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Mendelian randomization analysis
reveals causal relationship between
depression, antidepressants and
benign paroxysmal vertigo

Yayun Liao'3, Kejian Zhou'3, Zhiyan Guo?, Lu Qin!, Shan Deng?, Hong Yang?, Baohui Weng?
& Liya Pan'™*

Benign paroxysmal vertigo (BPV) is a common cause of dizziness, and some patients are comorbid
with psychiatric disorders such as depression, requiring intervention with antidepressants. However,
the causal association between BPV, depression and antidepressants has not been clearly established.
We used two-sample bidirectional Mendelian randomization (MR) to analyze the causal association
between BPV, depression, and antidepressants. From a Finnish database, 43,280 patients with
depression and 329,192 controls, and 106,785 patients with antidepressants and 88,536 controls were
selected. Independent single nucleotide polymorphisms (SNPs) for depression and antidepressants
were used as instrumental variables (IVs) with genomic significance (p <5 x 107%). Similarly, genome-
wide association study (GWAS) data for BPV were selected from a Finnish database consisting of 8280
cases and 359,094 controls. Afterwards, a two-sample MR study was performed using R’s Two Sample
MR and MR-PRESSO software packages. The multiplicity and heterogeneity of the data, as well as the
effect of individual SNPs on the results were investigated. The main statistical analyses were weighted
median, weighted mode, MR-Egger and weighted inverse variance weighting (IVW) for random
effects. Finally, we identified associations between BPV, antidepressants and depression. Four outliers
(rs3773087, rs4619804, rs62099231, rs7192848) were found to be associated with depression. After
removing the outliers, the statistics showed no heterogeneity (p > 0.05) and horizontal pleiotropy

(p > 0.05). Antidepressants were also found to have a random effect IVW (B = 0.440; p =9.692 x 1075;
OR=1.553; 95% Cl 1.278-1.887). The inverse MR random effects IVW results showed a causal
association between BPV and antidepressants (B =0.051; p=0.045; OR=1.052; 95% Cl 1.001-1.1066).
In conclusion, there was a significant causal association between antidepressants and BPV at the
genetic level. Clinicians should pay attention to patients with BPV combined with depressive disorders
and develop timely interventions.

Keywords Depression, Antidepressants, Benign paroxysmal vertigo, Genome-wide association study,
Mendelian randomization

Dizziness, as a common disabling symptom, its impact on an individual’s quality of life and socio-economic
impact cannot be ignored. According to statistics, the prevalence of dizziness is about 20-30%, and especially
in patients with vertigo?, suffering from tremendous life stress. The most prevalent peripheral vestibular
dysfunction injury among the vertigo types is benign paroxysmal vertigo (BPV), which is typified by sporadic
episodes of vertigo, nausea, vomiting, and an unsteadiness sensation brought on by head movements®.

BPV is associated with abnormal movement of otolith particles, and otoliths and calcium carbonate particles
exiting the elliptical capsule into one side of the semicircular canals are the main etiologic factor in BPV. BPV
has a lifetime prevalence of 2.4% and can affect people at any stage in life*. The incidence and progression of BPV
have been linked to a number of variables, including old age, head trauma, vitamin D inadequacy, osteoporosis,
and psychosocial problems®. The complex interaction of these factors makes the prevention and treatment of
BPV more complicated.
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Vertigo caused by BPV can lead to anxiety and depression in patients and even affect their sleep, thus forming
a vicious circle. Manual reduction is a non-invasive maneuver designed to reset displaced otoliths in the inner
ear and is the most effective treatment for BPV®. After manual reduction treatment, some BPV patients still
experience dizziness, which means they may have anxiety or depression and require medication. Residual
symptoms such as dizziness and depression are more common in BPV patients treated with antidepressants’.
There is still no consensus on the use of antidepressants for BPV with depression. The causal relationship
between BPV and depressive disorders as well as between BPV and antidepressant treatment remains unclear.

However, the causal relationship between BPV and depressive disorders and whether depression after the
onset of BPV is treated with depression medications remain unclear®. Mendelian randomization (MR) uses
genetic mutations as instrumental variables (IVs)®. MR is helpful in reducing confusion and the likelihood of
drawing false conclusions about reverse causality because the postnatal environment has no effect on these
mutations'®. MR studies usually use publicly available genome-wide association studies (GWAS) to obtain
large samples and to be able to identify additional causal pathways!'!. As a result, MR has emerged as a useful
technique for etiological research investigating causality.

In order to better understand the causal relationship among depression, antidepressants, and BPV and to
offer a fresh viewpoint on the etiology of BPV, this study employed the MR approach to investigate the impact of
depression and antidepressants on the etiology of BPV.

Materials and methods

Depression and antidepressants: GWAS summary data

From the Finnish database, summary GWAS data for depression and antidepressants were retrieved (r9.
ﬁnngen.ﬁ)lz. The depression study included 372,472 individuals from Europe, including 43,280 cases and
329,192 controls, with a total of 20,170,115 single nucleotide polymorphisms (SNPs). The antidepressants
study comprised 195,321 European individuals, 106,785 of whom were in the medication group and 88,536 of
whom were not on medication. Together, these individuals carried a total of 20,160,506 SNPs. The International
Classification of Diseases, Tenth Revision (ICD-10) codes F32 and F33 were used to define depression.

Benign paroxysmal vertigo: GWAS summary data

The Finnish database’s greatest BPV GWAS summary data were chosen (r9.finngen.fi)!2. A total of 367,374
individuals from Europe, including 8280 cases and 359,094 controls, were included in this GWAS database, with
a total of 20,170,074 SNPs. The International Classification of Diseases, Tenth Revision, H81.8 code was used to
define all cases (ICD-10).

Selection of genetic instrumental variants

Depression and antidepressants were the subjects of instrumental variables to research. The three MR analysis
assumptions were satisfied by the instrumental variables used in this study: they had a significant correlation with
exposure factors and had no relationship with confounding variables. Through exposure factors, instrumental
variables have an impact on results. Using a genome-wide significance threshold of p<5x1078, we first
identified SNPs linked to depression and antidepressants. Strong LD-induced linkage disequilibrium between
SNPs was eliminated by clumping distance =10,000 kb and r><0.001. We then excluded SNPs associated with
BPV (p<1x 107°). Next, we determined that female sex, hypertension, hyperlipidemia, diabetes mellitus,
osteoporosis, and vitamin D deficiency were confounding factors linked to BPV>!3-1>, LDlink database was
used to exclude confounding factors'®. The deletion of palindromic SNPs with intermediate allele frequencies
ensured the accuracy of the findings. Simultaneously, SNPs with F-statistics> 10 were chosen as instrumental
variables in order to guarantee a higher correlation between instrumental variables and exposure!”. F=p%
SE? was the formula used to compute the F-statistic'®.R? using the formula R?=(2XEAFX (1—EAF)xf?) /
[ 2xEAFX(1—EAF)xp?) +(2XEAFx (1 —EAF) XN x SE?)]". Ultimately, we were able to identify 15 SNPs
linked to antidepressants and 9 SNPs linked to depression (Supplementary Tables 1 and 3). Before identifying
the SNPs linked to depression, we eliminated one palindrome SNP (rs11756123) and five confounding SNPs
(rs3773087, rs4619804, rs62099231, rs7192848, rs9324959). No SNP was linked to BPV. IVs were derived from
these nine SNPs (F-statistic > 10). Before we discovered SNPs linked to antidepressants, we eliminated three
palindromic SNPs (rs117661209, rs2011374, and rs805826). There were no SNPs linked to BPV after seven
confounding SNPs (rs115493740, rs2011374, rs328301, rs59956089, rs805826, rs9270366, rs9845443) were
eliminated; these 15 SNPs were used as IV (F statistic> 10).

Reverse Mendelian randomization

To assess the likelihood of reverse causality, we performed a reverse MR analysis. In order to investigate the
causal relationship between BPV and depression and antidepressants, BPV was employed as an instrumental
variable. When selecting IVs with a p <5e®, we loosened the selection criteria for SNPs to a p < le™ because
there were only a limited number of SNPs available for reverse MR*. In order to confirm that the included SNPs
still met the IVs requirements, we also calculated the F-statistics for each SNP in the reverse MR analysis, as was
previously mentioned. The specific analysis methods employed were identical to those for the two-sample MR.

Statistical and MR analysis

Association of depression genetic IVs with BPV GWAS

We took nine distinct genetic IVs for depression out of the combined GWAS data set. Independent genetic IV
association with BPV GWAS was shown. (Supplementary Table 1).
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Association of BPV genetic IVs with depression GWAS
In all, 24 distinct genetic IVs were extracted from the pooled BPV GWAS data sets. An independent genetic IV
association with depression (GWAS) was shown. (Supplementary Table 2).

Association of antidepressions genetic IVs with BPV GWAS
From the combined GWAS dataset for antidepressants, we isolated 15 distinct genetic IVs for each. An
independent genetic IV association with BPV GWAS was shown. (Supplementary Table 3).

Association of BPV genetic IVs with antidepressions GWAS
The BPV GWAS pooled data set contained 27 distinct genetic IVs that we separately extracted. Showed an
independent genetic IV association with the antidepressants GWAS. (Supplementary Table 4).

Pleiotropy and heterogeneity test

Using the Two Sample MR and MR-PRESSO packages in R, version 4.3.1, we conducted two-sample MR analyses
for depression, antidepressants, and BPV2!. Horizontal pleiotropy was found using the MR-PRESSO method
and the MR-Egger’s intercept test?2, p>0.05 showed that the GWAS of depression and antidepressants gene
instrumental variables for BPV did not exhibit horizontal pleiotropy. To find heterogeneity in the MR analysis,
Cochran Q statistics (MR-IVW) and Rucker Q statistics (MR-Egger) were employed, and p > 0.05 indicated no
heterogeneity?. Outliers, which typically affect the heterogeneity of the data, were found in our MR analysis
using the MR-PRESSO analysis distortion test. After eliminating outliers, we must reanalyze the data®*.

MR analysis

The causal relationship between depression, antidepressants, and BPV was examined using the MR-Egger,
weighted median, IVW, simple model, and weighted model methods. The IVW results served as our primary
foundation?. Auxiliary judgment was based on the MR-Egger, weighted median, simple pattern, and weighted
pattern methods?®. P <0.05 was considered a statistically significant difference.

Single SNP effect analysis

We expressed each putative causal effect of depression, antidepressants, and BPV separately using “mr” and
“mr_scatter_plot” in R¥. To calculate the single SNP effect size of depression and antidepressants on BPV,
“mr_forest_plot” was utilized?®. To find out if a single SNP had an impact on the causal relationship between
depression, antidepressants, and BPV, “mr_leaveoneout_plot” sensitivity analysis was employed?’.

Results

Pleiotropy and heterogeneity of depression and antidepressants genetic IVs

In our study, we investigated the genetic interplay between depression, antidepression, and BPV using MR
analysis. Initially, we identified four outliers (rs3773087, rs4619804, rs62099231, rs7192848) in the MR analysis
between depression and BPV. However, no outliers were found in the analysis between antidepressants and BPV.
When outliers were eliminated from the MR analysis of depression, antidepressants, and BPV, there was no
longer any horizontal pleiotropy (p > 0.05) or heterogeneity (p>0.05) (Tables 5-8 of Supplementary Material).

There was no correlation between BPV and depression

We found no correlation between BPV and depression. Further MR analysis, conducted after excluding the
outliers, did not reveal any gene-level causal relationship between depression and BPV. The results of the
depression and BPV analyses were as follows: IVW (B =— 0.025; p=0.846; OR=0.976; 95% CI 0.763-1.249),
MR-Egger (B=— 0.461; p=0.587; OR=0.630; 95% CI 0.130-3.050), simple model (B=— 0.224; p=0.443;
OR=0.799; 95% CI 0.475-1.346), weighted model (f=— 0.215; p=0.413; OR=0.806; 95%CI 0.488-1.332),
weighted median (B =— 0.146; p=0.356; OR=10.864; 95% CI 0.632-1.180). These findings suggest that there is
no evidence of a causal relationship between depression and genetic alterations in BPV.

BPV was not associated with depression

By MR analysis, there was no genetic causal effect of BPV on depression. The following were the findings from
the analyses of depression and BPV: IVW ($=0.030; p=0.230; OR=1.030; 95% CI 0.981-1.082), MR-Egger
(B=0.004; p=0.942; OR=1.004; 95% CI 0.906-1.112), simple model (f=0.086; p=0.256; OR=1.090; 95%
CI 0.944-1.257), weighted model (3=0.072; p=0.295; OR=1.075; 95% CI 0.943-1.226), weighted median
(B=0.044; p=1.182; OR=1.045; 95% CI 0.980-1.113). According to our analysis, there is no connection
between depression and genetic variations in BPV.

Antidepressants was associated with BPV

On the other hand, our MR analysis demonstrated a genetic causal effect of antidepressants on BPV.
Antidepressants and BPV analysis showed that IVW (B=0.440; p=9.692 X 107% OR=1.553; 95% CI 1.278-
1.887), MR-Egger (B=1.233; p=3.132x10";; OR=3.432; 95% CI 0.345-34.088), simple model (B=0.216;
p=3.726x107}; OR=1.241;95% CI 0.781-1.972), weighted model (p=0.203; p=4.345x 10"'; OR=1.225; 95%
CI 0.754-1.990), weighted median (p=0.271; p=4.930x 10% OR=1.311; 95% CI 1.004-1.771). Our analysis
concluded that genetic changes are causal between antidepressants and BPV.

BPV was associated with antidepressants
Furthermore, our MR analysis revealed a genetic causal effect of BPV on antidepressants. The results of BPV
and antidepressants analysis were as follows: IVW (=0.051; p=0.045; OR=1.052; 95% CI 1.001-1.106), MR-
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Egger (Bp=— 0.007; p=0.903; OR =0.993; 95% CI 0.894-1.104), simple model (p=0.042; p=0.448; OR = 1.042;
95% CI 0.937-1.160), weighted model (f =0.046; p=0.457; OR=1.047; 95% CI 0.932-1.176), weighted median
(B=0.042; p=0.178; OR=1.042; 95% CI 0.984-1.104). Our analysis concluded that there is a causal relationship
between genetic changes in BPV and the use of antidepressants.

No significant bias in single depression and antidepressants SNP effect

Lastly, our MR analysis did not detect any significant bias in the SNP effects for depression and antidepressants.
Analyses using weighted median, IVW, simple mode, weighted mode, and MR-Egger methods demonstrated
that the impact of antidepressants on depression did not influence BPV for any SNP variation (Fig. 1). The
analysis of the single SNP effect size further demonstrated this point (Fig. 2). Simultaneously, our MR leave-one-
out sensitivity analysis demonstrated that altering any depression or antidepressant SNP by deleting a particular
SNP did not alter the outcomes (Fig. 3).

Discussion

To our knowledge, this is the first two-sample MR analysis of the association between BPV and antidepressant
risk using a large genetic dataset. The MR results support a causal relationship between BPV and antidepressants.
It provides ideas for the clinical management of patients with BPV combined with depression.

We found no significant causal association between BPV and depression. However, there are different views
on the relationship between depression and BPV. Many studies have found that depression levels are generally
higher in BPV patients than in the general population®’. Depressive disorders have been reported to produce
somatic symptoms, including BPV3!. In a population-based cohort study based on Taiwan, the risk of subsequent
development of BPV was 1.55 times higher in patients with depressive disorder than in the general population®.
A national cohort observational study from Korea showed that mood disorders increased the risk of BPV. In the
subgroup analysis, the incidence of BPV in the emotional disorder group was significantly higher than that in the
general population in all age groups and both genders*. This may be associated with proinflammatory cytokines
playing an important role in mood disorders, altering serotonin levels and glutamate receptor activity**->’, and
inducing oxidative stress in endothelial cells, mediating the recurrence of vasospasm, which can be displaced
from the macular epithelium via otoliths, leading to BPV*. These studies suggest an epidemiological association
between depression and BPV.

Studies have found higher rates of comorbid psychiatric disorders in BPV patients®. The risk of depressive
disorder is significantly increased in BPV patients. However, a meta-analysis of BPV and depressive disorder
found that the association between BPV and depressive disorder was not statistically significant®. Our results
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Fig. 1. Individual estimates about the putative causal effect of depression, antidepressants with BPV. (a)
Depression and BPV. (b) BPV and depression. (c) Antidepressants and BPV. (d) BPV and antidepressants.
IVW inverse variance weighted, MR Mendelian randomization, SNP single-nucleotide polymorphism, BPV
benign paroxysmal vertigo.
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Fig. 2. Forest plot of depression, antidepressants associated with BPV. (a) Depression and BPV. (b) BPV and
depression. (c) Antidepressants and BPV. (d) BPV and antidepressants. MR Mendelian randomization, BPV
benign paroxysmal vertigo.

suggest that there is no significant causal relationship between BPV and depression at the genetic level. The
differences in the results of studies on the relationship between BPV and depression may be related to a variety of
factors, including study design, patient population, and interventions. In the future, larger and rigorous clinical
studies may be needed to explore the relationship between BPV and depression.

Dizziness is a common side effect of many antidepressant treatments and may contribute to residual instability
after BPV treatment*!*2. The persistence of residual symptoms after manual reduction of BPV may be related to
age, times of manual reduction, anxiety or depression, and other factors. Residual symptoms were more common
in patients treated with antidepressants’. The unpredictability and uncontrollability of residual symptoms
and vertigo attacks after BPV treatment may aggravate psychological distress and reduce the quality of life of
patients. Some patients need antidepressant treatment to relieve the symptoms of depressive disorder after BPV”.
However, there is no unified consensus on the use of antidepressants for BPV-comorbid depressive disorders.
Our study found a significant causal association between antidepressants and BPV. Due to the high prevalence of
comorbid psychiatric disorders in patients with BPV, this suggests that they may require antidepressants to help
manage the mental health issues associated with vertigo. As a result, there is a potential increased demand for
antidepressants. This may lead to a vicious circle between depressive disorder and vestibular dysfunction, which
seriously affects the quality of life of patients. Therefore, in clinical work, we should pay more attention to the
mental health of BPV patients, determine whether BPV patients are complicated with depression, and provide
psychological counseling rather than direct use of antidepressant drugs.

We examined the causal relationship between depression, antidepressants, and BPV onset. At the same time,
we also examined the reverse causality between depression, antidepressants, and BPV. This study is not without
limitations, though. First, the results of our study are only applicable to individuals with European ancestry, and
this limits the generalizability of the findings. Thus, further research utilizing larger ethnic data sets might be
required to evaluate the generalizability of our findings to other ethnic groups. Second, there is no guarantee that
the SNPs will be specific in identifying particular symptoms and the severity of BPV. Furthermore, a prospective
randomized controlled trial was not carried out in our study to confirm the effectiveness of antidepressant-
focused interventions for the treatment of BPV. As consequently, the possible benefit of reducing antidepressant
use in treating BPV-comorbid depressive disorders could not be determined by our research. Our findings
are drawn from a genetic standpoint and are meant to provide clinicians with insight into potential treatment
options.
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Conclusions

Using Mendelian randomization techniques, we have demonstrated a significant genetic causal association
between antidepressants and BPV. This has prompted us to strengthen our focus on mental health issues in
patients with BPV in our clinical practice, to assess psychiatric disorders at an early stage, and to work with
mental health professionals to provide a more comprehensive treatment program, if necessary. In addition, the
biological basis of this association should be studied in greater depth in the future to elucidate the underlying
mechanisms.

Data availability

You can find all the datasets created and/or examined in this study in the FinnGen repository (https://r9.finng
en.fi). The website (https://mrcieu.github.io/TwoSampleMR/articles/index.html) has the R code that has been
analyzed.
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