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Background

Fibromyalgia (FM) is a common illness with a wide range of symptoms, mainly manifested by unexplained chronic systemic musculoskeletal pain, sleep disorders and fatigue, sometimes accompanied by cognitive impairment, psychiatric symptoms and autonomic dysfunction. Previous studies have indicated a correlation between depression and the risk of FM; however, it remains uncertain whether this association reflects a causal relationship.





Methods

We evaluated the etiological association between the genetically predicted depression and the risk of developing FM by conducting a two-sample Mendelian Randomization (MR) study. The data on single nucleotide polymorphisms (SNPs) related to depression were obtained from the UK Biobank (UKB) and the Psychiatric Genomics Consortium (PGC) of White British European ancestry, and the data for FM were from the 5th release of the FinnGen study. We adopted the Inverse Variance Weighted (IVW) approach as the principal standard. In order to detect the existence of horizontal pleiotropy and heterogeneity, we adopted the MR-Egger approach as the sensitivity analysis.





Results

In our MR analysis, 42 depression-related variants were identified as valid instrumental variables (IVs). The IVW approach’s results manifest that there is no etiologic causality between genetically predicted depression and the risk of FM (odds ratio [OR]: 1.673, 95% confidence interval [CI]: 0.852—3.287, P = 0.135). The study did not find any significant heterogeneities or horizontal pleiotropies (P > 0.05).





Conclusions

Our results suggest that there is no significant genetic evidence linking depression to an increased risk of FM. However, further research is necessary to investigate the potential relationship and underlying mechanisms between depression and the risk of FM.
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1 Introduction

Fibromyalgia (FM) is a distressing syndrome that is characterized by chronic widespread musculoskeletal pain, hyperalgesia and psychological distress (1). The prevalence and gender distribution of FM are closely related to the diagnostic criteria and the doctor’s confirmation bias, as well as the number and severity of symptoms. Different diagnostic criteria will lead to different results (2). The doctor’s confirmation bias is more likely to occur in women, and the number and severity of symptoms are significantly higher in women than in men (2, 3). The prevalence of FM in the general population is about 0.2-6.6%, and the incidence of FM in existing studies is higher in women than in men to varying degrees (2–4). Patients with FM typically experience a wide range of symptoms, including local pain syndromes, gastrointestinal disorders, stiffness, cognitive impairment, psychological distress, autonomic nerve disorders, or gait instability (5). This heterogeneity in symptoms experienced by individuals can often result in decreased levels of daily functioning, productivity at work, and overall health-related quality of life (6).

Fibromyalgia is frequently found to coexist with other conditions or diseases, such as temporomandibular disorders, irritable bowel syndrome (IBS), depression, headaches, and mood disorders (7). Depression is a widespread mood disorder characterized by euphoria deficiency and persistent sadness, accompanied by noticeable psychological and nutritional changes such as somnolence, loss of motivation, difficulty maintaining attention, anorexia and guilt, and even suicidal behavior, affecting approximately 1.7 times more women than men (8). People with depression may exhibit medically unexplained somatic symptoms, including back pain, abdominal pain, and headaches, with the prevalence of pain estimated to be around 65%, which is significantly higher than the 29% observed in the non-depressed population (9). An early study from Finland suggests that depressive symptoms serve as a predictor for the future occurrence of musculoskeletal symptoms (10). A recent study in Brazil found that a comprehensive healthcare model combining systematic health education with physical activity significantly improves the health status of patients with FM (11). Recent longitudinal clinical and community-based studies have yielded suggestive evidence of an interrelationship between chronic pain and depression (12–15). A bidirectional association has been observed between FM and depression: depression increases the risk of diagnosing FM later in life, and FM increases the risk of developing depression (16). Research from both Europe and North America has drawn the same conclusion: approximately 30% of patients are already experiencing major depressive disorder (MDD) at the time of their initial FM diagnosis, and the severity of FM is positively correlated with the severity of their depression (17, 18). A case-control study found that MDD patients had elevated serum levels of several proteins involved in controlling muscle function, and that these proteins were highly positively correlated with the frequency of some of the major symptoms in the FM syndrome diagnostic scale (19). However, the design of previous findings was observational, which does not allow us to conclude causality. Addressing these causal questions could accelerate the discovery of underlying disease mechanisms and open up new avenues of prevention and treatment.

Mendelian randomization (MR) is a method that can determine the causal relationship of certain environmental exposures by utilizing the random classification of genes from parents to offspring during gamete formation and pregnancy (20). The MR method employs genetic variations, which are determined at conception, as instrumental variables (IVs) to explore the influence of exposure factors on the risk of specific diseases. Because IVs mentioned above are typically irrelevant to any confounders, the MR method can more reliably explore the potential causality between exposure factors and outcomes of some diseases. Meanwhile, since the segregation of alleles is carried out in a random way, the MR method can also minimize the bias generated by confounders (21).

Previous MR Studies have not explored the causal relationship between depression and FM. This research adopted a two-sample MR approach to investigate the association between depression and the risk of developing FM by analyzing genome-wide association study (GWAS) databases.




2 Materials and methods



2.1 Data resources

For depression, summary GWAS results were obtained from the UK Biobank (UKB) and the Psychiatric Genomics Consortium (PGC) of White British European ancestry, which included 170756 cases and 329443 controls (22). The establishment of a diagnosis of depression and the evaluation of its severity are based on the International Classification of Diseases (ICD-10) and the American Psychiatric Association’s Diagnostic and Statistical Manual (DSM-IV) (23). The dataset of extensive depression phenotype may comprise a variety of other psychiatric disorders, while a clinically diagnosed MDD phenotype can provide a more credible definition of depression (22). As a supportive instrument for investigating the risk of serious diseases, the UKB successfully recruited men and women between the ages of 40 and 69 from 2006 to 2010 and tracked their health status for an extended period, with a total of 500,000 people (24). PGC is the largest and most innovative consortium in the field of psychiatry, and it has unified most of the content in the field. Researchers can use it to conduct large-scale analysis of GWAS data on psychiatric disorders (25). The primary outcome for this study was FM. Summary statistic data for FM were acquired from the 5th release of the FinnGen study, which included 737 cases and 167,641 controls of European individuals. The FinnGen study is a research project composed of several research institutions, hospitals and biological companies, which combines the health registration data collected from every resident over the age of 18 in Finland since 1969 with the new samples collected from the Finnish Biobank, and has so far generalized samples from approximately 400,000 people and analyzed more than 200,000 people (26). Table 1 shows the details about the datasets.


Table 1 | Characteristics of data sources and strength of IVs used in the Mendelian Randomization study.






2.2 Selection and characterization of associated IVs

Independent genetic variants with depression were chosen to be genetic IVs. The single nucleotide polymorphisms (SNPs) selected in this study were strongly correlated with exposure factors, reaching the genome-wide significance criterion (P< 5 × 10–8). Furthermore, we identified the corresponding linkage disequilibrium for SNPs and used criteria defined by r2<0.001 and clustering window =10,000kb to eliminate deviations triggered by linkage disequilibrium. Then, we have screened and eliminated some SNPs related to potential confounders (http://www.phenoscanner.medschl.cam.ac.uk/). These confounding factors can affect the results of MR analysis. In this study, we ascertained chest pain, rheumatoid arthritis, systemic lupus erythematosus and Sjogren’s syndrome as confounders (27). We conducted the harmonization between SNPs of exposure and outcome to ensure that the orientation of the alleles can be rectified (28). R-square and the F-statistic values were calculated to mitigate the bias and assess the strength of IVs (29, 30). It is generally considered to exclude the bias of weak IVs when the F statistic >10.




2.3 Statistical analysis

In this study, we adopted the Inverse Variance Weighted (IVW) approach as the principal standard (31). We adopted Cochran’s Q test to examine the heterogeneity between individual genetic variation estimates. We adopted the fixed-effects model as the ultimate consequences of MR Study, when the P-value of Cochran’s Q test was greater than or equal to 0.05; otherwise, the random-effects model of IVW was adopted (32). In order to supplement the analysis of IVW and increase the reliability of the analysis results, we also used maximum likelihood, weighted median method (WM), and penalized weighted median method (PWM) (33, 34). Furthermore, we adopted a newly proposed MR analysis termed robust adjusted profile score (RAPS). It can regulate horizontal pleiotropy and decrease the deviation triggered by horizontal pleiotropy (35). Finally, we certify the consequences of the IVW method through MR Pleiotropy residual sum and outlier (MR-PRESSO) (36).




2.4 Sensitivity analysis

To confirm the possibility of pleiotropy, we adopted the MR-Egger model. When the P-value for intercept of the MR Egger model is not less than 0.5, it manifests that horizontal pleiotropy does not exist (37). We use R software to create a plot of the leave-one-out sensibility test by eliminating every independent SNP every time. It can be used to evaluate whether these consequences are stable. We further developed funnel plots and forest plots as supplementary means for detecting pleiotropy. Each P-value is two-sided, and when the P-value is less than 0.05, it indicates the presence of suggestive significance. Each analysis and detection in this study was completed on the basis of applying the “Two-Sample-MR”, “MR-PRESSO” and “MR. RAPS” packages in R software (version number 4.2.2).





3 Results



3.1 IVs selection

Table 1 presents the specific situation of the IVs representing depression in this study. We adopted 42 SNPs as IVs for depression on FM (Supplementary Table 1). Our analysis results indicate that there is no existence of weak instrumental variable bias (F-statistic > 10) (Table 1).




3.2 Association of depression with FM risks

Table 2 summarizes the results of our MR analysis on the causal association between depression and FM risks. Using the fixed-model IVW method, we found no significant evidence that depression is associated with an increased risk of FM (OR: 1.673, 95% CI: 0.895-3.127, P= 0.107). Our results were consistent with various MR methods, including maximum likelihood, MR-RAPS, weighted median, and penalized weighted median methods. Furthermore, the consistency of the MR-PRESSO causal estimation values demonstrates that our research findings are both highly reliable and stable (Table 3).


Table 2 | Mendelian randomization for depression on the risk of Fibromyalgia.




Table 3 | MR-PRESSO for causal effect between Depression and Fibromyalgia.






3.3 Sensitivity analyses for MR study

The intercept value of the MR-Egger method demonstrated that there is no horizontal pleiotropy in the analysis consequences (P for intercept = 0.446) (Table 4). The results of heterogeneity testing analysis indicate that there is no potential heterogeneity in this study (Table 4). The scatter plot, forest plot and funnel plot for the MR study were exhibited in Supplementary Figures 1-3. The leave-one-out sensibility test indicated that the causality of depression on the risk of developing FM was not affected by a single SNP, no matter which SNP was eliminated, it could not have an essential impact on the results, underscoring the reliability of our study (Supplementary Figure 4).


Table 4 | Pleiotropy and heterogeneity test for Depression on Fibromyalgia.







4 Discussion

Previous literature have provided conclusion of robust correlations between depression and functional somatic disorders (FSD), including chronic fatigue syndrome (CFS), migraine, irritable bowel syndrome (IBS), and FM (38–41). There are mounting data supporting that FM is commonly accompanied by psychiatric and psychological conditions such as anxiety, decreased sleep quality, depression, and cognitive disturbance (42, 43). Approximately 30% of people with FM suffer from MDD at the time of diagnosis (18). From the perspective of psychosocial factors, the higher degree of depression have been found to be associated with greater FM severity (17). A 10-year follow-up survey found that depressive symptoms can predict the future development of various pain diseases, including low back pain, neck-shoulder pain and other musculoskeletal disorders (10). A Nationwide Longitudinal Study supported a bidirectional temporal association between depression and FM, suggesting that each disorder occurring first would have an increased likelihood of the other disorder subsequently (16). A meta-analysis of medically unexplained physical symptoms, anxiety, and depression found that FM is associated with depression but not exclusively dependent on it (44). These observational studies have some limitations, which may be due to potential confounding factors and reverse causal associations. Individuals without FM may have high-risk factors for depression exposure but have not yet been diagnosed with depression. Therefore, it is not explained from the perspective of genes whether depression itself promotes the high-risk of FM in the future or the high-risk factors of depression increase the possibility of developing to FM in the future. In this research, depression IVs pertinent to features that may affect the FM risk independent of depression were omitted to minimize the impact of confounders.

Current evidence suggests that complex underlying mechanisms are involved in FM. Several possible mechanisms have been put forward to interpret the association between depression and FM. Firstly, neuroimaging researches have demonstrated that there is a prominent overlap in brain regions with abnormal functions in both depression and FM. These regions include the amygdala, dorsolateral prefrontal complex, hippocampus, thalamus and anterior cingulate cortex (45). Secondly, the biochemical theoretical mechanisms of depression have suggested that the unbalance of monoamine transmitters (such as serotonin) neurochemical secretion and reuptake regulation forms the basis of depression, and that these neurotransmitters may have a crucial role in regulating the transmission of pain signaling molecules, leading to changes in pain perception (9). During a depressive episode, the dysregulation of serotonin and norepinephrine systems can increase the pain response by reducing the inhibitory function that modulates pain, whether top-down or bottom-up (45). In addition, when individuals suffer from anxiety neurosis and depressive disorder, the sympathetic autonomic nervous system becomes more responsive to the discomfort caused by these diseases themselves, which can amplify the pain of FM (46). This amplification may be due to vasoconstriction, as prolonged peripheral sympathetic vasoconstriction can lead to muscle ischemia, which sensitizes nociceptors and results in muscle pain (47). The diagnosis of FM is difficult to establish, and some patients have symptoms that involve almost every structure in the body (19). Patients with FM often need to see multiple doctors and it can take years to be diagnosed (1). The diagnostic criteria for FM have been continuously improved, and five different sets of diagnostic guidelines have been published since 1990 (48–51). The demand for a physical examination of tender points in specific areas (these areas also tend to be more sensitive in most normal individuals than others) made the 1990 ACR classification standard not applicable in practical situations (48, 49). The ACR criteria, published in 2010 and 2011, eliminated physical examination of tender points as a necessary diagnostic condition (49, 52). In addition to a more detailed definition of the original symptom (chronic widespread pain), the newly published criteria also extended the supportive diagnosis to other clinical manifestations, such as cognitive disturbances, psychiatric symptoms, morning stiffness, and autonomic dysfunction (50, 51). Therefore, a detailed and comprehensive history collection is essential for the diagnosis of FM. Doctors should be alert to the possibility of FM when patients have unexplained symptoms of diffuse pain, fatigue and decreased sleep quality (as referenced by the FibroFatigue scale) that persist for months (53). Previous epidemiological and clinical researches have concluded that depressive disorder may play a significant role in the occurrence and development of FM. However, our two-sample MR Analysis revealed that depression was not associated with an increased risk of FM syndrome.

Our two-sample MR study has yielded genetic evidence indicating that there is no significant association between depression and FM risks. Our research has a lot of advantages. First of all, IVs for depression and FM were obtained from dissimilar consortiums, which has enhanced the statistical level of our study to detect subtle influences in complicated models (54). Secondly, utilizing dissimilar samples has increased the total specimen magnitude, thereby improving the exactitude of causality estimates. Thirdly, rigorous criterion for the selection of IVs were developed, and only variants of depression that were prominently relevant to depression measurements and were eligible for the three primary hypotheses of MR study were used for IVs (55). Finally, heritable variations have evolved in dissimilar chromosomes, and the latent mutual effects between various genes are likely to have small influence on the estimation (56). Our research offers insights into the genetic factors associated with the link between depression and FM, allowing healthcare professionals to assess patients’ health status from a more comprehensive perspective. This approach ensures that while treating one condition, they also consider the risk or severity of the other condition. Although our research has many merits, some limitations of MR study should also be recognized. Firstly, we cannot absolutely eliminate underlying pleiotropy. It may cause deviation in the assessment of causality. However, we performed sensitivity analyses using multiple methods to obtain consistent outcomes, which let the conclusions of our analysis reassuring. Secondly, only SNPs associated with definite confounding factors were eliminated, and additional indefinite confounding factors may have impact on the correlation between depression and FM, necessitating further investigation. Thirdly, the data used in the analysis principally came from individuals of European ancestry, and disease patterns may differ across ancestries, making the generalizability of the findings to other populations uncertain. Finally, the diagnosis of depression mainly relies on the DSM and the ICD (23). And depending on the number, type, and severity of actual symptoms, depression can be classified as mild depression and MDD (8). Because the IVs used in this research were extracted from the summary data in the GWAS, we were unable to detect an association between the mild depression subgroup and the risk of FM. However, we anticipate conducting more extensive GWAS studies in the future to address these limitations.

In this two-sample MR analysis, we observed evidence that genetically predicted depression was not causally associated with an increased risk of FM in European population. Considering the relative scarcity of research on this subject, our findings provide significant insights into managing and preventing the disease and controlling and assessing progression. Our study used existing GWAS databases to identify an association between depression and FM, which contributes to epidemiology and clinical practice to some extent.




5 Conclusion

In summary, our MR analyses have provided genetic evidence that genetically determined depression is not significantly associated with the risk of FM. This was the first two-sample MR investigation into the causal effect of depression on FM. Further large-scale randomized controlled trials are required to substantiate our research conclusion.
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