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Background: Previous observational studies have suggested the involvement of 25-hydroxyvitamin D [25(OH)D] in chronic pain. However, whether the 25(OH)D is a novel target for management, the causality remains unclear.
Methods: A two-sample Mendelian randomization (MR) study was conducted to identify the causal association between 25(OH)D and low back pain (LBP). The primary analysis was revealing causality from serum 25(OH)D level (n = 417,580) on LBP (21,140 cases and 227,388 controls). The replicated analysis was performing MR estimates from circulating 25(OH)D concentration (n = 79,366) on LBP experienced last month (118,471 cases and 343,386 controls). Inverse variance weighted (IVW) was used as the main analysis. In addition, we used weighted median and MR-Egger to enhance the robustness. Sensitivity analysis was conducted to evaluate the robustness of MR results.
Results: IVW estimation indicated strong evidence that higher serum 25(OH)D levels exerted a protective effect on LBP (OR = 0.89, 95% CI = 0.83–0.96, p = 0.002). Similar trends were also found in replicate analysis (OR = 0.98, 95% CI = 0.96–1.00, p = 0.07). After meta-analysis combining primary and replicated analysis, the causal effect is significant (p = 0.03). Sensitivity analysis supported that the MR estimates were robust.
Conclusion: In our MR study, genetically increased serum 25(OH)D levels were associated with a reduced risk of LBP in the European population. This might have an implication for clinicians that vitamin D supplements might be effective for patients with LBP in clinical practice.
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INTRODUCTION
Low back pain (LBP) is commonly regarded as a symptom rather than a disease. It has been the leading cause of loss from work and the main indication for medical rehabilitation both in developed and developing countries (Chenot et al., 2017; Maher et al., 2017). Through the systematic analysis of the GBD (Global Burden of Disease) study 2019, LBP ranked stably in the top ten over the past 30 years and affected people of all ages (Vos et al., 2020). Besides, the prevalence of LBP increased with age, ranging from 16.9% to 46.6% (Maher et al., 2017). Because of the unknown pathoanatomical cause, the treatment focuses on identifying the risk and protective factors to relieve pain.
Vitamin D deficiency is a major world pandemic. It has been linked to many human diseases such as Alzheimer’s disease (AD), Parkinson’s disease (PD), multiple sclerosis (MS), hypertension, and cardiovascular diseases (Berridge, 2015). Vitamin D status, as measured by 25-hydroxyvitamin D [25(OH)D], could potentially be involved in the pathophysiology of nonspecific pain (Hossein-nezhad and Holick, 2013). Also, there is increasing evidence from observational studies and some meta-analyses that 25(OH)D deficiency is associated with a wide range of chronic pain disorders (Hossein-nezhad and Holick, 2013; Wu et al., 2018). However, there is no consensus on the association between circulating 25(OH)D concentrations and pain from existing research. One meta-analysis consisting of seven observational studies with 2,420 statin-treated patients found that 25(OH)D levels were lower in those with myalgia than in those without (Michalska-Kasiczak et al., 2015). Another meta-analysis comprising 1854 participants found no difference of 25(OH)D levels between people with and without chronic widespread pain (Hsiao et al., 2015). Given the limited evidence and inconsistent conclusions from previous studies, the putative causal link between serum 25(OH)D levels and LBP remains unclear and further convincing evidence needs to be explored.
Mendelian randomization (MR), as an emerging method, is applied to determine the potential causal relationship between exposure factors and outcomes. Specific single-nucleotide polymorphisms (SNPs) were used as instrumental variables (IVs) (Emdin et al., 2017). Due to the random distribution of alleles during gamete formation, this design is less likely to be confounded or influenced by reverse causality. Based on the advantages of the study design, MR can well reveal causal effects from exposure and outcome. And with the booming of publicly available large sample size GWAS data, it is more efficient to obtain high statistic power. Previously, Mendelian randomization design has been used to explore the causal association of serum 25(OH)D with many diseases, such as major depression, diabetes, and multiple sclerosis (Afzal et al., 2014; Michaelsson et al., 2018; Wang, 2022), but it has not yet been applied to investigate its effect on LBP. Therefore, we conducted a two-sample MR study to investigate the causal effect between serum 25(OH)D levels and LBP.
MATERIALS AND METHODS
Study design
This MR study is based on the large-scale GWAS summary datasets. All participants have given informed consent in all these corresponding original studies and additional ethics approval was not needed as we only used summary-level statistics. The primary analysis was based on the serum 25(OH)D concentration (n = 417,580) from the IEU consortium on LBP from the FinnGen consortium (n = 248,528). Then, we performed a replicated MR analysis with GWAS data of circulating 25(OH)D concentrations from a GWAS of 79,366 participants on LBP experienced last month from the IEU consortium (n = 461,857). Sensitivity analysis includes Cochran’s Q test, leave-one-out analysis, funnel plots, and MR-Egger intercept analysis. Radial MR and MR-Pleiotropy Residual Sum and Outlier method (MR-PRESSO) were used to detect outliers if heterogeneity or pleiotropy existed. Then multiplicate random effect IVW was performed to detect heterogeneity after removing outliers and calculating the causal effect.
As presented in Supplementary Figure S1, the two-sample MR study must meet three principal assumptions. According to assumption 1, genetic instrument variants are closely related to the level of serum 25(OH)D (exposure factor). Because SNP was randomly assigned during pregnancy, genetic instrument variants of 25(OH)D should not be confounded by any other factors based on assumption 2. Besides, we performed IVW analysis to evaluate whether causal effects exist between 25(OH)D on LBP potential risk factors, including alcohol intake frequency, BMI, and obesity. Assumption three was that the risk of outcome (LBP) was strongly influenced by 25(OH)D genetic instrument variants through the exposure factor [25(OH)D] but not through other pathways (Didelez and Sheehan, 2007). As previously described, the second and third assumptions are collectively known as independence from pleiotropy (Emdin et al., 2017).
Genetic variants associated with serum 25(OH)D
The primary genetic instruments were derived from a recent GWAS dataset of serum 25(OH)D levels from the IEU consortium, comprising 417,580 individuals of European ancestry (Hemani et al., 2018). Typically, genome-wide significant genetic variants (p < 5 × 10–8) are selected as the potential instruments. To further obtain SNPs independent of each other, we then pruned these instruments within a window size of 10,000 kb to mitigate linkage disequilibrium (LD) at a threshold of r2 < 0.001. For SNPs, the F statistic was used to evaluate the strength of the correlation between instrumental variables and exposure factors. Only when the F statistic >10, it was considered that no bias was caused by weak instrumental variables (Pierce et al., 2011).
GWAS summary data for low back pain
The GWAS summary data for LBP was obtained from the FinnGen consortium (round 7), which is a large public-private partnership consisting of 500,000 Finnish biobank participants. The genetic information for LBP was generated from 21,140 LBP cases and 227,388 controls. More details for the endpoint definition were reported at the website: https://risteys.finngen.fi/endpoint/M13_LOWBACKPAIN (Kurki et al., 2022).
Replicated analysis of causal effect between 25(OH)D on low back pain
To detect the robustness of our MR estimates, we also used another GWAS dataset (n = 79,366, European ancestry) to represent circulating 25(OH)D concentration. In that study, Xia Jiang identified six SNPs significantly associated with circulating 25(OH)D concentration. The summary data of these six instrument variables was presented in Supplementary Table S2. More detail for the meta-analysis can be found in the original research (Jiang et al., 2018). The outcome was selected from the IEU consortium with a GWAS ID as “ukb-b-9838”, which represented the phenotype “back pain experienced in last month”. The number of cases is 118,471 and the number of controls is 343,386. In addition, we performed a meta-analysis with Revman (Version 5.4) to combine the primary and replicated MR analysis.
Positive validation of the mendelian randomization analysis
To detect the robustness of the MR analysis method and the instrument variables used in our study, we performed the MR analysis from two sets of instrumental variables for 25(OH)D aforementioned on Vitamin D deficiency of FinnGen consortium. Brief information about the GWAS data utilized in the current study was listed in Supplementary Table S3. The presented traits of the used GWAS database included GWAS-ID, the ancestry, consortium, the number of cases and controls and the gender.
Statistical analyses
The exposure SNPs were extracted from the full GWAS data of LBP. Harmonization was then processed to make the effect alleles of the exposure and outcome SNPs coincide, and rule out SNPs with incompatible alleles or being palindromic with intermediate effect allele frequency. To be more exact, there were four steps. First, we clump the SNPs to obtain independent genetic instrument variables. Second, proxied SNPs would be found for missed SNPs. Third, we discarded SNPs significantly associated with outcomes. Forth, ambiguous and palindromic SNPs were discarded. Then, MR analysis was conducted. Specifically, the inverse variance weighted (IVW) estimate was used as the primary MR effect estimate, reported as odds ratios (OR) and 95% confidence intervals (95% CI) (Burgess et al., 2013). We also estimated the causal effects using two other methods: the weighted median and MR-Egger regression methods. Those three approaches are considered as the most scientific and commonly used methods to provide robust analysis of the findings for a Mendelian randomization investigation (Chen et al., 2021; Chen et al., 2022). If the weighted median method is to be applied, at least 50% of SNPs have to satisfy the premise that they are valid instrumental variables (Bowden et al., 2016). The adaption of MR-Egger can detect some violations of the standard instrumental variable assumptions, and provide an effect estimate which is not subject to these violations (Ong and MacGregor, 2019).
Sensitivity analysis is a necessary method to evaluate the potential bias in Mendelian randomization studies. It includes the following two considerations, heterogeneity test, and pleiotropy test. The Cochran’s Q test was used to detect heterogeneity in the IVW approach, and the intercept from the MR-Egger regression indicated horizontal pleiotropy (intercept with p < 0.05 was considered as the presence of horizontal pleiotropy) (Bowden et al., 2015; Burgess and Thompson, 2017). Additionally, we removed SNPs with pleiotropic outliers using the MR-PRESSO and Radial MR (p < 0.05) (Bowden et al., 2018; Ong and MacGregor, 2019). When potential outliers were identified, we discarded them and repeated the IVW estimate to evaluate the robustness of our results. Besides, multiplicative random effect IVW was also performed. A leave-one-out analysis was also conducted to determine if the MR estimate was driven or biased by a single SNP. As the name suggested, SNPs were discarded one by one and then MR were reperformed, therefore can evaluate whether the causal estimate was drived by single SNP.
MR analysis was performed by R software (version 4.2.0), TwoSample MR package (version 0.5. 6), and RadialMR package (version 1.0). The main code utilized in our study was presented in https://github.com/XiaojuanJiang/LBP-analysis.
RESULTS
Primary analyses
We successfully extracted 109 corresponding serum 25(OH)D-associated genetic variants from the LBP GWAS dataset. Among them, two SNPs (rs11606 and rs2246832) were removed for being palindromic in the harmonization process. Thus, 107 SNPs were included in the MR analysis. In our study, the F-statistics range from 23.8 to 6,559.1, larger than the conventional value of 10, suggesting that the instruments had a strong potential to predict 25(OH)D levels.
We assessed the causal effect between serum 25(OH)D levels and LBP by using IVW, MR-Egger regression, and the weighted median method. The result of IVW indicated strong evidence that higher serum 25(OH)D levels had a causal effect on a decreased risk of LBP (OR = 0.89, 95% CI = 0.81–0.97, p = 0.01). Meanwhile, similar risk estimates were gained using the MR-Egger regression (OR = 0.90, 95% CI = 0.80–1.01, p = 0.09) and weighted median approaches (OR = 0.89, 95% CI = 0.80–0.99, p = 0.03). The concordance of the 3 MR models enhanced the reliability of a protective role of serum 25(OH)D level in the issue of LBP (Figure 1A). To comprehensively detect any potential bias in our MR study, sensitivity analysis using complementary methods was conducted. There was evidence of heterogeneity detected from the Cochran Q test (Q value = 163.92, p < 0.001). However, there was no evidence for a significant intercept (intercept = -0.0007, p = 0.728), indicating that there was no pleiotropy observed. Summary results of the pleiotropy test and heterogeneity test are shown in Table 1. Further, we conducted the MR-PRESSO and Radial MR analysis. One outlier (rs429358) was identified with MR-PRESSO and nine outliers (rs12056768, rs1260326, rs1800588, rs2346264, rs2659007, rs34284484, rs6724965, rs72834856 and rs7569755) were detected with Radial MR (Figure 1B). We manually removed this outlier and repeated IVW analysis, and the causality remained (OR = 0.89, 95% CI = 0.83–0.96, p = 0.002, Figure 1C). Details of the remained SNPs were listed in Supplementary Table S1. Multiple random effect IVW show a consistent and significant estimate (OR = 0.89, 95% CI = 0.83–0.96, p = 0.001) without heterogeneity (p = 0.61). Leave-one-out analysis was used to verify the impact of each SNP on the overall causal estimate. As shown in Supplementary Figure S2, when a certain SNP was excluded, the meta effect of the remaining SNPS was not across 0, indicating that the result did not change and reliable. The funnel plot was presented in Figure 1D. To be concluded, the causal effect from serum 25(OH)D level on LBP was not violated.
[image: Figure 1]FIGURE 1 | Mendelian randomization estimates from 25(OH)D on low back pain. (A) Scatter plot showing the causality of serum 25(OH)D on low back pain previous to removing outliers identified by MR-PRESSO and MR Radial; (B) Outliers identified by MR Radial; (C) Scatter plot showing the causality of serum 25(OH)D on low back pain after removing outliers identified by MR-PRESSO and MR Radial. (D) Funnel plots; (E) Forest plots of the IVW estimates.
TABLE 1 | Sensitivity analysis of serum 25(OH)D genetic IVs in GWAS for low back pain.
[image: Table 1]Replicated analyses and meta-analysis
In the replicative analysis, MR estimates between circulating 25(OH)D and LBP showed a consistent but marginal significant result. IVW indicating that a higher circulating 25(OH)D concentration leads to a decreased risk of LBP (OR = 0.98, 95% CI = 0.96–1.00, p = 0.07). MR Egger and weighted median also showed a consistent but insignificant result (Table 2). No heterogeneity presents (p = 0.76) and no horizontal pleiotropy indicated (p = 0.35). After combining the primary and replicated MR analyses, the significant protective effect of 25(OH)D concentration on LBP remained (OR 0.97, 95% CI 0.96–0.99, p = 0.03, Figure 1E).
TABLE 2 | Mendelian randomization from circulating 25(OH)D concentration on low back pain experienced last month.
[image: Table 2]Potential risk factors analysis and positive control analyses
The IVW estimates of the primary and replicated instrument variables on the LBP potential risk factors were shown in Table 3. No evidence of causal effects existed, suggesting causal effect from 25(OH)D on LBP was not biased.
TABLE 3 | The IVW estimates of the primary and replicated instrument variables on the LBP potential risk factors.
[image: Table 3]Theoretically, a higher 25(OH)D concentration would lead to a lower risk of vitamin D deficiency. In our positive control analyses, both higher serum 25(OH)D concentration and circulating 25(OH)D concentration causally decrease the risk of vitamin D deficiency (Table 4). No heterogeneity or pleiotropy was detected in the positive control analyses.
TABLE 4 | Inverse variance weighted estimates for positive control analyses.
[image: Table 4]DISCUSSION
This is the first study using the two-sample MR method to explore the causal association between serum 25(OH)D and LBP based on large-scale GWAS data. Briefly, our results strongly indicated that higher serum 25(OH)D levels had a causal effect on a decreased risk of LBP through the main estimation of IVW (OR = 0.89, 95% CI = 0.83–0.96, p = 0.002).
LBP, as one of the non-specific consequences of musculoskeletal diseases, has major effects on physical health by limiting mobility and quality of life. And LBP contributed to a serious burden on individuals and the medical care system. Because of the unclear pathophysiological cause, no specific treatments can be provided. In several studies and different populations, Vitamin D deficiency has been suggested as a possible contributing factor in the pathogenesis and maintenance of LBP (Johansen et al., 2013; Ghai et al., 2015; Thorneby et al., 2016; Wu et al., 2019). Some studies support the associations. Silva et al. compared 9,305 women with and without hypovitaminosis D and showed a higher frequency and severity of back pain in the former (69.5% vs. 66.9%, p = 0.022) (e Silva et al., 2013). While other studies failed to demonstrate any relationships between them. In a nested case-control, prospective study of the Norwegian community, no association between vitamin D status and risk of chronic LBP was found in the total data set (OR = 1.01, 95% CI 0.97–1.06) or in individuals with blood samples (OR = 0.99, 95% CI 0.93–1.06) (Heuch et al., 2017). Also, a double-blind trial on the role of vitamin D in nonspecific LBP showed no significant improvement in pain when compared with those given a placebo (Sandoughi et al., 2015). Another cross-sectional case-control study demonstrated no difference in vitamin D levels between participants with LBP and matched controls (Thorneby et al., 2016). These inconsistent conclusions may stem from many confounding reasons, such as various study designs and different populations. In our study, we used the method of Mendelian randomization analysis. In this approach, genetic instruments can be used to infer causal relationships in a potential causal manner, avoiding bias due to confounding, and estimating the putative causal relationship under different conditions. Besides, we replicate the analysis in another independent GWAS dataset and performed a meta-analysis. The potential risk factors and a series of sensitivity analyses were also performed to avoid violations. Thus, our results provided a robust conclusion that serum 25(OH)D has a causal effect on LBP.
To date, there is still no conclusive mechanism for how Vitamin D affects LBP. Several mechanisms have been proposed to link Vitamin D to the pathogenesis of LBP. Firstly, Vitamin D is a steroid hormone and plays a crucial role in the maintenance of bone and calcium homeostasis. As a result of reduced serum 25(OH)D concentrations, bone mass declines and bone pain develops (Heath and Elovic, 2006). Secondly, vitamin D receptors (VDR) are widely expressed in many tissues. Underlying the potential physiological actions for vitamin D, genetic deletion of this receptor can lead to poor muscle function (Boland, 2011). It has been ascertained that vitamin D deficiency increases the risk of falling, low muscle strength, and balance disorders (Saponaro et al., 2020). Another pathophysiologic explanation is the relationship of inflammation with vitamin D deficiency. As a result of vitamin D modulation of the RANK-RANKL osteoprotegerin system, an inflammatory cytokine response is triggered (Lacativa and Farias, 2010). Besides, other mechanisms have been proposed to link vitamin D deficiency to chronic pain, including the effects of immunoregulatory and proinflammatory, central and peripheral pain regulation of cytokine, and muscular effects of secondary hyperparathyroidism (Haroon and FitzGerald, 2012).
To the best of our knowledge, this is the first MR to explore the causal relationship between serum 25(OH)D and LBP. Our study has several major strengths. Firstly, GWAS datasets for LBP and serum 25(OH)D genetic IVs are both derived from European people, which avoids the effects of population stratification. Secondly, the selected GWAS datasets included a large sample size that contains millions of SNPs detected, largely improving the statistical power. Most importantly, to ensure the stability of the results, we conducted a replicate analysis and several additional methods to support the robustness of the estimation. As our findings suggested, supplementing vitamin D might relieve patients’ sufferings from LBP. And those with LBP symptoms could detect their serum 25(OH)D concentration to exclude vitamin D deficiency-dependent LBP.
Limitations should also be noted in this MR. Firstly, we identified the assumed causal effect between 25(OH)D and LBP in European ancestries. Future studies were necessary to extend our conclusion to other populations. Secondly, the mechanisms by which genetically increased serum 25(OH)D reduce the risk of LBP in the European population need to be further verified. Thirdly, we only used summary-level statistics, and hence stratification analysis was not allowed.
CONCLUSIONS
In our MR study, genetically increased serum 25(OH)D levels were associated with reduced risk of LBP in the European population. This might have an implication for clinicians that vitamin D supplements might be effective for patients with LBP in clinical practice.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.
AUTHOR CONTRIBUTIONS
XJ and RZ designed the study. XJ, RZ, and YH conducted research. XJ and RZ analyzed the data. XJ, RZ, YH, TZ and WZ wrote this paper. All authors contributed to the article and approved the submitted version.
ACKNOWLEDGMENTS
The authors would like to thank all the genetics consortiums for making the GWAS summary data publicly available.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fgene.2022.1001265/full#supplementary-material
Supplementary Figure S1 | Three basic assumptions of the two-sample Mendelian randomization study design.
Supplementary Figure S2 | The leave one out plot indicating the causal effect is not violated by single SNP.
REFERENCES
 Afzal, S., Brøndum-Jacobsen, P., Bojesen, S. E., and Nordestgaard, B. G. (2014). Vitamin D concentration, obesity, and risk of diabetes: A mendelian randomisation study. Lancet. Diabetes Endocrinol. 2 (4), 298–306. doi:10.1016/S2213-8587(13)70200-6
 Berridge, M. J. (2015). Vitamin D cell signalling in health and disease. Biochem. Biophys. Res. Commun. 460 (1), 53–71. doi:10.1016/j.bbrc.2015.01.008
 Boland, R. L. (2011). VDR activation of intracellular signaling pathways in skeletal muscle. Mol. Cell. Endocrinol. 347 (1-2), 11–16. doi:10.1016/j.mce.2011.05.021
 Bowden, J., Davey Smith, G., and Burgess, S. (2015). Mendelian randomization with invalid instruments: Effect estimation and bias detection through egger regression. Int. J. Epidemiol. 44 (2), 512–525. doi:10.1093/ije/dyv080
 Bowden, J., Davey Smith, G., Haycock, P. C., and Burgess, S. (2016). Consistent estimation in mendelian randomization with some invalid instruments using a weighted median estimator. Genet. Epidemiol. 40 (4), 304–314. doi:10.1002/gepi.21965
 Bowden, J., Spiller, W., Del Greco, M. F., Sheehan, N., Thompson, J., Minelli, C., et al. (2018). Improving the visualization, interpretation and analysis of two-sample summary data Mendelian randomization via the Radial plot and Radial regression. Int. J. Epidemiol. 47, 2100–1278. doi:10.1093/ije/dyy265
 Burgess, S., Butterworth, A., and Thompson, S. G. (2013). Mendelian randomization analysis with multiple genetic variants using summarized data. Genet. Epidemiol. 37 (7), 658–665. doi:10.1002/gepi.21758
 Burgess, S., and Thompson, S. G. (2017). Interpreting findings from Mendelian randomization using the MR-Egger method. Eur. J. Epidemiol. 32 (5), 377–389. doi:10.1007/s10654-017-0255-x
 Chen, X., Hong, X., Gao, W., Luo, S., Cai, J., Liu, G., et al. (2022). Causal relationship between physical activity, leisure sedentary behaviors and COVID-19 risk: A mendelian randomization study. J. Transl. Med. 20 (1), 216. doi:10.1186/s12967-022-03407-6
 Chen, X., Kong, J., Pan, J., Huang, K., Zhou, W., Diao, X., et al. (2021). Kidney damage causally affects the brain cortical structure: A mendelian randomization study. Mendelian randomization study. EBioMedicine 72, 103592. doi:10.1016/j.ebiom.2021.103592
 Chenot, J. F., Greitemann, B., Kladny, B., Petzke, F., Pfingsten, M., and Schorr, S. G. (2017). Non-specific low back pain. Dtsch. Arztebl. Int. 114 (51-52), 883–890. doi:10.3238/arztebl.2017.0883
 Didelez, V., and Sheehan, N. (2007). Mendelian randomization as an instrumental variable approach to causal inference. Stat. Methods Med. Res. 16 (4), 309–330. doi:10.1177/0962280206077743
 e Silva, A. V., Lacativa, P. G., Russo, L. A., de Gregorio, L. H., Pinheiro, R. A., and Marinheiro, L. P. (2013). Association of back pain with hypovitaminosis D in postmenopausal women with low bone mass. BMC Musculoskelet. Disord. 14, 184. doi:10.1186/1471-2474-14-184
 Emdin, C. A., Khera, A. V., Kathiresan, S., and Randomization, M. (2017). Mendelian randomization.JAMA 318 (19), 1925–1926. doi:10.1001/jama.2017.17219
 Ghai, B., Bansal, D., Kapil, G., Kanukula, R., Lavudiya, S., and Sachdeva, N. (2015). High prevalence of hypovitaminosis D in Indian chronic low back patients. Pain Physician 18 (5), E853–E862. doi:10.36076/ppj.2015/18/e853
 Haroon, M., and FitzGerald, O. (2012). Vitamin D deficiency: Subclinical and clinical consequences on musculoskeletal health. Curr. Rheumatol. Rep. 14 (3), 286–293. doi:10.1007/s11926-012-0244-8
 Heath, K. M., and Elovic, E. P. (2006). Vitamin D deficiency: Implications in the rehabilitation setting. Am. J. Phys. Med. Rehabil. 85 (11), 916–923. doi:10.1097/01.phm.0000242622.23195.61
 Hemani, G., Zheng, J., Elsworth, B., Wade, K. H., Haberland, V., Baird, D., et al. (2018). The MR-Base platform supports systematic causal inference across the human phenome. Elife 7, e34408. doi:10.7554/eLife.34408
 Heuch, I., Heuch, I., Hagen, K., Mai, X. M., Langhammer, A., and Zwart, J. A. (2017). Is there an association between vitamin D status and risk of chronic low back pain? A nested case-control analysis in the nord-trondelag health study. BMJ Open 7 (11), e018521. doi:10.1136/bmjopen-2017-018521
 Hossein-nezhad, A., and Holick, M. F. (2013). Vitamin D for health: A global perspective. Mayo Clin. Proc. 88 (7), 720–755. doi:10.1016/j.mayocp.2013.05.011
 Hsiao, M. Y., Hung, C. Y., Chang, K. V., Han, D. S., and Wang, T. G. (2015). Is serum hypovitaminosis D associated with chronic widespread pain including fibromyalgia? A meta-analysis of observational studies. Pain Physician 18 (5), E877–E887. doi:10.36076/ppj.2015/18/e877
 Jiang, X., O'Reilly, P. F., Aschard, H., Hsu, Y. H., Richards, J. B., Dupuis, J., et al. (2018). Genome-wide association study in 79, 366 European-ancestry individuals informs the genetic architecture of 25-hydroxyvitamin D levels. Nat. Commun. 9 (1), 260. doi:10.1038/s41467-017-02662-2
 Johansen, J. V., Manniche, C., and Kjaer, P. (2013). Vitamin D levels appear to be normal in Danish patients attending secondary care for low back pain and a weak positive correlation between serum level vitamin D and modic changes was demonstrated: A cross-sectional cohort study of consecutive patients with non-specific low back pain. BMC Musculoskelet. Disord. 14, 78. doi:10.1186/1471-2474-14-78
 Kurki, M. I., Karjalainen, J., Palta, P., Sipilä, T. P., Kristiansson, K., Donner, K., et al. (2022) FinnGen: Unique genetic insights from combining isolated population and national health register data. Available at: http//:medRxiv/org/abs.2022.03.03.22271360.
 Lacativa, P. G., and Farias, M. L. (2010). Osteoporosis and inflammation. Arq. Bras. Endocrinol. Metabol. 54 (2), 123–132. doi:10.1590/s0004-27302010000200007
 Maher, C., Underwood, M., and Buchbinder, R. (2017). Non-specific low back pain. Lancet 389 (10070), 736–747. doi:10.1016/S0140-6736(16)30970-9
 Michaelsson, K., Melhus, H., and Larsson, S. C. (2018). Serum 25-hydroxyvitamin D concentrations and major depression: A mendelian randomization study. Nutrients 10 (12), E1987. doi:10.3390/nu10121987
 Michalska-Kasiczak, M., Sahebkar, A., Mikhailidis, D. P., Rysz, J., Muntner, P., Toth, P. P., et al. (2015). Analysis of vitamin D levels in patients with and without statin-associated myalgia - a systematic review and meta-analysis of 7 studies with 2420 patients. Int. J. Cardiol. 178, 111–116. doi:10.1016/j.ijcard.2014.10.118
 Ong, J. S., and MacGregor, S. (2019). Implementing MR-PRESSO and GCTA-GSMR for pleiotropy assessment in Mendelian randomization studies from a practitioner's perspective. Genet. Epidemiol. 43 (6), 609–616. doi:10.1002/gepi.22207
 Pierce, B. L., Ahsan, H., and Vanderweele, T. J. (2011). Power and instrument strength requirements for Mendelian randomization studies using multiple genetic variants. Int. J. Epidemiol. 40 (3), 740–752. doi:10.1093/ije/dyq151
 Sandoughi, M., Zakeri, Z., Mirhosainee, Z., Mohammadi, M., and Shahbakhsh, S. (2015). The effect of vitamin D on nonspecific low back pain. Int. J. Rheum. Dis. 18 (8), 854–858. doi:10.1111/1756-185X.12172
 Saponaro, F., Saba, A., and Zucchi, R. (2020). An update on vitamin D metabolism. Int. J. Mol. Sci. 21 (18), E6573. doi:10.3390/ijms21186573
 Thorneby, A., Nordeman, L. M., and Johanson, E. H. (2016). No association between level of vitamin D and chronic low back pain in Swedish primary care: A cross-sectional case-control study. Scand. J. Prim. Health Care 34 (2), 196–204. doi:10.1080/02813432.2016.1183557
 Vos, T., Lim, S. S., Abbafati, C., Abbas, K. M., Abbasi, M., Abbasifard, M., et al. (2020). Global burden of 369 diseases and injuries in 204 countries and territories, 1990–2019: A systematic analysis for the global burden of disease study 2019. Lancet 396 (10258), 1204–1222. doi:10.1016/S0140-6736(20)30925-9
 Wang, R. (2022). Mendelian randomization study updates the effect of 25-hydroxyvitamin D levels on the risk of multiple sclerosis. J. Transl. Med. 20 (1), 3. doi:10.1186/s12967-021-03205-6
 Wu, Z., Camargo, C. A., Sluyter, J. D., Khaw, K. T., Malihi, Z., Waayer, D., et al. (2019). Association between serum 25-hydroxyvitamin D levels and self-reported chronic pain in older adults: A cross-sectional analysis from the ViDA study. J. Steroid Biochem. Mol. Biol. 188, 17–22. doi:10.1016/j.jsbmb.2018.11.018
 Wu, Z., Malihi, Z., Stewart, A. W., Lawes, C. M., and Scragg, R. (2018). The association between vitamin D concentration and pain: A systematic review and meta-analysis. Public Health Nutr. 21 (11), 2022–2037. doi:10.1017/S1368980018000551
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Jiang, Zhou, He, Zhu and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fgene-13-1001265-t004.jpg
Exposure OR 95% CI )4 MR-egger intercept Cochran’s Q
p value test p
value
Serum 25(OH)D concentration 045 0.25-0.82 0.01 071 006
Circulating 25(OH)D concentration 008 0.008-0.84 0.03 033 014





OPS/images/fgene-13-1001265-t002.jpg
MR methods OR 95% CI P MR-egger intercept Cochran’s Q
p value test p
value
IvW 098 0.96-1.00 0.07 076 035
MR Egger 100 097-1.03 0.89
Weighted median 098 097-101 018

MR, mendelian randomization; IVW, inverse variance weighted; OR, odds ratio.





OPS/images/fgene-13-1001265-t003.jpg
Exposure Outcome OR/beta 95% CI )4

Serum 25(OH)D concentration Alcohol intake frequency -0.037 ~0.085 to 0.11 0.13
BMI 0.011 ~0.025 to 0.048 053
Obesity 1.00 0998 to 1.001 054





OPS/xhtml/nav.xhtml
Contents

		Cover

		Causal effect of serum 25-hydroxyvitamin D levels on low back pain: A two-sample mendelian randomization study		Introduction

		Materials and methods		Study design

		Genetic variants associated with serum 25(OH)D

		GWAS summary data for low back pain

		Replicated analysis of causal effect between 25(OH)D on low back pain

		Positive validation of the mendelian randomization analysis

		Statistical analyses





		Results		Primary analyses

		Replicated analyses and meta-analysis

		Potential risk factors analysis and positive control analyses





		Discussion

		Conclusions

		Data availability statement

		Author contributions

		Acknowledgments

		Publisher’s note

		Supplementary material

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Genetics






OPS/images/fgene-13-1001265-g001.gif





OPS/images/fgene-13-1001265-t001.jpg
Pleiotropy test Heterogeneity test

MR _egger PRESSO MR_egger vw
Intercept SE » P Q Qdf Qpal Q Qdf Qpwal
~0.0007 0.002 0728 <0.001 163.92 105 < 0.001 164.11 106 < 0.001

MR, mendelian randomization; SE, standard error. p > 0.05 represents no significant pleiotropy. Q_pval 20.05 represents no significant heterogeneity. IVW, inverse variance weighted.









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
P frontiers | Frontiers in Genetics





