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Background: Observational studies have indicated an association between polyunsaturated fatty acids (PUFAs) and chronic pain, but the potential causal link remains controversial. Here, we aimed to investigate whether a causal relationship exists between the concentration of circulating PUFAs and chronic pain as well as the direction of this association.

Methods: We collected statistical data from relevant genome-wide association studies to explore the causal link between four PUFAs, along with the ratio of omega-6 fatty acids (FAs) to omega-3 FAs (omega-6:3 ratio), and chronic pain in eight specific body parts. We used the inverse-variance weighting (IVW) method for two-sample Mendelian randomization (MR) analysis and conducted supplementary analyses using four other methods (MR-Egger, weighted median, weighted mode, and simple mode). To verify the robustness of the MR study, we performed multiple sensitivity analyses.

Results: The results revealed a negative correlation between omega-3 FAs [IVW, OR 95% CI: 0.952 (0.914, 0.991), p = 0.017] and docosahexaenoic acid (DHA) [IVW, OR 95% CI: 0.935 (0.893, 0.978), p = 0.003] with abnormal and pelvic pain. Furthermore, a positive correlation was observed between the omega-6:3 ratio [IVW, OR 95% CI: 1.057 (1.014, 1.101), p = 0.009] with abdominal and pelvic pain. Additionally, we found a negative correlation between omega-3 FAs [IVW, OR 95% CI: 0.947 (0.902, 0.994), p = 0.028] and lower back pain or sciatica. However, no causal relationship was found between the concentration of circulating PUFAs and pain in other body parts, including the face, throat and chest, joints, limbs, lower back, and gynecological parts. The robustness of these MR results was verified through multi-validity and retention method analyses.

Conclusion: Our analysis suggests that higher circulating concentrations of omega-3 FAs and DHA and a lower omega-6:3 ratio are associated with a reduced risk of abdominal and pelvic pain. Additionally, a higher concentration of circulating omega-3 FAs is linked to a reduced risk of lower back pain and/or sciatica. These findings have major implications for the targeted prevention and treatment of chronic pain using PUFAs.

KEYWORDS
 chronic pain, polyunsaturated fatty acid, Mendelian randomization, causal inference, genetics


1. Introduction

Chronic pain is defined as a pain sensation that persists or recurs for over 3 months (1). Over 30% of the global population currently suffers from chronic pain, making it a major public health issue (2). Unlike acute pain, chronic pain is long-lasting and can persist for years or even longer, imposing a substantial burden on individuals and the economy (3, 4). Therefore, identifying risk and protective factors for chronic pain is crucial for its prevention and treatment.

Polyunsaturated fatty acids (PUFAs) are essential fatty acids (FAs) that cannot be synthesized by the body and must be obtained through dietary intake (5). PUFAs are key components of cell membranes and play a crucial role in cell structure and function (6). Additionally, PUFAs are involved in regulating inflammatory response, antithrombotic processes, lipid metabolism, and other physiological functions (7–9). Observational studies have shown an association between PUFA intake and the occurrence and severity of chronic pain (10–13). Omega-3 FAs can reduce inflammatory markers in chondrocytes, exerting anti-inflammatory and analgesic effects, whereas omega-6 FAs can promote inflammation and induce pain (14). However, a five-year randomized controlled study conducted in the United States found that omega-3 FA supplementation did not improve knee pain caused by osteoarthritis (15). Therefore, the causal relationship between PUFAs and chronic pain remains unclear.

Mendelian randomization (MR) utilizes genetic variation as an instrumental variable to infer causal relationships between exposure and disease outcome (16). By following the Mendelian inheritance law of “random distribution of parental alleles to offspring” during gamete formation, genetic variation is not influenced by traditional confounding factors such as socioeconomic status, environmental exposure, and behavioral factors. Thus, MR overcomes the limitations of traditional epidemiological studies, which can be affected by confounding factors and reverse causality (17). In this study, we aimed to investigate the causal relationship and its directionality between circulating PUFA concentrations and pain in different body sites using a two-sample MR analysis with large-scale open-access genome-wide association study (GWAS) pooled data.



2. Materials and methods


2.1. Study design

In this study, MR was used to analyze the causal relationship between concentrations of circulating PUFAs, including omega-3 FAs, omega-6 FAs, linoleic acid, and docosahexaenoic acid (DHA), along with the ratio of omega-6 FAs to omega-3 FAs (omega-6:3 ratio), and pain in eight sites (Figure 1). The pain locations included the face, throat and chest, abdomen and pelvis, lower back and/or sciatica, joints, limbs, low back, and gynecological parts.
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FIGURE 1
 Mendelian randomized study design between different types of polyunsaturated fatty acid and chronic pain in different body parts.


MR is a method used to infer a causal relationship between exposure factors and outcomes by analyzing the association between genetic variation and exposure factors, as well as genetic variation and outcomes. Therefore, MR studies require instrumental variables that meet three core assumptions: (1) strong and robust correlation between instrumental variables and exposure factors (association assumption); (2) independence of instrumental variables from confounding factors that affect the exposure–outcome relationship (independence hypothesis); (3) genetic variation affecting outcomes only through exposure factors and not through other pathways (exclusivity hypothesis) (18–20).



2.2. Data sources

All data from this study are publicly available GWAS summary statistics; therefore, no additional ethical approval or informed consent was required. Pooled data on circulating PUFA concentrations and pain in different sites were obtained from the IEU OPEN GWAS PROJECT database.1 To avoid the bias of population heterogeneity, only pooled data from European populations were used. Detailed information on the GWAS datasets is provided in Table 1.



TABLE 1 The list of Genome-wide summary association studies (GWAS) included in the Mendelian randomization study.
[image: Table1]

GWAS data on circulating PUFA concentrations were obtained from the UK biobank and included 114,999 European participants. The GWAS data for pain in eight body parts were obtained from the Finland database. The detailed sample sizes were as follows: atypical facial pain (701 cases and 195,047 controls), throat and chest pain (24,609 cases and 163,123 controls), abdominal and pelvic pain (49,416 cases and 161,968 controls), lower back pain or sciatica (19,509 cases and 199,283 controls), joint pain (13,419 cases and 131,550 controls), limb pain (12,606 cases and 167,641 controls), low back pain (13,178 cases and 164,682 controls), and gynecological-related pain (pain and other conditions associated with female genital organs and menstrual cycle; 3,316 cases and 68,969 controls). We performed an MR analysis using single nucleotide polymorphisms (SNPs) associated with circulating PUFA concentrations as exposure factors and pain in different body sites as outcome factors.



2.3. Selection of IVs

To fulfill the first MR hypothesis that SNPs must be strongly associated with circulating PUFA concentrations, SNPs significantly associated with circulating PUFA concentrations (p < 5 × 10−8, r2 < 0.001, genetic distance = 10,000 kb) were selected at the genome-wide level. Thereafter, to satisfy the second MR hypothesis that genetic variation is not associated with potential confounders, we queried the Phenoscanner database2 to ensure that the selected SNPs were not associated with known confounders. Finally, the F statistic was calculated to evaluate the presence of weak instrumental variable bias for the selected instrumental variables. F > 10 indicates the absence of weak instrumental variable bias, further supporting the association hypothesis. The calculation formula for F was as follows: F = [R2/(1 – R2)] × [(N-K-1)/K], where N is the sample size of exposure factors, K is the number of instrumental variables, and R2 is the proportion of variation of exposure factors explained by instrumental variables (21).



2.4. MR statistical analysis

We used two-sample MR to examine the causal relationship and its directionality between circulating PUFA concentrations and pain in different body sites. Inverse variance weighting (IVW) was used as the primary analysis method, whereas weighted median, MR-Egger, weighted mode, and simple mode were used as supplementary analysis methods. Cochrane Q value and MR-Egger intercept were used to assess heterogeneity and horizontal pleiotropy, respectively (22). The MR-Pleiotropy RESidual Sum and Outlier (MR-PRESSO) method was employed to detect and adjust for potential pleiotropy (23). Additionally, a leave-one-out analysis was conducted by deleting one SNP at a time to examine the influence of SNPs with potential horizontal pleiotropy on MR estimates (24). Sensitivity analyses were visually illustrated using scatter, funnel, and forest plots to demonstrate the robustness of the MR study. Odds ratios (ORs) and 95% confidence intervals (CIs) were used to present the causal effect between circulating PUFA concentrations and pain in different body sites. All statistical analyses were performed using R software (version 4.2.1) with the “TwoSampleMR” (25) and “MR-PRESSO” (26) packages. A significance level of p < 0.05 was considered to indicate a causal relationship.




3. Results


3.1. GWAS of PUFAs and pain in different body parts

We extracted 29–50 strongly associated SNPs from the GWAS dataset of circulating PUFA concentrations. The SNPs corresponding to different types of circulating PUFA concentrations are presented as specific features of IVs in Supplementary Tables 1–6. F-values were calculated for all SNPs with a value greater than 10.



3.2. Primary MR analysis

Figures 2–6 display the results of MR analysis examining the association between circulating PUFA concentrations and pain in different anatomical sites. In this MR study, we observed a negative correlation between omega-3 FAs [IVW, OR 95% CI: 0.952 (0.914, 0.991), p = 0.017] and DHA [IVW, OR 95% CI: 0.935 (0.893, 0.978), p = 0.003] with abdominal and pelvic pain. In contrast, the omega-6:3 ratio [IVW, OR 95% CI: 1.057 (1.014, 1.101), p = 0.009] showed a positive correlation with abdominal and pelvic pain. Additionally, we found that omega-3 FAs [IVW, OR 95% CI: 0.947 (0.902, 0.994), p = 0.028] were negatively correlated with lower back pain and/or sciatica. However, no causal link was observed between circulating PUFA concentrations and pain in other body sites, as measured using IVW (p > 0.05). Scatter plots (Supplementary Figures 1–5) were used to visualize the effect size for each MR analysis.
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FIGURE 2
 MR analysis results of Omega-3 fatty acids and pain in different body parts. No. SNP, number of SNPs included in the analysis; OR, Odds ratio; CI, confidence interval; IVW, Inverse-variance-weighted.
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FIGURE 3
 MR analysis results of Omega-6 fatty acids and pain in different body parts. No. SNP, number of SNPs included in the analysis; OR, Odds ratio; CI, confidence interval; IVW, Inverse-variance-weighted.
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FIGURE 4
 MR analysis results of linoleic acid and pain in different body parts. No. SNP, number of SNPs included in the analysis; OR, Odds ratio; CI, confidence interval; IVW, Inverse-variance-weighted.
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FIGURE 5
 MR analysis results of docosahexaenoic acid and pain in different body parts. No. SNP, number of SNPs included in the analysis; OR, Odds ratio; CI, confidence interval; IVW, Inverse-variance-weighted.
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FIGURE 6
 MR analysis results of ratio of omega-6 fatty acids to omega-3 fatty acids and pain in different body parts. No. SNP, number of SNPs included in the analysis; OR, Odds ratio; CI, confidence interval; IVW, Inverse-variance-weighted.




3.3. Supplementary and sensitivity analyses

In this MR study, we used additional analysis methods, namely weighted median, MR-Egger, weighted mode, and simple mode, as supplementary analyses to complement the primary IVW method. The Q and p values of MR-Egger and IVW analyses were used to assess heterogeneity, while the MR-Egger intercept and its p-value were used to detect pleiotropy. In cases where heterogeneity was present, causality was determined using a random effects model. The MR-PRESSO analysis was used to reduce heterogeneity and pleiotropy in the estimates of causal effects by removing outliers and reassessing causality. Notably, the MR-Egger intercept method did not detect any potential horizontal pleiotropy (p > 0.05), indicating the robustness of the study results. The outcomes of the heterogeneity and pleiotropy analyses are presented in Table 2. Additionally, a leave-one-out sensitivity analysis was conducted to verify the effect of each SNP site on the overall causal relationship. The results demonstrated that systematically removing individual SNPs and repeating the MR analysis did not yield significant differences in the aforementioned causal relationships (Supplementary Figures 6–10). Funnel plots depict the balanced distribution of each SNP (Supplementary Figures 11–15), and forest plots display estimates of individual SNP results (Supplementary Figures 16–20).



TABLE 2 Sensitivity analysis of Mendelian randomization studies of polyunsaturated fatty acids and different body parts.
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4. Discussion

We used MR to systematically assess the causal relationship and its direction between four PUFAs and omega-6:3 ratios and pain in eight body parts. The results revealed a negative correlation between the concentration of omega-3 FAs and DHA and the occurrence of abdominal and pelvic pain. Conversely, a positive correlation was observed between the omega-6:3 ratio and abdominal and pelvic pain. Furthermore, we observed a negative association between omega-3 FA concentration and lower back pain and/or sciatica. However, no causal relationship was found between circulating PUFA concentrations and pain in other body sites.

Omega-3 fatty acids have been found to have anti-inflammatory and analgesic effects, while Omega-6 fatty acids promote inflammation (27). Research has demonstrated that omega-3 fatty acids can influence cellular signaling pathways by altering the composition and function of cell membranes, thus reducing inflammatory responses (28). Specifically, DHA, one of the Omega-3 fatty acids, can reduce inflammation by inhibiting the synthesis of the inflammatory mediator prostaglandin E2 and combating oxidative stress (29, 30). Additionally, studies have shown that higher ratios of Omega-6 to Omega-3 fatty acids are associated with an increased risk of cardiovascular disease, autoimmune diseases, and cancer (31, 32). Therefore, maintaining a proper balance of omega-3 and Omega-6 fatty acid intake is crucial for maintaining good health. In theory, this evidence supports that higher circulating concentrations of omega-3 FAs and DHA, along with lower levels of the omega-6 to omega-3 ratio, may reduce the risk of abdominal and pelvic pain.

Several observational studies have explored the association between PUFAs and chronic pain (33–37). In a randomized controlled study, the infusion of omega-3 FAs demonstrated efficacy in alleviating pain caused by rheumatoid arthritis (38). Another study indicated that dietary supplementation with omega-3 FAs and DHA could reduce the incidence and progression of pain in the older population (39). However, omega-6 FAs may contribute to inflammation, as significantly elevated levels of omega-6 FA metabolites were reported in women with irritable bowel syndrome (40). Similarly, another study found a higher omega-6:3 ratio to be associated with orofacial pain, headache, and low back pain (41). In a randomized controlled study, joint pain in patients with inflammatory bowel disease was effectively ameliorated by correcting the omega-6:3 ratio (42). Our MR study produced consistent results, demonstrating that higher omega-6:3 ratios elevate the risk of abdominal pain, whereas higher circulating omega-3 FAs and DHA concentrations alleviate abdominal pain. However, no causal link was observed with joint pain.

Although observational studies have shown an association between PUFAs and chronic pain, only a few MR studies have been conducted. To the best of our knowledge, only one MR study has investigated the relationship between omega-3 FAs and low back pain risk, revealing that genetically increasing circulating omega-3 FA concentrations can reduce this risk (43). However, our findings do not support this conclusion. In our MR study, only the weighted median and weighted mode methods indicated a causal relationship between circulating omega-3 FA concentrations and low back pain, as measured using the IVW method [OR 95% CI: 0.948 (0.894, 1.005), p = 0.073], but no causal relationship was found between them. Notably, the sample size of our study was nearly twice that of the aforementioned MR study. Moreover, our study data was derived from different patient populations, sourced from the UK biobank and Finland genome project (Finn Gen), effectively avoiding sample duplication. Additionally, our findings remained robust across multiple analytical approaches, exhibiting no heterogeneity or pleiotropy. Although this MR study represents the largest and most comprehensive investigation to date in terms of sample size, FA types, and pain locations, future studies will require larger datasets from genomic association studies to obtain more accurate and reliable results.

This study possesses several advantages. First, this is the most comprehensive MR study to date exploring the relationship between PUFAs and pain. We included four different types of PUFAs and the omega-6:3 ratio while investigating causal associations with pain in eight body parts. This comprehensive approach enhances the coverage and credibility of our results. Second, compared with observational studies, MR studies overcome the effects of confounding variables and reverse causality. Third, we selected SNPs that satisfied the MR hypothesis as IVs, all of which exhibited strong associations with PUFAs. Lastly, all SNPs were derived from European populations, thereby minimizing the possibility of population stratification bias.

Nonetheless, this study has some limitations. First, it relied on publicly available pooled data from GWASs, which restricted our ability to analyze other subtypes of PUFAs (e.g., alpha-linolenic, eicosapentaenoic, and arachidonic acids) in investigating the relationship between PUFAs and pain. Second, despite the utilization of a large GWAS database, our study might have been unable to detect small causal relationships. Third, this study can only establish the relationship between genes and phenotypes but cannot elucidate the biological mechanism of these relationships. Therefore, the occurrence and development of complex phenotypes cannot be fully explained. Lastly, the study population primarily consisted of individuals of European ancestry, limiting the generalizability to other ethnic populations.



5. Conclusion

This MR study suggests that higher circulating omega-3 FA and DHA concentrations and lower omega-6:3 ratios are associated with a decreased risk of abdominal and pelvic pain. Maintaining an appropriate omega-6:3 ratio is crucial for the prevention and management of abdominal and pelvic pain. Furthermore, higher circulating omega-3 FA concentrations may reduce the risk of lower back pain and/or sciatica. However, no causal relationship was found between circulating PUFA concentrations and pain in other body parts, including pain related to the face, throat and chest, joints, limbs, low back pain, and gynecological sites. These findings contribute to the targeted prevention and treatment of chronic pain through the use of PUFAs.
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Low back pain MR Egger 47 0.967(0.892,1.049) 0.424
Weighted median 47 0.912(0.845,0.985) 0.019
vw 47 0.948(0.894,1.005) 0.073

Simple mode 47
Weighted mode 47

0.975(0.815,1.166) 0.782
0.927(0.864,0.996) 0.044

Gynecological related pain MR Egger 47 1.117(0.944,1.321) 0.204
Weighted median 47 1.045(0.900,1.214) 0.561
w 47 1.049(0.929,1.183) 0.441

Simple mode 47 1.039(0.733,1.473) 0.832
Weighted mode 47

1.054(0.923,1.204) 0.438
P<0.05 was considered statistically significant 0'4—;—“7






