIGURE 6
 Scatter plot of genetic correlation for migraine without aura on psychiatric disorders by different MR analysis methods. (A) The causal effect of migraine without aura on anorexia nervosa; (B) The causal effect of migraine without aura on bipolar disorder; (C) The causal effect of migraine without aura on major depressive disorder; (D) The causal effect of migraine without aura on posttraumatic stress disorder; (E) The causal effect of migraine without aura on schizophrenia.




TABLE 3 Results of reverse MR analysis for migraine on psychiatric disorders.
[image: Table3]

The possible heterogeneity was observed in MR analysis of migraine with aura on AN, MDD, and SCZ, as well as migraine without aura in relation to the same conditions. The global test identified the pleiotropic effect of migraine with aura on AN, MDD, and SCZ, and migraine without aura on MDD and SCZ. For the visualization of heterogeneity of reverse MR, funnel plots were shown in Supplementary Figures S5, S6. The MR PRESSO test showed that migraine with aura was significantly associated with SCZ after detecting and removing significant outliers, but other effects were consistent with IVW (Table 4). The results of the Leave-one-out analysis (Figures 7, 8) showed that significant associations were still observed in all IVW analyses after the exclusion of each SNP and forest plots of reverse MR analysis were shown in Supplementary Figures S7, S8.



TABLE 4 Results of MR Steiger direction test for migraine on psychiatric disorders.
[image: Table4]
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FIGURE 7
 Leave-one-out sensitivity analysis for migraine with aura on psychiatric disorders. (A) The sensitivity analysis for migraine with aura on anorexia nervosa; (B) The sensitivity analysis for migraine with aura on bipolar disorder; (C) The sensitivity analysis for migraine with aura on major depressive disorder; (D) The sensitivity analysis for migraine with aura on posttraumatic stress disorder; (E) The sensitivity analysis for migraine with aura on schizophrenia.
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FIGURE 8
 Leave-one-out sensitivity analysis for migraine without aura on psychiatric disorders. (A) The sensitivity analysis for migraine without aura on anorexia nervosa; (B) The sensitivity analysis for migraine without aura on bipolar disorder; (C) The sensitivity analysis for migraine without aura on major depressive disorder; (D) The sensitivity analysis for migraine without aura on posttraumatic stress disorder; (E) The sensitivity analysis for migraine without aura on schizophrenia.





4 Discussion

In the present study, bidirectional MR analysis was used to determine the association between five major psychiatric disorders and migraine (migraine without aura and migraine with aura). The evidence indicated that genetically predicted MDD was associated with a high risk of migraine without aura, but BIP was related to a low risk of migraine without aura. According to the results of reverse MR, migraine with aura was associated with a high risk of BIP, and migraine without aura was associated with an increased risk of AN.

Growing evidence from the research indicated that there is a high comorbidity rate between BIP and migraine (22, 23). Unfortunately, migraine was not divided into two different subtypes for the study’s investigation in those research. There are numerous risk factors that overlap between BIP and migraine, such as oxidative stress and disruptions in inflammatory cytokines, especially related to pro-inflammatory and anti-inflammatory factors. Serotonin (5-HT), considered to be associated with migraine and BIP, is involved in behavioral functions including locomotor activity, pain sensitivity, and emotion (24). An imbalance of 5-HT neurotransmitters could potentially lead to various behavioral dysregulations. Research has found that the central 5-HT activity in patients with BIP is reducer than healthy individuals and low levels of 5-HT in the brain are also detected between attacks in migraine patients (25, 26). The function of glutamate is crucial in regulating neuronal excitability, with significant implications for neuroprotection and neuroplasticity in emotional disorders (27). Research has also suggested that glutamate is involved in pain transmission, central sensitization, and cortical diffusion inhibition processes (28, 29). However, Significant upregulation of glutamate levels was observed in the anterior cingulate cortex of patients with BIP and increased concentrations of glutamate have been found in the brain and peripheral circulation of individuals with migraine, particularly during migraine attacks (30). It indicated that the disorder of glutamate system is related to BIP and migraine. Additionally, abnormalities in the dopamine pathway are closely intertwined with these conditions (24). Studies have found that individuals with migraine with aura exhibit higher levels of glutamate intake in their bodies compared to normal individuals, whereas those with migraine without aura demonstrate lower levels of glutamate intake compared to normal individuals (31). If parents experience migraines, there is an increased likelihood of their offspring developing bipolar disorder, even if the parents do not have bipolar disorder themselves (32, 33). It is consistent with our MR results that migraine with aura was associated with a high risk of BIP. However, there is currently no research supporting our other conclusion that BIP was related to a low risk of migraine without aura.

A large Polish migraine cohort study and a study of registry for Migraine found that the proportion of migraine patients with MDD was 20.3% and 10.8%, respectively (34, 35). Moreover, most previous studies indicated a relationship between migraine and MDD (8, 36), but our research only found evidence that MDD was associated with a high risk of migraine without aura. In a study of 272 MDD patients, 26.1% were migraine without aura patients, while only 6.6% were migraine with aura (37). It provided some support for our research results. Previous research has observed a decrease in the dopamine system, an imbalance of the 5-HT neurotransmitters, and genetic polymorphism of the methylenetetrahydrofolate reductase enzyme in individuals with migraine or MDD compared to normal individuals (38, 39). Decreased levels of 5-HT have been identified as significant biomarkers in individuals with MDD, and the clinical symptoms of MDD can be relieved by using 5-HT reuptake inhibitors (40). Moreover, some studies suggested that migraine is possibly induced by low levels of 5-HT, causing a reduction in nociceptive thresholds and an increase in sensitivity (41). These pieces of evidence illustrate that 5-HT disorder is one of the overlapping pathogenesis mechanisms of MDD and migraine. Polymorphisms of the dopamine receptor gene affect the expression of dopamine receptors in the presynaptic membrane. It will affect the release, binding, and reuptake of dopamine in synapses (38). These alterations in synaptic transmission can contribute to the manifestation of symptoms associated with depression and migraine. Moreover, genetic polymorphisms in the methylenetetrahydrofolate reductase enzyme have been linked to migraine and MDD by impacting the development of cortical diffusion inhibition and disrupting methylation in the central nervous system, respectively (39).

According to a study of 109 patients with eating disorders (70% of AN patients and 30% of bulimia nervosa patients), it was found that 81 patients satisfied HIS criteria of migraine, with 55% experiencing migraine without aura and 2.8% experiencing migraine with aura. Additionally, 68% of the patients had a history of migraines before the onset of their eating disorder (10, 42). It aligned with our MR results that migraine without aura was associated with a high risk of AN. Although the pathogeny of eating disorders was still unclear, the plasma levels of dopamine, noradrenaline, tyrosine, and octopamine of patients with eating disorders or migraine were disorderly in comparison to those in healthy individuals (43, 44).

In contrast to conventional research methods, MR not only involved a substantial number of GWAS samples but also minimized the influence of confounding factors and reverse causality, allowing for a more precise assessment of the causal relationships between variables. Furthermore, some ethical issues that conventional research methods cannot avoid were circumvented by MR analysis. However, ethical considerations remain pertinent when working with genetic data, particularly regarding the privacy of patients whose samples are being utilized. Strict confidentiality must be upheld for personally identifiable information to prevent the unauthorized disclosure of patient personal data, which could lead to potential harassment or discrimination against patients and their families. Genetic advancements hold promise in managing genetic diseases and enhancing the overall public health for patients and their families. Nevertheless, it is imperative to address the question of distributive justice, ensuring that patients and their families have access to and can benefit from the research outcomes of genetic discoveries.

There were several limitations in our study. First, all GWAS data used in this study were derived from European ancestry, which may restrict the generalizability of our findings to other populations. Secondly, an arbitrary threshold of 1 × 10−4 was used to select SNPs for the sufficient number of IVs of migraine with aura and migraine without aura. Hence, some of the results of reverse MR were inevitably characterized by a level of pleiotropy. Thirdly, heterogeneity was detected in some results of reverse MR by Cochrane Q-test, but sensitivity analysis indicates that the results are relatively robust.



5 Conclusion

In conclusion, we found evidence that MDD was associated with a high risk of migraine without aura, but BIP was related to a low risk of migraine without aura. Migraine with aura was associated with a high risk of BIP and migraine without aura was associated with an increased risk of AN. Further research is warranted to discover the more specific mechanisms of psychiatric disorders and migraine. This study may provide new insight to prevent psychiatric disorders and migraine.
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SUPPLEMENTARY TABLE S1 | SNPs of psychiatric disorders and migraine.

SUPPLEMENTARY FIGURE S1 | Funnel plot of SNPs. (A) Anorexia nervosa on migraine with aura, (B) bipolar disorder on migraine with aura, (C) major depressive disorder on migraine with aura, (D) post-traumatic stress disorder on migraine with aura, (E) schizophrenia on migraine with aura.

SUPPLEMENTARY FIGURE S2 | Funnel plot of SNPs. (A) Anorexia nervosa on migraine without aura, (B) bipolar disorder on migraine without aura, (C) major depressive disorder on migraine without aura, (D) post-traumatic stress disorder on migraine without aura, (E) schizophrenia on migraine without aura.

SUPPLEMENTARY FIGURE S3 | Forest plot of the causal effect of psychiatric disorders on migraine with aura and associated SNPs.

SUPPLEMENTARY FIGURE S4 | Forest plot of the causal effect of psychiatric disorders on migraine without aura and associated SNPs.

SUPPLEMENTARY FIGURE S5 | Funnel plot of SNPs. (A) Migraine with aura on anorexia nervosa, (B) migraine with aura on bipolar disorder, (C) migraine with aura on major depressive disorder, (D) migraine with aura on post-traumatic stress disorder, (E) migraine with aura on schizophrenia.

SUPPLEMENTARY FIGURE S6 | Funnel plot of SNPs. (A) Migraine without aura on anorexia nervosa, (B) migraine without aura on bipolar disorder, (C) migraine without aura on major depressive disorder, (D) migraine without aura on post-traumatic stress disorder, (E) migraine without aura on schizophrenia.

SUPPLEMENTARY FIGURE S7 | Forest plot of the causal effect of migraine with aura on psychiatric disorders and associated SNPs.

SUPPLEMENTARY FIGURE S8 | Forest plot of the causal effect of migraine without aura on psychiatric disorders and associated SNPs.
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