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Previous observational studies have suggested an important role of omega-3 in low back pain. In the present study, we used a two-sample Mendelian randomization (MR) study to identify the putative causal link between omega-3 and low back pain. A broadly used genome-wide association study (GWAS) (n = 8,866 individuals from European ancestry) was used to select plasma omega-3 genetic instrumental variables (IVs). A previously reported GWAS (4,863 cases and 74,589 controls from European ancestry) for low back pain were used to assess the effect of plasma omega-3 levels on low back pain. MR-egger_intercept, MR-PRESSO, MR_egger, and inverse variance weighted (IVW) in Cochran's Q-test were used to determine the pleiotropy and heterogeneity, respectively. MR-egger, weighted median, IVW, and weighted mode were used to perform MR analysis. Finally, the effect of a single nucleotide polymorphism (SNP) was used to test the SNP bias. We did not find a significant pleiotropy or heterogeneity of all six selected plasma omega-3 genetic IVs in low back pain GWAS. Expectedly, we found that as plasma omega-3 levels genetically increased, the risk of low back pain had a decreased trend using MR-egger (Beta = −0.593, p = 0.228; OR = 0.553) and weighted mode (Beta = −0.251, p = 0.281; OR = 0.778). This reduced trend was further proven by weighted median (Beta = −0.436, p = 0.025; OR = 0.646) and IVW (Beta = −0.366, p = 0.049; OR = 0.694). Our analysis suggested a putative causal link between genetically increased plasma omega-3 levels and the reduced risk of low back pain in European ancestries. Thus, the supplementation of omega-3 may be important for the prevention and treatment of low back pain.
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INTRODUCTION

Low back pain is not only a critical indication of medical rehabilitation, but also an important cause for loss from work (1). It has become a major public health problem worldwide and also an extremely common problem that occurs in above 80% of people (2). It is reported that the lifetime prevalence of low back pain is as high as 84%, and about 23% is chronic low back pain (3). Thus, the identification of risk and protective factors will be a key step to the prevention and treatment of low back pain.

The supplementation of omega-3 dietary was reported to reduce systemic inflammation and protect the progression of intervertebral disc (IVD) degeneration, a common cause of low back pain (4). Critically, a randomized controlled trial (RCT) demonstrated omega-3 dietary supplementation using fish oil significantly reduced low back pain (5). A recent RCT showed that eicosapentaenoic acid (EPA), one important omega-3 member, was effective for pain relief in adults with lower back pain (6). Although these results suggest an important role of omega-3 in the treatment of low back pain, the putative causal link between omega-3 and low back pain is still unclear.

Mendelian randomization (MR) is a method using specific genetic variants as a natural experiment to evaluate the putative causal relations between a potential exposure factor and outcome factor (7–9). Thus, we used a two-sample MR study to identify the putative causal link between plasma omega-3 levels and low back pain.



MATERIALS AND METHODS


Ethics Approval and Consent to Participate

Our study was approved by the Ethics Committee of the Beijing Institute of Brain Disorders in Capital Medical University. This article contains human participants collected by several studies to report the large-scale genome-wide association study (GWAS) for omega-3 fatty acids from the CHARGE Consortium (10) and for low back pain https://gwas.mrcieu.ac.uk/datasets/finn-a-M13_LOWBACKPAIN. All participants gave informed consent in all the corresponding original studies, as described in the Methods.



Study Design

In the two-sample MR study, three principal assumptions (11, 12) were described in Figure 1. Assumption 1 was that omega-3 fatty acid genetic instrument variants are reliably associated with the levels of plasma omega-3 fatty acids (exposure factor). Assumption 2 was that omega-3 fatty acid genetic instrument variants should undoubtedly be not associated with any confounders. Assumption 3 was that omega-3 fatty acid genetic instrument variants firmly influence the risk of outcome (low back pain) through exposure factor (the omega-3 fatty acids) but not through other pathways.


[image: Figure 1]
FIGURE 1. The design flow chart for the Mendelian randomization (MR) study. MR assumptions: assumption 1, 2, and 3. The solid line represents direct putative causal effects that plasma omega-3 genetic instrumental variants are reliably associated with I plasma omega-3 levels and influence the risk of low back pain through the plasma omega-3 in assumption 1. The dotted line represents that plasma omega-3 genetic instrumental variants are not associated with any measured and unmeasured confounders and do not influence the risk of low back pain through other pathways in assumptions 2 and 3, respectively.




Plasma Omega-3 Fatty Acid Genetic Instrumental Variants (IVs)

The plasma omega-3 fatty acid GWAS (n = 8,866 individuals from European ancestry) was reported by Lemaitre et al. (10). It is a well-known genome-wide association meta-analysis of omega-3 fatty acids from individuals of European ancestry (10). Six single nucleotide polymorphisms (SNPs) in Table 1 with P < 5 × 10−8 and no linkage disequilibrium (LD) (R2 < 0.001) were selected as the genetic IVs and broadly utilized in the MR analysis (13–15). Of six omega-3 SNPs, 3, 2, and 1 SNPs are for docosapentaenoic acid (DPA), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA), respectively.


Table 1. Six plasma omega-3 genetic instrumental variants.
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Low Back Pain GWAS Dataset

The summary dataset of low back pain GWAS was found by searching GWAS ID: finn-a-M13_LOWBACKPAIN on the web https://gwas.mrcieu.ac.uk/datasets/. This GWAS consisting of 4,863 low back pain cases and 74,589 controls was identified in 2020. All individuals are from European ancestry. The demographic profiles about low back pain GWAS were summarized in Table 2.


Table 2. Genome-wide association study (GWAS) for low back pain.
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Extracting the Omega-3 Fatty Acid Genetic IVs From low Back Pain GWAS Dataset

We successfully extracted the summary statistics corresponding to the six omega-3 fatty acid genetic IVs from low back pain GWAS. The summary about the association of the omega-3 genetic IVs in the low back pain GWAS dataset is shown in Table 3.


Table 3. Association of plasma omega-3 genetic instrumental variables (IVs) with low back pain GWAS.
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Pleiotropy Test

MR-egger_intercept and MR-PRESSO tests have been used to examine the pleiotropy and have previously been described (16). The TwoSampleMR R package was used to perform MR-egger_intercept and MR-PRESSO tests by the function “mr_pleiotropy_test” and “MR-PRESSO,” respectively. MR-egger_intercept and MR-PRESSO tests demonstrated that p values were.569 and.173, respectively. P ≥ 0.05 represents no significant pleiotropy of the omega-3 genetic IVs in low back pain GWAS. The summary of the pleiotropy test is shown in Table 4.


Table 4. Pleiotropy test of plasma omega-3 genetic IVs in GWAS for low back pain.
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Heterogeneity Test

MR_egger and inverse variance weighted (IVW) in Cochran's Q statistic have been broadly used to examine the heterogeneity and previously been described (17, 18). The TwoSampleMR R package was used to perform Cochran's Q statistic by the function “mr_heterogeneity.” MR_egger and IVW tests in Cochran's Q statistic demonstrated that p values were 0.052 and 0.067, respectively. P ≥ 0.05 represents no significant heterogeneity of the omega-3 genetic IVs in low back pain GWAS. The summary results of the heterogeneity test are shown in Table 4.



MR Analysis

The TwoSampleMR R package was used to perform the MR analysis. The MR analysis was performed by the function “mr.” We selected four MR analysis methods, namely, MR-egger, weighted median, IVW, and Weighted mode (16, 19, 20). The effect size (beta) and (SE) correspond to 1 SD in the omega-3 levels. P < 0.05 represents the putative causal link between the omega-3 levels and low back pain. The summary results of MR analysis were shown in Table 5.


Table 5. The putative causal association of plasma omega-3 levels with low back pain.
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Single SNP Effect Analysis

In the TwoSampleMR R package, two functions, “mr” and “mr_scatter_plot,” were used to test the individual putative causal effect of plasma omega-3 levels on low back pain (Figure 2). To determine the single SNP effect size for omega-3 on low back pain, two functions, “mr_singlesnp” and “mr_forest_plot,” were used in the TwoSampleMR R package (Figure 3). To determine the single SNP bias of 11 independent plasma omega-3 genetic IVs in low back pain, two functions “mr_singlesnp” and “mr_leaveoneout_plot” in the TwoSampleMR R package were used to analyze the effect of leave-one-out (Figure 4).


[image: Figure 2]
FIGURE 2. Individual estimates about the putative causal effect of omega-3 on low back pain. The x-axis shows the single nucleotide polymorphism (SNP) effect and SE on each omega-3. The y-axis shows the SNP effect and SE on low back pain. The regression line for MR Egger, Weighted median, inverse variance weighted (IVW), Simple mode, and Weighted mode is shown.



[image: Figure 3]
FIGURE 3. Forest plot of omega-3 associated with risk of low back pain. The x-axis shows the MR effect size for omega-3 on low back pain. The y-axis shows the analysis for each of the SNPs.



[image: Figure 4]
FIGURE 4. MR leave-one-out sensitivity analysis for the effect of omega-3 SNPs on low back pain. The x-axis shows MR leave-one-out sensitivity analysis for omega-3 on low back pain. The y-axis shows the analysis for the effect of leave-one-out of SNPs on low back pain.





RESULTS


Pleiotropy and Heterogeneity Analysis

Six omega-3 fatty acid genetic IVs (Table 1) were successfully extracted from the low back pain GWAS dataset (Table 2). The association of six omega-3 fatty acid genetic IVs in the low back pain GWAS is shown (Table 3). Both MR-egger intercept and the MR-PRESSO test showed p > 0.05 (Table 4) suggesting no significant pleiotropy of Six omega-3 fatty acid genetic IVs in the low back pain GWAS. In addition, both MR egger and IVW in Cochran's Q-test showed p > 0.05 (Table 4) suggesting no significant heterogeneity of six omega-3 fatty acid genetic IVs in low back pain GWAS. Thus, all these selected omega-3 genetic IVs should be taken as the effective IVs in the MR analysis.



MR Analysis

Expectedly, we found that as plasma omega-3 levels genetically increased, the risk of low back pain had a decreased trend using MR-egger (Beta = −0.593, p = 0.228; OR = 0.553) and weighted mode (Beta = −0.251, p = 0.281; OR = 0.778) (Table 5). This reduced trend was further proven by weighted median (Beta = −0.436, p = 0.025; OR = 0.646) and IVW (Beta = −0.366, p = 0.049; OR = 0.694) (Table 5). Our analysis suggested a putative causal association between genetically increased plasma omega-3 levels and the reduced risk of low back pain from European ancestries.



Single SNP Effect Analysis

The individual MR estimates demonstrate that as the effect of a single SNP on omega-3 increased, the suppressive effect of a single SNP on low back pain increased, as determined using four MR analysis methods, namely, MR-egger, weighted median, IVW, and weighted mode (Figure 2). Each effect size analysis suggests that each effect of omega-3 SNPs on low back pain was robust (Figure 3). The MR leave-one-out sensitivity analysis suggested that removing a specific SNP of the six omega-3 SNPs did not change the results (Figure 4). Altogether, these results indicate that our data were robust without obvious bias.




DISCUSSION

Previous observational studies have suggested an important role of omega-3 in low back pain (4–6). In the present two-sample MR study, we established a putative causal link between plasma omega-3 levels and low back pain in the European population.

Pharmacologic treatments are fundamental for both acute and chronic low back pain (21). Acetaminophen and non-steroidal anti-inflammatory drugs (NSAIDs) have been shown effective for short-term relief (22–24). Omega-3 fatty acids are known to reduce inflammatory processes with a relatively benign side effect profile (4). Thus, omega-3 dietary supplementation has potential protective effects on the progression of spinal disc degeneration by reducing systemic inflammation (4).

Mendelian randomization (MR) study uses genetic variants to determine whether an observational association between a risk factor (e.g., omega-3) and an outcome (e.g., low back pain) is consistent with a putative causal effect (25). This approach retains the benefits of using genetic instruments for putative causal inference, such as avoiding bias due to confounding, while allowing for estimation of the different effects required for mediation analysis (26). Thus, a putative causal link between plasma omega-3 levels and low back pain in the European population is strong because of the advantages of the MR study.

Our MR study has several strengths. First, GWAS datasets for low back pain and omega-3 genetic IVs are from European ancestries. Thus, this removes the influence of population stratification. Second, omega-3 genetic IVs were chosen from several previous papers (13–15). Third, we used four different methods to prove independent omega-3 genetic SNPs as the effective IVs. Fourth, we used four MR analysis methods including MR-egger, weighted median, IVW, and weighted mode. Finally, we used three methods to demonstrate a single SNP effect and showed that omega-3 genetic IVs were robust without obvious bias.

Of course, our MR study also had many limitations. First, we only analyzed one GWAS for low back pain. We need much more GWAS datasets for low back pain to prove our conclusion. Second, we identified a putative causal link between omega-3 and low back pain in European ancestries. We need to expand our conclusion to other populations. Finally, the mechanisms by which genetically increased plasma omega-3 levels reduce the risk of low back pain in the European population need further be explored.

Omega-3 is present in several dietary supplement formulations including fish oil. A 1,000 mg fish oil supplement provides 180 mg EPA and 120 mg DHA. A previous randomized controlled trial (RCT) demonstrated that after 3 months of supplementation with 15 mL fish oil daily (550 mg EPA; 205 mg DHA), 36 girls aged 18–22 years had a marked reduction in low back pain (5). Based on this RCT, we recommended 3 g fish oil daily for 3 months to treat low back pain. Of course, more research on the recommended dosage of fish oil is needed using randomized controlled trials (RCTs).

In summary, our MR study suggested a putative causal association between genetically increased plasma omega-3 levels and reduced risk of low back pain in the European population. Thus, it is important for European patients with low back pain to take in omega-3 fatty acids.



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/s.



ETHICS STATEMENT

Our study was approved by the Ethics Committee of Beijing Institute of Brain Disorders in Capital Medical University. This article contains human participants collected by several studies to report the large-scale GWAS for plasma omega-3 fatty acids and for low back pain. All participants gave informed consent in all the corresponding original studies, as described in the Methods.



AUTHOR CONTRIBUTIONS

RW conceived and initiated the project. RW, SZ, and GZ analyzed the data and wrote the manuscript. All authors contributed to the interpretation of the results, critical revision of the manuscript, and approved the final version of the manuscript.



FUNDING

This study was supported by grants from the National Natural Science Foundation of China (82071758, 31770956, and 81704151) and the Beijing Municipal Commission of Education (KM201710025014).



ACKNOWLEDGMENTS

We thank the IEU Open GWAS project (https://gwas.mrcieu.ac.uk/datasets/) for providing summary results data for the analyses.



ABBREVIATIONS

GWAS, Genome-wide association study; MR, Mendelian randomization; SNP, Single nucleotide polymorphism; IVW, Inverse variance weighted.



REFERENCES

 1. Chenot JF, Greitemann B, Kladny B, Petzke F, Pfingsten M, Schorr SG. Non-specific low back pain. Dtsch Arztebl Int. (2017) 114:883–90. doi: 10.3238/arztebl.2017.0883

 2. Patrick N, Emanski E, Knaub MA. Acute and chronic low back pain. Med Clin North Am. (2014) 98:777–89. doi: 10.1016/j.mcna.2014.03.005

 3. Balague F, Mannion AF, Pellise F, Cedraschi C. Non-specific low back pain. Lancet. (2012) 379:482–91. doi: 10.1016/S0140-6736(11)60610-7

 4. NaPier Z, Kanim LEA, Arabi Y, Salehi K, Sears B, Perry M, et al. Omega-3 fatty acid supplementation reduces intervertebral disc degeneration. Med Sci Monit. (2019) 25:9531–7. doi: 10.12659/MSM.918649

 5. Moghadamnia AA, Mirhosseini N, Abadi MH, Omranirad A, Omidvar S. Effect of Clupeonella grimmi (anchovy/kilka) fish oil on dysmenorrhoea. East Mediterr Health J. (2010) 16:408–13. doi: 10.26719/2010.16.4.408

 6. Sasahara I, Yamamoto A, Takeshita M, Suga Y, Suzuki K, Nishikata N, et al. l-Serine and EPA relieve chronic low-back and knee pain in adults: a randomized, double-blind, placebo-controlled trial. J Nutr. (2020) 150:2278–86. doi: 10.1093/jn/nxaa156

 7. Davies NM, Holmes MV, Davey Smith G. Reading mendelian randomization studies: a guide, glossary, and checklist for clinicians. BMJ. (2018) 362:k601. doi: 10.1136/bmj.k601

 8. Wang R. Genetic variation of interleukin-1 receptor type 1 is associated with severity of COVID-19 disease. J Infect. (2021) 121:10. doi: 10.1016/j.jinf.2021.12.010

 9. Wang R. Mendelian randomization study updates the effect of 25-hydroxyvitamin D levels on the risk of multiple sclerosis. J Transl Med. (2022) 20:3. doi: 10.1186/s12967-021-03205-6

 10. Lemaitre RN, Tanaka T, Tang W, Manichaikul A, Foy M, Kabagambe EK, et al. Genetic loci associated with plasma phospholipid n-3 fatty acids: a meta-analysis of genome-wide association studies from the CHARGE Consortium. PLoS Genet. (2011) 7:e1002193. doi: 10.1371/journal.pgen.1002193

 11. Went M, Cornish AJ, Law PJ, Kinnersley B, van Duin M, Weinhold N, et al. Search for multiple myeloma risk factors using Mendelian randomization. Blood Adv. (2020) 4:2172–9. doi: 10.1182/bloodadvances.2020001502

 12. Liu H, Zhang Y, Zhang H, Wang L, Wang T, Han Z, et al. Effect of plasma vitamin C levels on Parkinson's disease and age at onset: a Mendelian randomization study. J Transl Med. (2021) 19:221. doi: 10.1186/s12967-021-02892-5

 13. Khankari NK, Murff HJ, Zeng C, Wen W, Eeles RA, Easton DF, et al. Polyunsaturated fatty acids and prostate cancer risk: a Mendelian randomization analysis from the PRACTICAL consortium. Br J Cancer. (2016) 115:624–31. doi: 10.1038/bjc.2016.228

 14. May-Wilson S, Sud A, Law PJ, Palin K, Tuupanen S, Gylfe A, et al. Pro-inflammatory fatty acid profile and colorectal cancer risk: a Mendelian randomization analysis. Eur J Cancer. (2017) 84:228–38. doi: 10.1016/j.ejca.2017.07.034

 15. Park S, Lee S, Kim Y, Lee Y, Kang M, Kim K, et al. Causal effects of serum levels of n-3 or n-6 polyunsaturated fatty acids on coronary artery disease: mendelian randomization study. Nutrients. (2021) 13:1490. doi: 10.3390/nu13051490

 16. Verbanck M, Chen CY, Neale B, Do R. Detection of widespread horizontal pleiotropy in causal relationships inferred from Mendelian randomization between complex traits and diseases. Nat Genet. (2018) 50:693–8. doi: 10.1038/s41588-018-0099-7

 17. Greco MF, Minelli C, Sheehan NA, Thompson JR. Detecting pleiotropy in Mendelian randomization studies with summary data and a continuous outcome. Stat Med. (2015) 34:2926–40. doi: 10.1002/sim.6522

 18. Liu G, Zhang S, Cai Z, Ma G, Zhang L, Jiang Y, et al. PICALM gene rs3851179 polymorphism contributes to Alzheimer's disease in an Asian population. Neuromolecular Med. (2013) 15:384–8. doi: 10.1007/s12017-013-8225-2

 19. Liu G, Zhao Y, Jin S, Hu Y, Wang T, Tian R, et al. Circulating vitamin E levels and Alzheimer's disease: a Mendelian randomization study. Neurobiol Aging. (2018) 72:189 e1– e9. doi: 10.1016/j.neurobiolaging.2018.08.008

 20. Burgess S, Thompson SG. Interpreting findings from Mendelian randomization using the MR-Egger method. Eur J Epidemiol. (2017) 32:377–89. doi: 10.1007/s10654-017-0255-x

 21. Urits I, Burshtein A, Sharma M, Testa L, Gold PA, Orhurhu V, et al. Low back pain, a comprehensive review: pathophysiology, diagnosis, and treatment. Curr Pain Headache Rep. (2019) 23:23. doi: 10.1007/s11916-019-0757-1

 22. Deyo RA, Weinstein JN. Low back pain. N Engl J Med. (2001) 344:363–70. doi: 10.1056/NEJM200102013440508

 23. Chou R. In the clinic. Low back pain. Ann Intern Med. (2014) 160(11):ITC6-1. doi: 10.7326/0003-4819-160-11-201406030-01006

 24. Roelofs PD, Deyo RA, Koes BW, Scholten RJ, van Tulder MW. Non-steroidal anti-inflammatory drugs for low back pain. Cochrane Database Syst Rev. (2008) 1:CD000396. doi: 10.1002/14651858.CD000396.pub3

 25. Emdin CA, Khera AV, Kathiresan S. Mendelian randomization. JAMA. (2017) 318:1925–6. doi: 10.1001/jama.2017.17219

 26. Sanderson E. Multivariable mendelian randomization and mediation. Cold Spring Harb Perspect Med. (2021) 11:2. doi: 10.1101/cshperspect.a038984

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.

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.

Copyright © 2022 Zhou, Zhu, Xu, Gao, Li, Han, Su and Wang. 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/fnut-09-819635-t001.jpg
SNP EA NEA EAF Beta SE pval Gene
rs3798713 c G 0.43 0.035 0.0051 1.93E-12 ELovLz
rs174538 G A 0.72 0.0834 0.0056 5.37E-58 Ct1orf10
rs780094 T c 0.41 0.0167 0.0031 9.04E-09 GCKR
rs3734398 c T 0.57 0.0404 0.0026 9.61E-44 ELOVL2
rs174547 T c 0.33 0.0746 0.0026 3.79E-154 FADS1
152236212 G c 0.57 0.1132 0.0143 1.26E-15 ELOVL2

SNP. single-nucleotice polymorphism; EA, effect allele; NEA, non-eflect allele; EAF, effect allele frequency; Beta, the regression coefficient based on omega-3 raising effect allele; SE,
standard error; Six SNPs with p < 5 x 10~ were selected as independent genetic instrumental variants.





OPS/images/fnut-09-819635-t002.jpg
GWAS ID Year Trait ncase ncontrol nsnp Population Sex

finn-a- 2020 Low back pain 4,863 74,689 16,152,119 European Men and Women
M13_LOWBAGCKPAIN

GWAS ID, Genome-wide association study identity; ncase, the number of low back pain case; ncontrol, the number of the control; nsnp, the number of single-nucleotide polymorphism.





OPS/images/fnut-09-819635-g003.gif
153798713

153734398

15780094

12236212

rs174547

15174538

All- MR Egger -

Al - Inverse variance weighted

2 40 43
IR effect size for Omega-3 on Low back pain





OPS/images/fnut-09-819635-g004.gif
15174538

1174547 -

1780004 -

(3708713 -

(3734398

(2236212

Al

-1.00 075 -050 025 0.00
MR leave-one-out sensitivity analysis for Omega-3 on Low back pain





OPS/images/fnut-09-819635-t005.jpg
Method nsnp. Beta

MR Egger 6 —-0.593
Weighted median 6 -0.436
VW 6 -0.366
Weighted mode 6 -0.2561

SE

0.417
0.195
0.186
0.208

pval

0.228
0.025
0.049
0.281

OR

0.563
0.646
0.694
0.778

OR_Ici95

0.244
0.441
0.482
0518

OR_uci95

1.261
0.947
0.999
1.169

IVW, Inverse vriance weighted; nsnp, the number of single-nucleoticle polymorphisms; Beta, the regression coeficient based on plasma omega-3 raising effect allele; SE, standrd
error; p < 0.05 represents the putative causal association of the increased levels of plasma omega-3 with low back pain; OR, Odds ratio; OR_ci95, Lower limit of 95% confidence

interval for OR; OR_uci95, Upper limit of 95% confidence interval for OR.





OPS/images/fnut-09-819635-t003.jpg
SNP Exposure (plasma omega-3) GWAS Outcome (low back pain) GWAS c

Beta SE pval Beta SE pval
15174538 0.0834 0.0056 53768 -0.070 0023 0.002
rs174547 00746 0.0026 3.79E-154 -0.059 0022 0.007
152236212 0.1182 0.0143 1.26E-15 -0016 0022 0472
1s37343098 0.0404 0.0026 961E-44 0016 0022 0.469
1s3798713 0035 0.0051 1.98E-12 0016 0022 0471
15780004 00167 0.0031 9.04£:09 ~0.001 0022 0969

SN, single-nucleotice polymorphism; EA, effect allele; NEA, non-effect allele; EAF, effect allele frequency; Beta, the regression coeffcient based on plasma omega-3 raising effect alele;
SE, standard error.





OPS/images/fnut-09-819635-t004.jpg
Pleiotropy test Heterogeneity test

MR_Egger PRESSO MR Egger
Intercept SE pval pval Q Q_df Q_pval Q
0.018 0029 0569 0173 9.405 4 0052 10.309

SE, standard error. p val > 0.05 represents no significant pleiotropy. Q_pval > 0.05 represents no significant heterogeneity.

Q_df

Q_pval

0.067





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Mendelian Randomization Study on the Putative Causal Effects of Omega-3 Fatty Acids on Low Back Pain



		Introduction



		Materials and Methods



		Ethics Approval and Consent to Participate



		Study Design



		Plasma Omega-3 Fatty Acid Genetic Instrumental Variants (IVs)



		Low Back Pain GWAS Dataset



		Extracting the Omega-3 Fatty Acid Genetic IVs From low Back Pain GWAS Dataset



		Pleiotropy Test



		Heterogeneity Test



		MR Analysis



		Single SNP Effect Analysis







		Results



		Pleiotropy and Heterogeneity Analysis



		MR Analysis



		Single SNP Effect Analysis







		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Abbreviations



		References

















OPS/images/cover.jpg
’ frontiers
in Nutrition

Mendelian Randomization Study on
the Putative Causal Effects of
Omega-3 Fatty Acids on Low Back
Pain





OPS/images/fnut-09-819635-g001.gif
Assumption 2

/Cnm‘oumlzr
Omesa Assumption 1| Omega-3 Low back pain
Genetic instrumental variables. Risk factor. Outcomes

Assumption 3






OPS/images/fnut-09-819635-g002.gif
SNP effect on Low back pain

MR Test

" Inverse variance weighted ~ Weighted median

/]
/ MR Egger / Weighted mode

0025 0650 0675 0.400
SNP effect on Omega-3

025









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Nutrition





