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Background: Previous observational studies have suggested a potential link between depression and cervical spondylosis (CS). While
it is known that depression and CS can coexist, the specific relationship between them is not fully understood. We hypothesize that
there may be connections between the two conditions, but the independent causal relationship of depression as a risk factor for CS,
remains uncertain. This particular study has important implications for the future clinical treatment of depression and cervical
spondylosis because Mendelian randomization has not been widely used in this field. We obtained valuable results through big data
analysis and have guiding significance for future research.

Methods: We conducted a two-sample Mendelian randomization (MR) study using data from genome-wide association studies to
investigate the causal relationship between depression and CS in individuals of European ancestry. Additionally, we examined the
impact of CS on susceptibility to depression using large population-level genetic data (number of depression SNPs: 9,761,853; number
of CS SNPs: 9,851,867). The primary approach for data analysis was the inverse-variance weighted (IVW) method to estimate
potential causal effects. Furthermore, we performed sensitivity analyses utilizing methods such as Manhattan plot (CMplot), linkage
disequilibrium (LD), F-filtering, removal of phenoscanner, MR-Egger, weighted median, MR-PRESSO simple mode weighted mode
MR pleiotropy test MR heterogeneity assessment leave-one-out analysis to ensure result robustness.

Results: Our findings indicated that an elevated likelihood of CS was linked to depression [IVW odds ratio (OR): 1.322, 95%
confidence interval (CI): 1.205-1.441, P=0.01243]. There was reciprocal evidence of causation, with the genetic predisposition to
depression significantly heightening susceptibility to CS [IVW odds ratio (OR): 1.426, 95% confidence interval (CI): 1.236-1.651,
P=0.01775].

Conclusion: This investigation provides genetic support for a bidirectional causal association between depression and CS.
Specifically, individuals with depression are at greater risk of developing CS. Addressing depression may serve as an effective
approach in mitigating or preventing the burden of CS and vice versa.

Keywords: depression, bidirectional Mendelian randomization, cervical spondylosis, mental health, genetic correlation analysis,
quality of life

Introduction

Patients diagnosed with cervical spondylosis may present with symptoms such as neck discomfort, radiating pain in the
upper extremities, and gait instability. Diagnosis is typically established through a combination of self-reported
symptoms, X-ray imaging, computed tomography (CT), magnetic resonance imaging (MRI), and comprehensive
physical examination.! Conversely, depression can be identified based on subjective experiences that persist for two to
three weeks—these include sustained low mood, anhedonia, fatigue, sleep disturbances, and appetite changes—as well as
objective assessments of the patient’s behavior and psychological state. Standardized tools such as the Hamilton

Depression Rating Scale and the Self-Rating Depression Scale are also employed in this diagnostic process.
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Furthermore, laboratory tests and thorough physical examinations are essential to exclude other potential underlying
conditions.”

Depression is a mental condition linked to negative health consequences that may occur alongside CS. Despite this
co-occurrence being acknowledged in clinical settings, the underlying connection between depression and cervical
spondylosis remains poorly comprehended. Emotions, sleep patterns, inappropriate mechanical pressures, muscle
rigidity, and the aging of the vertebral body are all factors associated with the onset of CS.

According to the World Health Organization (WHO) in 2019, CS is ranked as the second most prevalent chronic
disease, following closely behind cardiovascular and cerebrovascular diseases.®* This condition is characterized by
progressive degeneration of the cervical vertebral body and intervertebral discs, resulting in spinal imbalance and
compression of cervical vessels, sympathetic nerves, spinal nerve roots, and spinal cord. It manifests as pain in the
neck, shoulder, back, upper limb, head, chest or other symptoms and may even lead to loss of limb function. It is
a chronic disease of middle-aged and older people, and its symptoms include various clinical neurological manifestations.
The etiology and pathology of cervical spondylosis present a complex picture, leading to diverse clinical manifestations
that significantly impact patients’ quality of life. According to the results of an epidemiological survey, 25% of
individuals under 40 years old, 50% of those over 40, and 85% of those over 60 were found to have cervical
degeneration.! In patients with cervical spondylosis, a pronounced inflammatory response was observed during the
advanced stage of disc herniation, characterized by infiltration of CD68-positive macrophages into the outer layer of
annular fibers and a more diffuse expression of TNF-a in the inner layer of annular fibers. Recent studies have verified
a significant occurrence of depression in individuals with cervical spine conditions such as cervical spondylosis.’
Additionally, scientists have established a link between the release of TNF-a in the brain and the onset of depression;
patients displaying depressive symptoms exhibit higher levels of infiltrating CD68+ cells in the intestinal mucosal
layer.®” The treatment of cervical spondylosis includes conservative treatment and surgical treatment. Surgical treatment
can be considered after a comprehensive investigation of nerve root compression and progressive symptoms of Cervical
spondylotic radiculopathy and Cervical spondylotic myelopathy.®® Symptomatic cervical spondylosis is a common cause
of disability, mainly due to significant burden and reduced happiness, occupational characteristics, trauma, and so on.'°

Depression is a prevalent mental health condition that significantly impacts the physical and psychological well-being
of a considerable portion of the global population.'' It is characterized by persistent and notable low mood, influenced by
both genetic and environmental factors.'? Furthermore, depression has been found to have a strong correlation with sleep
disturbances,'® somatic symptoms,'* spinal lesions,'> cerebral small vessel disease (CSVD),' heart disease,'” and
Parkinson’s Disease.'® Additionally, it is linked to compromised physical health and accelerated bodily aging, both
contributing to an increased risk of CS.'*?°

Individuals suffering from depression may exhibit incorrect posture, leading to potential complications in the body.
This can ultimately result in muscle strain and structural alterations in the spine.?' Consequently, individuals with
depression may be susceptible to developing spinal conditions such as cervical spondylosis. Research has indicated that
patients diagnosed with cervical spondylosis are at an elevated risk of experiencing symptoms of depression.”?>*
A community-based cross-sectional study revealed that approximately 25% of individuals living with cervical spondy-
losis in a specific area displayed indications of anxiety or depression.”> Currently, it remains uncertain whether
individuals affected by depression face an increased risk for developing cervical spondylosis. Due to limitations related
to sample size, detecting a definitive association between depression and cervical spondylosis within clinical settings may
prove challenging. Only through Mendelian randomization studies on larger samples will we be able to thoroughly
evaluate this relationship.

Mendelian randomization (MR) is a method used in epidemiological research to assess causal inference by leveraging
genetic variations closely linked to exposure factors as instrumental variables. It aims to investigate the causal relation-
ship between exposure factors and outcomes. In bidirectional Mendelian randomization studies, it’s important to consider
situations where various factors may mutually influence each other. The causal relationship between factors can be
further analyzed by the bidirectional MR method. If both bidirectional MRs demonstrate statistical significance, it
suggests that exposure serves as both the “cause” and the “effect”.?*2° In this study, we employed a bidirectional two-
sample MR method to explore the potential bidirectional relationship between depression and CS.
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Our goal is to use a two-sample Mendelian randomization method to explore the genetic link between CS and
depression. The aim is to uncover hidden connections and offer strong theoretical support for clinical diagnosis and
treatment.

Materials and Methods

1. We utilized previously published, unspecified of the population summary statistics of depression combined data
from the IEU Open GWAS project (https://gwas.mrcieu.ac.uk/), we chose this data for the following reason: It is

also could be made more clear for the justification for the SNP selection criteria—threshold adjustment for small
samples size.

2. We also mined the basic data of the population summary statistics of CS from FINNGEN project (https://www.
finngen.fi/en). Informed consent was acquired from all participating studies. The data were accessed for research
purposes in 2018. The authors do not have access to information that could identify individual participants during
or after data collection, as all personal information is currently not publicly available. The prejudice of the present
study using the European population may some how limit the generalization of the present findings in the non-
European population, Therefore, our study only targeted the European sample population, and the data reference
has certain limitations.

The population summary statistics of depression were from the IEU OpenGWAS project with the largest sample size,
involving 26,595 clinically diagnosed cases and 436,338 controls, the statistical population was European, and the
recruited statistical population included both men and women, and the consortium was MRC-IEU. The population
summary statistics of CS were from the FINNGEN project database, involving 3292 clinically diagnosed cases and
459,641 controls, the statistical population was European, and the recruited statistical population included both men and
women.

We conducted Mendelian randomization (MR) analysis to investigate the causal link between the exposure phenotype
and outcome phenotype, using germline genetic variation as the instrumental variable (IV) for exposure. Three funda-
mental principles of MR include: (1) SNPs are highly correlated with exposure factors. (2) SNPs are not influenced by
confounding factors. (3) SNPs can only impact outcomes through exposure factors. Firstly, we selected independent
SNPs that were closely related to depression and CS and whose P-value was less than 5x10°%. Due to the small sample
size, we extended the threshold to 5x107° to select eligible instrumental variables.***' We performed association analysis
on the data, selected SNPs strongly related to exposure factors, and plotted linear Manhattans and circular Manhattans
(Figure 1A-D). 3572 eligible SNPs were screened out in the depression group (Supplement file 1). In the CS group, 449

SNPs were selected (Supplement file 2). Furthermore, we have removed SNPs that exhibit strong linkage disequilibrium
(LD). We conducted the clumping procedure using R2 < 0.001 and a window size of 10,000 kb with individuals of
European descent who have depression, but due to statistical differences, this setting is set when CS becomes R*< 0.01
and a window size = 5000 kb, and the depression SNPs are finally selected as 148 (Supplement file 3) and CS SNPs as 59
(Supplement file 4). We utilized random effects inverse variance weighting (IVW) as the primary statistical approach to
assess the potential bidirectional causal relationship between depression and CS, IVW was the primary method for causal
estimation because it was the most precise and robust method.>* In terms of the correlation hypothesis, the R2 value
indicates the proportion of variance in the exposed variable attributed to genetic variation. We employed phenoscanner to
identify potential confounding factors, and no such factors were found in our final results. Additionally, we applied MR-
Egger regression intercept and its 95% confidence interval (CI) to investigate bias resulting from pleiotropy. MR-
PRESSO outlier detection (biased SNPs) was performed, MR-PRESSO was a widely used method for detecting
widespread horizontal pleiotropy in causal relationships inferred from Mendelian randomization between complex traits
and diseases, which was published in the May 2018 issue of the journal “Nature Genetics”. Its core consisted of three
parts: (1) detecting the presence of horizontal pleiotropy using the “MR-PRESSO global test”; (2) removing outlier SNPs
(outliers) and estimating the corrected results (this result excludes horizontal pleiotropy) using the “MR-PRESSO outlier
test”; and (3) using the “MR-PRESSO test” to test whether there is a difference between the corrected and uncorrected
results.®® The Heterogeneity test and Pleiotropy test were used to detect the differences between IV and test whether there
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Figure | Selected SNPs strongly related to exposure factors, and plotted linear Manhattans and circular Manhattans (A-D).

is horizontal pleiotropy among IVs, Heterogeneity test: This test primarily assesses the differences among various
instrumental variables (IVs). A substantial difference between these IVs indicates a high level of heterogeneity;
Pleiotropy test: This assessment focuses on determining whether multiple IVs exhibit horizontal pleiotropy, which was
typically represented by the intercept term in MR Egger’s method. A significant deviation of this intercept from zero
suggests the presence of horizontal pleiotropy.>* We also conducted a Leave-one-out sensitivity test to assess the stability
and reliability of the findings, leave-one-out analysis was used to determine whether the causal association signal was
driven by a single SNPs.**> Subsequently, we created scatter plot, forest plot, and funnel plot; Forest plots were made to
visualize the results, and gene pleiotropy and sensitivity were analyzed by scatter plots and funnel plots.*® All p-values
are two-tailed. The analyses were carried out using the TwoSampleMR and MendelianRandomization packages in
R (version 4.3.1, www.r-project.org/).

Results
The Impact of Depression on CS

The results of IVW showed that the prevalence of depression may increase the risk of CS, and we believed that this
association had a certain causal relationship. Furthermore, the OR values for MR Egger, Weighted median, Simple mode,
and Weighted mode exceeded 1, aligning with the findings of the IVW assessment. The p-value results of the
heterogeneity test and pleiotropy test were >0.05, there was no significant heterogeneity, horizontal pleiotropy, or
outliers.
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The detailed MR results and sensitivity analysis for the previous results are presented in Figure 2A-D and
Supplement file 5 (the final results of SNPs output after comparison). Figure 3 are forest plot and funnel plot,

Figure 4 are leave-one-out plot and scatter plot.

The Impact of CS on Depression
The findings from the IVW analysis (p=0.018) indicated a potential association between the prevalence of CS and an
elevated likelihood of experiencing depression. Additionally, the OR values for Weighted median, Simple mode, and
Weighted mode were all greater than 1, aligning with the outcomes of the IVW assessment. The value results of the
heterogeneity test and pleiotropy test were >0.05, indicating that there was no pleiotropy and heterogeneity, and the
results were dependable. When using CS as an exposure factor, the OR of MR Egger suggested that there may be active
correlation factors, and further research was needed. The outcome direction still indicated that CS increases the risk of
depression, The occurrence of these events may be attributed to the statistical error in the study population and variations
in lifestyle habits among the European population. It is imperative to further conduct a meticulous screening of the
database and analyze factors such as dietary patterns, sleep quality, and body composition for a comprehensive under-
standing of the population, thus mitigating these occurrences.

The detailed MR results and sensitivity analysis for the previous results are presented in Figure 5A-D and
Supplement file 6 (the final results of SNPs output after comparison). Figure 6 are forest plot and funnel plot,

Figure 7 are leave-one-out plot, and scatter plot.
The two figures are visual forest plots of the Mendelian randomization analysis of CS and depression (Figure 8A and B).
Table 1 shows the results of bidirectional MR analyses.
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Figure 2 Depression on CS (A) Mendelian analysis results, (B) heterogeneity analysis, (C) pleiotropy analysis, (D) MR-PRESSO results.
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Figure 5 CS on Depression (A) Mendelian analysis results, (B) heterogeneity analysis, (C) pleiotropy analysis, (D) MR-PRESSO results.
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Table | The Results of Bidirectional MR Analyses

Exposure | Outcome | No. of SNPs | Methods OR (95% CI) | p (SE) p

The forward MR analyses

Depression | CS 148 VW 1322257994 | 0.0220139 0.012430116
(1.205-1.441) | (0.008806643)
MR-Egger 1.089480632 | 0.085701098 | 0.192228459

(0.959-1.238) | (0.065198879)
Weighted median | 1.019119293 | 0018938816 | 0.127021989
(0.995-1.044) | (0.012411153)

Weighted mode 1082707463 | -0.007319258 | 0.83487385
(1.011-1.152) | (0.035005598)
Simple mode 103446078 | -0.011606313 | 0.734151358

(0.925-1.104) | (0.034064884)

The reverse MR analyses

cs Depression | 58 VW 1426346001 | 0203631218 | 0.017746563
MR-Egger (1.236-1.650) | (0.085889038)

0427503874 | -0.84979192 | 0.153031696
Weighted (0.135-1.349) | (0.586491465)

median 1229136267 | 0206311701 | 0.099335881

(0.962-1.571) | (0.125182923)
Weighted mode | 0.061291714 | 0216221276 | 0.454250535
(0.707-2.178) | (0.286920494)
Simple mode 0.05516086 0.238285021 | 0.409853987
(0.723-2.227) | (0.286961345)

Abbreviations: Cl, confidence interval; IVWV, inverse variance weighted; LTL, leukocyte telomere length; MR, Mendelian randomization;
OR, odds ratio; SNPs, single-nucleotide polymorphisms.

Discussion

In this research, we conducted a comprehensive MR analysis to evaluate the connection between cervical spondylosis
(CS) and the likelihood of experiencing depression. Our findings indicate that there is an association between depression
and an elevated risk of CS, potentially suggesting a causal relationship. Similarly, in the opposite direction, CS and
depression may also have a causal link. Studies have indicated that individuals with low moods and depression are at
higher risk for developing cervical spondylosis, and these mood states can impact overall well-being and sense of
fulfillment, ultimately leading to negative health outcomes and reduced quality of life.*” Studies have found that older
patients with vertebral-related diseases and depression face higher preoperative disability risk and lower postoperative
quality of recovery.”® Meanwhile, patients with cervical spondylosis face health-related economic burdens, which
increases the risk of depression. Canales et al found that depressed patients exhibited changes in body posture during
depressive episodes, such as neck, and chest kyphosis and neck stiffness.*® Rosario et al found that long-term postural
inaccuracy led to cone structure remodeling and osteophyte formation. Depressed patients with long-term postural
inaccuracy due to various factors lead to poor development of the shoulder and neck and eventually become
deformities.”” Some research has indicated that individuals with depression may be more inclined to seek improved
medical attention, resulting in a higher likelihood of detecting cervical spondylosis compared to non-depressed
individuals.*'** Given that cervical spondylosis is diagnosed through clinical imaging and pathological anatomy
descriptions, it could potentially predate the diagnosis of depression. Additionally, the discomfort associated with
cervical spondylosis may contribute to the development of depression, which could account for the disparities observed
in the statistical results between IVW and OR of MR Egger. It may also need a larger and more accurate sample for
analysis. Depression may increase the discomfort of CS, but not directly lead to cervical deformity. Depression could

result in a decrease in physical activity and exercise, potentially leading to muscle stiffness, spinal pain, and deformity.
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As a result, patients with depression may be more prone to being diagnosed with symptomatic cervical spondylosis.
There is no basic research supporting a definite link between depression and CS, but our MR results showed that
depression is a risk factor for CS, and the results are consistent.

Diseases such as cervical spondylosis are characterized by inflammatory destruction and bone proliferation. The
primary clinical manifestations include joint mobility impairments and pain, with severe cases potentially leading to limb
paralysis, thereby significantly impacting the patient’s quality of life and mental health.* Depression and inflammation
are mutually reinforcing processes. In certain patients, inflammation is a critical factor in the pathogenesis of depression;
conversely, depression can elicit an exaggerated cytokine response to stressors and pathogens that are typically
considered non-threatening.** Certain disease-related behaviors (such as cervical pain and sleep disturbances) along
with detrimental health habits (including poor dietary practices and sedentary lifestyles) may exacerbate ongoing
systemic inflammation and depressive disorders. Inflammatory responses that are more severe, frequent, or prolonged
as a consequence of depression can adversely affect both physical and mental health, resulting in significantly diminished
treatment adherence and exacerbating the symptoms of CS. The bidirectional relationship among depression, inflamma-
tion, and disease (CS) indicates that effective treatment of depression may significantly influence mood, inflammatory
processes, and overall health.*>**® Consequently, we conclude that mental state significantly influences the progression of
pain and inflammatory diseases, with patients’ negative moods directly exacerbating poor dietary choices, unhealthy life
habits, and inadequate sleep quality.

By conducting a bidirectional Mendelian randomization study using a large number of European population data, this
study found that depression can lead to an increased risk of CS, and vice versa, CS can also lead to an increased risk of
depression, but the statistical results are not as obvious and consistent as the positive MR results. Depression caused by
CS can be well explained by quality of life, economic stress, long-term posture, sleep quality, and personal psychology,
but it is rarely reported. We made a surprising discovery that individuals suffering from depression have an increased
likelihood of developing cervical spondylosis. Research has shown no connection between the use of antidepressants and
the onset of cervical spondylosis.*’ Therefore, aside from medication, adopting postural training or making adjustments
to mechanical stress may serve as a protective measure in reducing the risk of cervical spondylosis among patients with
depression. Further investigation is necessary to assess the advantages of physiotherapy and postural training in lowering
the risk of cervical spondylosis in individuals with depression. Clinicians should also take into account the self-rating
depression scale (SDS) when interpreting somatization related to CS, in order to offer optimal professional diagnosis and
treatment for patients dealing with depression.

Limitations

The study was unable to ascertain whether genetic differences exist among various races, countries, and regions due to its
exclusive inclusion of participants of European descent; consequently, the findings are not generalizable to non-European
populations. This investigation is observational in nature, and traditional observational studies are susceptible to bias
stemming from residual confounding effects and sample overlap. Therefore, the causal relationship between CS and
depression requires further validation. To mitigate bias in estimating causal effects, we conducted additional reverse
analyses within this study.

Conclusions

Cervical spondylotic myelopathy (CSM) represents the most prevalent cause of non-traumatic spinal cord injury and
associated disability globally. The Japanese Orthopaedic Association (JOA) scoring system is currently regarded as the
primary outcome measure in both clinical research and practice for patients suffering from this form of cervical
spondylosis.*® The findings of another study indicate that patients with concurrent cervical spondylotic myelopathy
(CSM) and depression exhibited a comparatively poorer improvement in symptom severity, pain intensity, and disability
scores following posterior decompression surgery when compared to patients without comorbid depression at any stage.
In conclusion, our thorough examination revealed a significant causal link between depression and the likelihood of CS,
while also suggesting that CS could potentially contribute to the progression of depression. This investigation provides
genetic support for a bidirectional causal association between depression and CS. Specifically, individuals with
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depression are at greater risk of developing CS. Addressing depression may serve as an effective approach in mitigating
or preventing the burden of CS and vice versa. Additional research is necessary to investigate the interplay between these
two factors in order to advance clinical diagnosis and treatment methods. The inclusion of psychological tests and
assessments in expanding CS treatment represents a highly advantageous step. Future research could potentially focus on
interventions aimed at enhancing depressive symptoms among clinical patients during hospitalization, encompassing
scale scoring, pharmacological intervention, behavioral intervention, and assistive device therapy.
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