

[image: image1]
Associations between benign paroxysmal positional vertigo and seven mental disorders: a two-sample Mendelian randomization study
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Background: The association between benign paroxysmal positional vertigo (BPPV) and various mental disorders is still controversial. This study used the Mendelian randomization (MR) method to clarify the correlation between BPPV and seven mental disorders (bipolar disorder, depression, anxiety disorder, schizophrenia, suicidality, neuroticism, and mood swings) to aid in the exploration of BPPV complications and prevention and early treatment of mental disorders.

Methods: The datasets for BPPV and seven mental disorders were obtained from genome-wide association studies (GWASs). Two-sample MR was used to analyze the correlation between exposure (BPPV) and various outcomes (bipolar disorder, depression, anxiety disorder, schizophrenia, suicidality, neuroticism, and mood swings). A reverse MR study was also performed. The inverse variance weighting (IVW) method, the MR–Egger method, the simple mode method, the weighted mode method, and the weighted median method were selected.

Results: The MR analysis and the reverse MR analysis results did not reveal significant associations between BPPV and bipolar disorder, depression, anxiety disorder, schizophrenia, suicidal tendencies, neuroticism, and mood swings. Interestingly, neuroticism (IVW: OR = 1.142, 95% CI: 1.059–1.231, P = 0.001; P-MR-PRESSO adjustment = 0.0002) and mood swings (IVW: OR = 3.119, 95% CI: 1.652–5.884, P = 0.0004) may have a significant association with BPPV. After MR-PRESSO adjustment, there was no horizontal pleiotropy or heterogeneity, and a significant association between neuroticism, mood swings, and BPPV has still been suggested.

Conclusion: We conducted MR analysis on genetic data from European populations and discovered a causal relationship between BPPV and the seven mental disorders. Our research findings suggest that BPPV may not have a significant causal relationship with bipolar disorder, depression, anxiety disorder, schizophrenia, or suicidal tendencies. However, neuroticism and mood swings may be risk factors for BPPV.
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1 Introduction

Benign paroxysmal positional vertigo (BPPV) is the most common cause of vertigo, and 24.1% of patients with dizziness/vertigo have BPPV (1). The underlying mechanism of BPPV may be the displacement of degenerate otoliths into the semicircular canal, resulting in increased sensitivity to head movement, which induces paroxysmal positional vertigo (2). The lifetime incidence of BPPV is as high as 2.4% (3), and BPPV seriously affects the quality of life in affected individuals (4), increases their risk of falls, and reduces their walking speed (5). BPPV has caused a significant medical burden worldwide (6). Therefore, exploring the impact of BPPV on the incidence of other diseases would be highly helpful for informing personalized treatment and improving patient prognosis.

At present, increased attention has been given to mental disorders worldwide. Approximately one in five people experience a common mental disorder in a year (7). Mental disorders lead to a serious decline in the participation rate of affected individuals in the social labor force, and the high cost of treatment seriously affects their quality of life in the later stages of the illness (8, 9). Multiple diseases or behaviors are thought to contribute to an increased prevalence of mental disorders (10–12). Therefore, identifying the risk factors for mental disorders could facilitate early intervention for individuals affected, thereby reducing the impact of mental disorders on both patients and society.

Although vertigo caused by BPPV can be resolved by the implementation of repeated canalith repositioning procedure (CRP), symptoms of vertigo and positional nystagmus in the patient often return (13). However, some studies have suggested that the clinical features of paroxysmal vertigo may induce various mental disorders in patients with BPPV. At present, whether BPPV can increase the risk of various mental disorders in patients is still controversial, and related studies are rare. A cohort study from Taiwan, China, suggested that chronic stress due to paroxysmal vertigo may increase the risk of BPPV-related suicide (14). A survey of the incidence of BPPV in all patients with mood disorders in Korea revealed that mood disorders may be significantly associated with BPPV (15). A recent meta-analysis suggested that BPPV may increase the risk of anxiety, but no significant association between BPPV and depression was found. There were few relevant studies included in this meta-analysis, and the sample size was small; therefore, further research is needed to determine the associations between BPPV and anxiety and depression (16). Similar to anxiety and depression, bipolar disorder and schizophrenia are also common mental disorders (17), and no relevant studies have explored the associations between bipolar disorder and schizophrenia and BPPV. A lower neuroticism score and stable emotions play a certain role in mental health (18, 19). However, recurrent progression of vertigo may lead to greater neuroticism and mood swings in patients (20).

Many studies have explored the association between mental disorders and diseases through Mendelian randomization (MR) (11, 21). MR is used to clarify the association between two traits. Genetic variants are included as instrumental variables. Single-nucleotide polymorphisms (SNPs) are identified from independent genome-wide association study (GWAS) datasets and are subjected to association analysis as instrumental variables (22). The advantages of MR include avoiding the limitations of traditional observational research and eliminating the interference of various confounding factors in the study as much as possible so that the research results have greater credibility. MR studies have improved the statistical power to infer causal relationships between diseases (23). This study aimed to analyze the relationship between BPPV and seven mental disorders (bipolar disorder, depression, anxiety disorder, schizophrenia, suicidality, neuroticism, and mood swings) by using the MR method to clarify whether there is a correlation between BPPV and seven mental disorders. Neuroticism and the presence of mood swings are considered risk factors for mental disorders; therefore, these factors were included in this study to explore the correlation between BPPV and neuroticism and mood swings. The association between BPPV and mental disorders is clarified to improve the timeliness and targeting of the prevention and treatment of both conditions.



2 Methods


2.1 Data sources

In this study, a two-sample MR analysis was used to analyze the relationship between exposure (BPPV) and various outcomes (bipolar disorder, depression, anxiety disorder, schizophrenia, suicidality, neuroticism, and mood swings). Reverse MR was applied to analyze the correlation between exposure (bipolar disorder, depression, anxiety disorder, schizophrenia, suicidality, neuroticism, and mood swings) and an outcome (BPPV). The GWAS datasets used in this study were all obtained from the IEU GWAS database (https://gwas.mrcieu.ac.uk/), from which the datasets for BPPV and bipolar disorder, depression, anxiety, schizophrenia, suicidality, neuroticism, and mood swings were selected. The BPPV dataset was collected from the FinnGen database, which includes genomic and health data collected from 500,000 Finnish biobanks to determine the genetic basis of the disease. The IEU database has obtained the BPPV dataset from the FinnGen database R5 version. The diagnosis criteria in the FinnGen database are based on the Tenth Revision of the International Statistical Classification of Diseases and Related Health Problems (ICD-10). The diagnosis of BPPV requires meeting the diagnostic criteria with the code H81.1 according to the ICD-10. Depression, anxiety disorders, suicidality, neuroticism, and mood swing-related datasets were collected from the UK Biobank, which includes genetic information obtained from more than 500,000 participants from all over the UK. The bipolar disorder and schizophrenia dataset was derived from a GWAS database of patients with bipolar disorder and schizophrenia (24, 25). Detailed information on the GWAS data sources used in our study is provided in Table 1.


TABLE 1 The GWAS data sources.
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2.2 Selection of instrumental variables

The SNPs were selected from the GWAS dataset based on the following conditions: 1. The significance in genome-wide studies to prevent the inclusion of fewer SNPs (P < 5*10−6 was selected as the screening criterion). 2. No linkage disequilibrium was detected between any of the SNPs to preserve SNP independence (r2 <0.001 and 10,000 kb). 3. SNPs with an F-statistic <10 were excluded as they were considered weak instrumental variables. Plus-strand allele inference was then attempted using palindromic allele frequencies.



2.3 Mendelian randomization analysis

The inverse variance weighting (IVW), MR–Egger, simple mode, weighted mode, and weighted median methods were used for data evaluation. IVW obtained a total estimate of the effect of exposure on the outcome by combining the causal estimate of the Wald ratio for each IV, and IVW was used as the primary analysis method (26). The non-zero intercept values shown by the MR–Egger method were mainly used to examine horizontal pleiotropy (27). The weighted median gives an accurate estimate based on the assumption that at least 50% of IVs are effective (28). The simple mode, weighted mode, and weighted median methods were mainly used to verify the reliability and stability of the results. Causality was assessed using the odds ratio (OR) and 95% confidence interval (95% CI) to determine the significance. To strengthen the reliability of this study, the significance was set at 0.05/7 (0.007) according to the Bonferroni correction method.

The MR–Egger method was used to obtain intercept values to evaluate horizontal pleiotropy. The Q-statistic from Cochran's IVW was then used to investigate the impact of heterogeneity. The results of pleiotropic and heterogeneous MR-PRESSO analysis were obtained to remove outlier SNPs from the group and recalculate the MR results.

MR analysis was performed using the TwoSampleMR package in R version 4.2.3 (http://www.r-project.org) (29). The TwoSampleMR package enables online analysis of the association between exposure and outcome datasets through the IEU database.




3 Results


3.1 The results of MR analysis between BPPV and seven mental disorders

The p-value of <5*10−6 was selected as the screening criterion for BPPV-related SNPs. After screening based on the screening criteria, MR analysis was performed, and the F-statistics of the SNPs included in the analysis were all found to be >10, indicating that they were all strong instrumental variables (Supplementary material). All heterogeneity analyses showed results that p > 0.05, which suggested that there was no heterogeneity in the results. No horizontal pleiotropy was found in any of the MR–Egger analyses (P > 0.05). The results suggested that there was no significant association between BPPV and bipolar disorder (IVW: OR = 1.014, 95% CI: 0.940–1.094, P = 0.704), depression (IVW: OR = 0.999, 95% CI: 0.997–1.001, P = 0.449), anxiety disorders (IVW: OR = 1.001, 95% CI: 0.999–1.002, P = 0.054), schizophrenia (IVW: OR = 1.000, 95% CI: 0.949–1.053, P = 0.988), suicidality (IVW: OR = 0.996, 95% CI: 0.947–1.047, P = 0.879), neuroticism (IVW: OR = 1.004, 95% CI: 0.969–1.039, P = 0.818), and mood swings (IVW: OR = 0.996, 95% CI: 0.991–1.001, P = 0.166) (Figures 1, 2). The detailed analysis results are shown in Table 2.
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FIGURE 1
 Summary view of the MR images derived from the IVW, MR–Egger, simple mode, weighted median, and weighted mode methods. (A) The MR analysis results for BPPV and bipolar disorder. (B) The MR analysis results for BPPV and depression. (C) The MR analysis results for BPPV and anxiety disorders. (D) The MR analysis results for BPPV and schizophrenia. (E) The MR analysis results for BPPV and suicidality. (F) The MR analysis results for BPPV and neuroticism. (G) The MR analysis results for BPPV and mood swings.
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FIGURE 2
 The results of the MR analysis between BPPV and mental disorders.



TABLE 2 Results of the MR analysis of BPPV and mental disorders.
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3.2 The results of MR analysis between seven mental disorders and BPPV

The p-value of <5*10−6 was selected as the screening criterion for seven mental disorder-related SNPs. After screening based on the criteria, MR analysis was performed, and the F-statistics of the SNPs included in the analysis were all found to be >10, indicating strong instrumental variables (Supplementary material). No significant association was found in the reverse MR of bipolar disorder (IVW: OR = 1.004, 95% CI: 0.938–1.074, P = 0.902), depression (IVW: OR = 6.995, 95% CI: 0.069–7.004E+02, P = 0.408, P-MR-PRESSO adjustment = 0.147), anxiety (IVW: OR = 3.529E-04, 95% CI: 1.037E-10-1.200E+03, P = 0.300), schizophrenia (IVW: OR = 0.994, 95% CI: 0.944–1.045, P = 0.809), suicidality (IVW: OR = 0.975, 95% CI: 0.730–1.301, P = 0.864), and BPPV. Neuroticism (IVW: OR = 1.142, 95% CI: 1.059–1.231, P = 0.001; P-MR-PRESSO adjustment = 0.0002) and mood swings (IVW: OR = 3.119, 95% CI: 1.652–5.884, P = 0.0004) were significantly associated with BPPV. Horizontal pleiotropy and heterogeneity were detected in the reverse MR analysis of patients with depression and BPPV, and heterogeneity was detected in the inverse variance MR analysis of patients with neuroticism and BPPV. MR analysis was performed again after MR-PRESSO adjustment, and the results showed a lack of horizontal pleiotropy and heterogeneity (Figures 3, 4). The detailed analysis results are shown in Table 3.


[image: Figure 3]
FIGURE 3
 Summary view of the MR images derived from the IVW, MR–Egger, simple mode, weighted median, and weighted mode methods. (MR-PRESSO adjustment) (A) The MR analysis results for bipolar disorder and BPPV. (B) The MR analysis results for depression and BPPV. (C) The MR analysis results for anxiety disorders and BPPV. (D) The MR analysis results for schizophrenia and BPPV. (E) The MR analysis results for suicidality and BPPV. (F) The MR analysis results for neuroticism and BPPV. (G) The MR analysis results for mood swings and BPPV.
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FIGURE 4
 The results of the MR analysis between mental disorders and BPPV.



TABLE 3 Results of the MR analysis of mental disorders and BPPV.
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4 Discussion

In this study, the MR method was used to assess the association between BPPV and seven mental disorders. The results showed that BPPV was not significantly associated with bipolar disorder, depression, anxiety disorders, schizophrenia, or suicidality. Reverse MR analysis indicated that bipolar disorder, depression, anxiety, schizophrenia, and suicidality were not significantly associated with BPPV, while higher neuroticism scores and mood swings may promote the occurrence and development of BPPV. Analyses of horizontal pleiotropy and heterogeneity after MR-PRESSO adjustment did not reveal significant differences, which suggests the reliability of the results.

In related studies analyzing patients with BPPV in Korea, it was found that the risk of developing mood disorders in BPPV patients was significantly greater than that in healthy people (15). The degree of anxiety and depression may reflect the probability of residual dizziness after canalith repositioning (30). At present, the associations between BPPV and anxiety and depression have been studied the most. A recent meta-analysis of 23 studies and 2,902 patients showed that there was a significant association between BPPV and anxiety, but the association between BPPV and depression still needs to be further studied (16). Yang et al. conducted an analysis of 72,569 patients with peripheral vestibular disorders and 217,707 healthy controls in Taiwan and reported that suicidal attempts were strongly associated with BPPV, Meniere's disease, and vestibular neuritis; however, due to the uncertainty of other suicide risk factors, the association between these conditions needs to be further studied (14), and other studies have shown results similar to those in our analyses. Kalderon et al. analyzed the clinical data of 18 patients with BPPV and 18 healthy controls and reported that there may be no difference in anxiety between patients with BPPV and healthy controls (31). In our research, no relevant clinical studies on BPPV or bipolar disorder or schizophrenia were found, and the association between BPPV and the relevance of bipolar disorder and schizophrenia may require further exploration. Psychological distress has been shown to predict the severity of vestibular dysfunction to a certain extent (32). Neuroticism and mood swings, which are common psychological factors (33), may also have a certain effect on BPPV. Several clinical studies have confirmed our results from other perspectives (20, 34, 35). Our results are inconsistent with the results of several clinical analyses, possibly due to the lack of reliability of the results due to the unmeasured confounding factors that often appear in clinical studies of mental disorders or BPPV. Therefore, the results of clinical studies cannot fully reflect the association between these diseases. We used the MR method at the level of genetic analysis to determine the relationship between the two parameters (mental disorders and BPPV), ruling out various confounding factors, and thus improved the reliability of the results (36).

Due to the influence of various factors on the mechanism of BPPV, there may be no significant association between several mental disorders and this disease. Neuroticism and mood swings are more likely to be the risk factors for BPPV compared to other mental disorders. However, the mechanism by which neuroticism and mood swings, as common psychological distress factors, affect the occurrence and development of BPPV is still unclear, and local inflammation due to abnormal psychology could promote the development of BPPV (37, 38). Psychological stress can trigger a systemic stress response, leading to an inflammatory reaction. This regulation of an inflammatory reaction may serve a protective function in the short term, but sustained chronic inflammation stimulation may affect the functioning of the balance receptors in the inner ear, ultimately promoting the development of BPPV (39). Additionally, neuroticism and mood swings may enhance neural network activity, thereby affecting patients' visual balance control (40). Stable visual perception is crucial for individuals with BPPV (41). Further exploration of the relevant mechanisms is needed in the future. A deeper understanding of these mechanisms will aid in the development of more effective treatment strategies and preventive measures for BPPV.

Although our results suggest that there is no significant association between BPPV and five mental disorders (bipolar disorder, depression, anxiety disorder, schizophrenia, and suicidality), BPPV may have some influence on the occurrence and development of the five mental disorders. The underlying mechanisms of BPPV and mental disorders are complex. It is possible that long-term repeated harmful physical stimuli, such as chronic pain, may lead to emotional changes in patients, which may induce mental disorders (42). It has been suggested that somatic imbalance, spatial orientation disorder, nausea, and vomiting caused by recurrent vertigo attacks lead to secondary psychological distress (43). It has also been hypothesized that the cerebellar and vestibular systems play complementary roles in emotion regulation and that long-term maladaptation to the environment may lead to anxiety and depression (44, 45). Hemispheric lateralization may link vestibular systems to systems that process emotions (46). The chronic physical stress caused by BPPV will also continue to affect the hypothalamic–pituitary–adrenal (HPA) axis (47), and disorders of the HPA axis may affect mood in individuals (48). The exploration of the mechanisms underlying the correlation between neuroticism and mood swings and BPPV merits further study because of the association between BPPV and mental disorders, which may be significant for guiding future research on the underlying mechanisms of the associations between psychological states and BPPV.

To date, no MR study has examined the association between BPPV and mental disorders. We used MR analysis in this study to avoid the bias caused by confounding factors and sample size difficulties that occur in traditional clinical research. The reliability and accuracy of the study were improved. MR analysis strengthened the causal relationship and reduced the probability of confounding and reverse causality. This study has some limitations. Because the datasets were obtained from a public database and the patients were of European ancestry, the results of this study were not necessarily generalizable to other regions or ethnic groups. Although we did not find horizontal pleiotropy after adjustment for MR-PRESSO, we cannot completely rule out that horizontal pleiotropy affected the generalizability of our results. Since the datasets used in this study were obtained from a public database, we cannot classify the sample population by age and sex or analyze their correlation more precisely. Although the findings of the study established a causal relationship between BPPV and neuroticism and mood swings, future research should involve additional design interventions targeting the risk factors for BPPV to aid in the development of better prevention for the recurrence of BPPV.



5 Conclusion

In summary, the results of the two-sample MR analysis revealed that BPPV was not significantly associated with five mental disorders (bipolar disorder, depression, anxiety disorders, schizophrenia, and suicidality). Neuroticism and mood swings are more likely to be the risk factors for BPPV. Therefore, we need to pay more attention to the psychological distress in BPPV patients, and we need to treat BPPV and prevent its recurrence. The association between BPPV and mental disorders is clarified to improve the early prevention and treatment of mental disorders and BPPV in clinical research. The findings of this study will help to improve the comprehensive medical management of patients with mental disorders and BPPV in clinical practice and contribute to further revealing the underlying mechanisms of mental disorders and BPPV.
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