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Introduction: While numerous studies have emphasized the pivotal involvement of the Interleukin 6 (IL-6) pathway in the 
development of chronic pain, the causal nature of this relationship remains uncertain.
Methods: In this study, we opted to include genetic variants situated within the locus of the IL-6 receptor (IL-6R) that exhibited 
associations with C-reactive protein (CRP) levels. CRP serves as a downstream effector in the IL-6 pathway. Utilizing these variants as 
genetic proxies, we aimed to modulate IL-6 signaling. Employing a two-sample Mendelian randomization (MR) approach, we 
investigated the potential link between the genetic proxy and seven distinct subtypes of chronic pain, categorized based on their 
corresponding body locations. Moreover, we examined the relationship between chronic pain and an alternative instrument of IL-6 
signaling that was weighted based on s-IL-6R levels. Furthermore, we conducted exploratory analyses to estimate the plausible causal 
association between CRP, gp130, and the subtypes of chronic pain.
Results: Our analysis showed that genetic proxied downregulation of IL-6 signaling, weighted on CRP levels, was linked to a reduced 
risk of chronic back and knee pain. The sensitivity analyses across various MR methods confirmed the consistency of the findings and 
showed no evidence of horizontal pleiotropy or heterogeneity. Moreover, the results remained robust with different sets of instrument 
variables. A genetically increased level of s-IL-6R was also negatively associated with chronic back and knee pain. However, there 
was no causal relationship between CRP and gp130 with chronic pain.
Conclusion: Based on our findings, there is evidence to suggest a potential causal relationship between IL-6 signaling and chronic 
back and knee pain. Consequently, the downregulation of IL-6 signaling holds promise as a potential therapeutic target for addressing 
chronic back and knee pain.
Keywords: IL-6 signaling, chronic pain, Mendelian randomization

Introduction
Pain serves as an unpleasant experience that encompasses both sensory and emotional components and functions as an 
indicator of existing or potentially dangerous harm to the body, thus activating a biological state of alertness.1,2 Pain may 
be classified according to its etiology, location, or period of manifestation. Chronic pain, which persists for more than 
three months, either regularly or intermittently, represents a common and severe ailment which leads to various negative 
consequences, including significant impairments, decreased mobility, falls, anxiety, depression, social isolation, sleep 
disorders, and sarcopenia.3–7 Chronic pain shares numerous features with chronic low-grade inflammation.8 A wide range 
of pharmacological options, such as opioids, non-steroidal anti-inflammatory drugs (NSAIDs), and gabapentin, among 
others, are currently available for the management of chronic pain.9–11 Nevertheless, current treatments remain somewhat 
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limited with over 50% of patients experiencing an inadequate relief of pain that requires the emergence of fresh 
therapeutic alternatives.12

In the classical cis-signaling pathway, the initiation of the inflammatory response by Interleukin-6 (IL-6) occurs 
through its binding with glycoprotein-130 (gp130) at the IL-6 receptor locus present on the cell membrane (m-IL-6R). 
Additionally, IL-6R exists in a soluble form within the circulation (s-IL-6R), and when it forms a complex with gp130, it 
can exert an inhibitory effect on IL-6 action, thus operating through the trans-signaling pathway.13,14 The classical 
signaling pathway of IL-6 plays a pivotal role in initiating the production of acute-phase proteins, such as C-reactive 
protein (CRP) and fibrinogen, by engaging signaling mechanisms that exert wide-ranging effects.14 Numerous previous 
studies have provided evidence demonstrating a correlation between elevated IL-6 levels and various subtypes of pain, 
such as chronic neuropathic pain, inflammatory pain, and migraine pain.15 Furthermore, the injection of IL-6 through the 
intrathecal route results in pain-associated behavior, which implies that IL-6 influences the spinal circuits responsible for 
pain in rats.16 Mendelian randomization (MR) analysis serves as a valuable alternative to randomized clinical trials by 
utilizing genetic variations linked to a particular exposure. This approach allows for the evaluation of causal relationships 
and the identification of potential therapeutic targets, which can subsequently be investigated in clinical trials.17

The primary aim of this study was to investigate the potential causal relationship between the downregulation of IL-6 
signaling and chronic pain in various regions of body. To accomplish this, we developed a genetic instrument that served 
as a proxy for pharmacological inhibition of IL-6R, utilizing summary-level data derived from Genome-Wide 
Association Studies (GWAS). Subsequently, a two-sample Mendelian Randomization (MR) analysis was conducted to 
explore the potential causal association between IL-6 signaling downregulation and chronic pain, utilizing data obtained 
from the UK Biobank. Furthermore, we performed exploratory analyses to develop genetic instruments for CRP, sIL-6R, 
and gp130 levels, with the aim of evaluating their potential associations with chronic pain.

Method
Study Design
In this study, our objective was to conduct a two-sample Mendelian Randomization (MR) investigation to estimate the 
effect of downregulated IL-6 signaling on chronic pain. The implementation of this study adhered to the Strengthening 
the Reporting of Observational Studies in Epidemiology-Mendelian Randomization (STROBE-MR) reporting guidelines 
(refer to Table S1 for details). The study design is outlined in Figure 1, and comprehensive information regarding the 
datasets utilized can be found in Table S2.

Outcome
We selected chronic back pain, chronic stomach/abdominal pain, chronic neck/shoulder pain, chronic knee pain, chronic 
hip pain, chronic facial pain, chronic headache as concerned pain phenotypes. We did not include chest pain as outcome 
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Figure 1 Schematic diagram of the present study.
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of interest since chest pain is highly mixed with cardiopulmonary disease. Each chronic pain phenotype was established 
by utilizing self-report answers to the specified questions: Have you had [back pains/neck or shoulder pains/ stomach/ 
abdominal pain/ knee pain/ hip pain/ facial pain/ headache] for more than 3 months? Participants were provided with the 
options of responding “Yes”, “No”, “Don’t know”, or “Prefer not to answer” to these questions. Individuals who 
answered “Yes” to a specific question were considered cases for that particular pain phenotype. Number of cases for 
each GWAS were as follows: back pain (N = 80,588); neck/shoulder pain (N = 72,887); facial pain (N = 3107); hip pain 
(N= 40,152); knee pain (N=76,910), headache (N=41,719); stomach/abdominal pain (N= 21,711) (Table S2).

Primary IL-6 Signaling Instrument, Weighted on CRP Levels
The IL6R instruments employed in this study were selected based on a recent meta-analysis of a high-sensitivity CRP 
GWAS conducted on a large cohort of European individuals. The meta-analysis included data from the Cohorts for Heart 
and Aging Research in Genomic Epidemiology (CHARGE) Consortium and the UK Biobank, encompassing over half 
a million participants.18 Our main aim was to determine the impact of reduced activity within the IL-6/IL6R pathway. We 
accomplished this by using independent variants located within 300 kb of IL6R that have an r2-value less than 0.1, which 
approximated the effect of IL6R. We refer to this approach as “cisIL6R instrument”, which was in line with previous 
studies.18–21 Our genetic instrument replicated the action of monoclonal antibodies that target IL6R, like tocilizumab, 
effectively blocking both IL6 classical and trans-signaling pathways. However, it was crucial to acknowledge that the 
inhibitory effect observed with our genetic instrument was noticeably small compared to the therapeutic inhibition of IL- 
6R.21 We evaluated the strength of our instrumental variables using F-statistics, (F = beta2 /SE2), the instrument variable 
was considered robust with F-statistics>10. In order to mitigate the potential issue of overfitting the data due to sample 
overlap (known as winner’s curse), we opted to utilize the estimated effect sizes of variants solely from the CHARGE 
dataset, rather than incorporating the UKB-CHARGE meta-analysis. This approach aligns with a previous study 
conducted in a similar context.18 A total of twenty-six single nucleotide polymorphisms (SNPs) were included in our 
analysis as instrumental variables (IVs) (Table S3).

Alternative IL-6 Signaling Instrument, Weighted on s-IL-6R Levels
We developed an indirect genetic instrument to investigate IL-6 signaling by utilizing genetic variations associated with 
s-IL-6R levels, which have been shown to have an inverse correlation with IL-6 signal activity. We identified a set of 34 
SNPs located within a 250 kb region of the IL-6R gene that had a consistent association with increased s-IL-6R levels 
(Table S4). These genetic variants have been widely employed in previous studies for other investigations. The summary- 
level GWAS data used in our analysis were obtained from the INTERVAL research project.22,23

cisCRP Variants
Our primary genetic instrument consists exclusively of variants located in the vicinity of the IL6R gene. These IVs were 
developed based on their association with CRP levels, which serve as a proxy for IL-6 function. It’s important to keep in 
mind that utilizing CRP as the causal biomarker does not necessarily imply that CRP itself is the underlying cause. We 
sought to determine whether C-reactive protein (CRP) could be a potential target for causal intervention and designed 
a separate group of cis genetic instruments with the aim of reducing CRP levels. These variants are thought to have an 
impact on CRP through a pathway that is not related to IL-6 down-regulation. We selected 16 CRP-associated SNPs 
within a 300kB region of the CRP locus, each SNP having a P-value lower than 5*10-8 and an r2 below 0.1 (Table S5). 
To perform two-sample MR analyses, we weighted these cis-variants using CHARGE estimates of hsCRP.24

cisgp130 Instruments
The IL-6 receptor is made up of two components, with gp130 (also called IL6ST) serving as the other one that also exists 
in different cytokine receptors. Although not as well-established as the correlation found between variation at IL6R and 
specific health outcomes, previous studies have reported phenotypic implications associated with variations in gp130.25,26 

We aimed to develop genetic instruments using a recent Genome-Wide Association Study (GWAS) involving 35,287 
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participants from the DECODE consortium.27 We extracted 24 independent SNPs (with a P-value lower than 5*10−8 and 
an r2 below 0.1) and linked to gp130 levels within a range of 300 kb of the gp130 area (Table S6).

Statistical Analysis and Sensitivity Analysis
The primary method employed in our analysis was the inverse-variance weighted (IVW) method, which allowed us to 
derive an overall estimate regarding the causal effect of genetically proxied IL-6 signaling blockade on various subtypes 
of chronic pain. To ensure the robustness of our findings, we conducted several sensitivity tests to assess the assumptions 
of Mendelian randomization (MR).

Firstly, we utilized the MR-Egger, simple mode, weighted mode, MR Pleiotropy Residual Sum and Outlier (MR- 
PRESSO), and weighted median approaches as part of our meta-analytic methods. These tests helped us assess the 
potential presence of pleiotropy and evaluate the overall consistency of our results. A MR-Egger intercept near zero 
indicates the absence of directional pleiotropy, further strengthening the validity of our findings.28 With MR-PRESSO 
global test, we sequentially eliminated SNPs from the regression and evaluated whether there existed a SNP that 
influenced the association (P-value global test < 0.05).29 This analysis allowed us to identify and address potential 
outliers or influential SNPs that may have affected our results. Lastly, Cochran’s Q statistic was used to assess 
heterogeneity among the SNPs. A Cochran’s Q P-value below 0.05 suggests the presence of heterogeneity, indicating 
that the association between IL-6 signaling blockade and chronic pain may vary across different SNPs. For the causal 
relationships that reached statistical significance, we employed a systematic approach known as iterative leave-one-out 
analysis, which involved the sequential exclusion of each SNP from the model and the subsequent recalculation of IVW 
estimates. This method allowed us to examine the stability and reliability of our findings while assessing the individual 
contributions of each SNP to the overall estimate. In addition, we investigated whether the SNPs selected for our analysis 
might have influenced our findings. We reevaluated the results by introducing another set of variants chosen based on the 
CHARGE data that had previously been employed in identifying causal links among IL-6 and autoimmune arthritis, 
coronary heart disease, autoimmune disease, and longevity.22,30,31 Furthermore, since some of certain variants of our 
primary instruments could been viewed as weak instruments based solely on beta values derived from CHARGE data, we 
repeated the analysis while excluding variants with F-statistics <10 from the subset of variants. Finally, we utilized 
Asp358Ala SNP (rs2228145), a canonical and well-established single instrument, to run the analysis.32

We set the statistical significance level at P<0.05 for our analysis. To account for multiple testing (ie, multiple 
exposures), we defined the statistical significance of MR effect estimates as a false discovery rate (FDR) less than 5%. 
Results were classified as robust (FDR-significant, and consistent across sensitivity analyses), suggestive (P-value<0.05, 
FDR P-value>0.05, and inconsistent across sensitivity analyses), or not present. All the statistical analyses mentioned 
above were performed using the “TwoSampleMR” and “MendelianRandomization” packages in R (version 4.1.0). These 
packages provide robust and reliable tools for conducting Mendelian randomization analyses and were instrumental in 
our study for assessing causal relationships between IL-6 signaling and chronic pain.

Result
IL-6 Signaling, Weighted by CRP Levels (Primary Instrument)
For each outcome, we performed IVW MR analyses using our instruments weighted by hsCRP separately. Since our 
instruments were weighted by hsCRP, the odds ratios (ORs) obtained were on the scale of natural log hsCRP decrease. 
This framework allowed us to quantify the impact of IL6R blockade on the respective outcomes and evaluate the 
direction and magnitude of the observed effects.

Genetically proxied IL6R blockade was associated with a lower risk of chronic back pain (IVW: OR 0.96, 95% CI 
0.94–0.98, P= 0.0002, FDR-corrected P =0.002), and chronic knee pain (IVW: OR 0.96, 95% CI 0.94–0.99, P=0.0009, 
FDR-corrected P= 0.003). Besides, genetically proxied IL6R blockade was suggestively associated with lower risk of 
chronic facial pain (IVW: OR 0.89, 95% CI 0.81–0.99, P= 0.03, FDR-corrected P =0.07). Genetically proxied IL6R 
blockade has no significant effect on chronic headaches (IVW: OR = 0.97, 95% CI = 0.94–1.01, P = 0.11), chronic hip 
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pain (IVW: OR = 0.98, 95% CI = 0.95–1.01, P = 0.21), chronic neck/shoulder pain (IVW: OR = 1.00, 95% CI = 0.98– 
1.02, P = 0.98), chronic stomach/abdominal pain (IVW: OR = 0.99, 95% CI = 0.96–1.06, P = 0.64).

We observed consistent results across multiple MR methods, as shown in Table S7 and Figure 2. The MR-Egger intercept 
analysis did not reveal any evidence of pleiotropy, which strengthens the validity of our causal inferences (Table S8). 
Furthermore, our findings remained robust in the leave-one-out sensitivity analysis, as indicated in Tables S9 and S10. No 
outlier was identified through MR-PRESSO. Heterogeneity was found in the association between IL6R blockade and chronic 
headache, no other evidence of heterogeneity or pleiotropy was found (Table S8).

IL-6 Signaling, Proxied by sIL-6R Levels (Alternative Instrument)
As our instruments are weighted by sIL-6R levels, β are on the scale of sIL-6R level per SD increase. As IL-6 signaling 
negative regulators sIL-6R genetically increased, the risk of chronic back pain (IVW: β −0.003 95% CI −0.005, −0.0004, 
P=0.02, FDR-corrected P=0.06) and chronic knee pain (IVW: β −0.003 95% CI −0.005, −0.0007, P=0.008, FDR- 
corrected P=0.06) suggestively decreased, in accordance with main analysis results using direct instrument. Besides, 
genetically proxied higher sIL-6R level was suggestively associated with lower risk of chronic headache (IVW: β −0.003 
95% CI −0.006, −0.0003, P=0.03). Genetically proxied sIL-6R level has no significant effect on chronic hip pain (IVW: β 
−0.002 95% CI −0.005, 0.001, P=0.18), chronic neck/shoulder pain (IVW: β 0.0004 95% CI −0.002, 0.002, P=0.76), 

Facial pains for 3+ months

Knee pain for 3+ months

Back pain for 3+ months 

Stomach/abdominal pain for 3+ months 

Neck/shoulder pain for 3+ months

Hip pain for 3+ months

Headaches for 3+ months 

0.6 0.7 0.8 0.9 1.0

Method

Weighted mode

Weighted median

Simple mode

MR Egger

MR−PRESSO

Inverse variance weighted

Figure 2 Association of genetically proxied IL-6 signaling blockade using main instrument proxied by CRP levels with risk of chronic pain subtypes. Forest plot of odds ratios 
(OR) are on the scale of natural log CRP decrease. Data are represented as odds ratios (ORs) with 95% confidence intervals (error bars).
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chronic stomach/abdominal pain (IVW: β 0.001 95% CI −0.003, 0.006, P=0.58) and chronic facial pain (IVW: β −0.002 
95% CI −0.012, 0.008, P=0.63).

The outcomes obtained from the alternative MR methods exhibited a high degree of consistency, as indicated by the 
results presented in Table S11 and Figure 3. Notably, the MR-Egger intercept analysis did not reveal evidence of 
pleiotropy, except in the case of sIL-6R level and its association with chronic stomach/abdominal pain (Table S8). No 
outlier was identified through MR-PRESSO. No other evidence of heterogeneity or pleiotropy was found (Table S8).

CRP Levels and gp130 Levels
In our IVW MR analyses using the cisCRP instrument, we observed no significant association between genetically predicted 
CRP levels and the risk of any subtype chronic pain. This suggested that the effects of IL-6 signaling on chronic pain could 
not be mediated through CRP itself. The results from the analysis of cis variants in gp130 were consistent with these findings. 
We found no evidence of an effect from gp130 levels on any type of chronic pain. These results are presented in Table S12 
and Figure 4 for the cisCRP instrument and Table S13 and Figure 5 for the analysis of gp130 variants.

Sensitivity Analysis
We performed a comprehensive set of sensitivity analyses assess the robustness of the observed causal link between 
genetically proxied IL-6R blockade and all subtypes of chronic pain.

Facial pains for 3+ months

Knee pain for 3+ months

Back pain for 3+ months 

Stomach/abdominal pain for 3+ months 

Neck/shoulder pain for 3+ months

Hip pain for 3+ months

Headaches for 3+ months 

−0.02 0.00 0.02 0.04

Method

Weighted mode

Weighted median

Simple mode

MR Egger

MR−PRESSO

Inverse variance weighted

Figure 3 Association of genetically proxied IL-6 signaling blockade using alternative instrument proxied by sIL-6R levels with risk of chronic pain subtypes. Forest plot of 
beta are on the scale of 1 SD sIL-6R increase. Data are represented as beta with 95% confidence intervals (error bars).
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Firstly, we employed MR-Egger, weighted mode, simple mode, weighted median, and MR-PRESSO approaches to 
evaluate the exclusion restriction assumption. MR-PRESSO results were comparable to IVW results, and no outlier was 
detected by MR-PRESSO except for the association between gp130 and chronic headache. However, the estimates 
obtained from MR-Egger, weighted mode, simple mode, and weighted median were less precise, with most confidence 
intervals crossing the null (Tables S7 and S11–13)

Secondly, we conducted additional analyses to assess the potential impact of instrument selection on our results. 
While all the variants related to IL-6 signaling from the UKB-CHARGE meta-analysis had F-statistics greater than 10, it 
was noted that some of these variants were considered weak instruments when using beta solely from the CHARGE 
dataset. To address this concern, we performed a re-analysis excluding variants with F-statistics less than 10. 
Remarkably, the effects obtained from this subset of instruments were consistent with our primary results, further 
supporting the robustness of our findings (Table S14). Moreover, we expanded our analysis by incorporating another set 
of variants selected based on the CHARGE data. The results pertaining to the causal relationship between genetically 
proxied IL-6R blockade and chronic back pain and chronic knee pain were similar, although the precision of the 
estimates was slightly reduced due to the smaller number of instruments included (Table S15). Finally, we conducted 
analyses specifically focusing on the rs2228145 SNP, which is known to have a functional effect on IL6R and down
stream signaling. Despite the reduced statistical power resulting from the restricted analysis, the observed effects 
remained consistent with our primary results, reinforcing the validity of the causal association (Table S16).

Facial pains for 3+ months

Knee pain for 3+ months

Back pain for 3+ months

Stomach/abdominal pain for 3+months

Neck/shoulder pain for 3+ months

Hip pain for 3+ months

Headaches for 3+ months

−0.1 0.0 0.1 0.2 0.3
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MR−PRESSO
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Figure 4 Association of genetically proxied CRP with risk of chronic pain subtypes. Forest plot of beta are on the scale of 1 natural log CRP increase. Data are represented 
as beta with 95% confidence intervals (error bars).
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Discussion
In this study, we employed a two-sample Mendelian randomization (MR) study to examine the relationship between IL-6 
signaling blockade and different subtypes of chronic pain. To estimate the causal effect, we constructed a genetic instrument 
that served as a proxy for inhibiting IL-6 signaling. This instrument was associated with lower levels of CRP, which is 
a marker reflecting the classical IL-6 signaling pathway. Our results indicate that downregulation of IL-6 signaling was 
associated with a reduced risk of chronic back and knee pain. However, we did not find significant associations between IL- 
6 signaling blockade and other forms of chronic pain. Importantly, these findings were consistent when using an alternative 
instrument based on s-IL-6R levels, providing additional support for the robustness of our results.

Our study findings indicate that inhibiting CRP was unlikely to have a significant impact on reducing the risk of 
chronic pain. This suggested that the observed effect was specific to IL-6R variants that influence IL-6 signaling and was 
not attributable to any direct action of CRP. Moreover, our findings suggest that sgp130’s inhibitory effects on IL-6 trans 
signaling may not provide protection against chronic pain of any type. The null result obtained could be attributed to the 
inadequate strength of SNPs used as instrumental variables in this analysis. However, another plausible explanation could 
be sgp130’s efficacy in inhibiting trans signaling could be limited at normal concentrations because of rapid formation 
and dissociation of the IL-6/sIL-6R complex.33 Hence, the application of Mendelian randomization method could not 
accurately capture the inhibitory effects of gp130 in the trans pathway.
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Figure 5 Association of genetically proxied gp130 with risk of chronic pain subtypes. Forest plot of beta are on the scale of 1 SD gp130 increase. Data are represented as 
beta with 95% confidence intervals (error bars).
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Our findings align with previous clinical and experimental studies, adding to the growing body of evidence supporting 
a potential causal relationship between IL-6 signaling and chronic back or knee pain. In a previous study conducted on male 
mice, it was demonstrated that Interleukin-6 signaling plays a crucial role in cartilage degradation and pain development in 
posttraumatic osteoarthritis, a prevalent cause of chronic knee pain.34 A cross-sectional study found that IL-6 was positive 
correlated with chronic knee pain, although it could not rule out the risk of reverse causation.35 A recent meta-analysis found 
patients with chronic low back pain had elevated IL-6 level.36 Animal experimentation indicated that injecting IL6/sIL6R into 
rat knee joints increased spinal neuron responsiveness to mechanical stimulation.37 Moreover, in a previous study, 
Tocilizumab, a humanized monoclonal antibody targeting the IL-6 receptor (IL6R), was administered epidurally to individuals 
suffering from sciatica and low back pain. The study revealed that the use of Tocilizumab on the spinal nerve led to more 
substantial pain relief compared to treatment with dexamethasone, suggesting the potential therapeutic efficacy of IL-6 
signaling blockade in alleviating chronic pain associated with these conditions.38

In our study, we did not observe a significant association between IL-6 signaling blockade and a decreased risk of 
chronic headache, chronic hip pain, chronic stomach/abdominal pain, and chronic neck/shoulder pain. The evidence 
regarding the impact of IL-6 signaling inhibition on chronic facial pain was not conclusive but suggestive. However, it is 
important to note that the conclusions drawn for chronic facial pain should be interpreted with caution due to limitations 
in sample size and statistical power. Future studies with larger sample sizes and increased statistical power are required to 
validate or refute these findings in a more robust manner.

Pain can have different biological origins across various maladies and body regions. For instance, chronic abdominal 
pain is predominantly visceral in nature and often characterized by diffuse and challenging localization. A cohort study 
specifically examining IL-6 polymorphisms revealed no statistically significant difference between individuals with chronic 
post-cholecystectomy pain and healthy controls. This finding suggested that variations in IL-6 genetic markers may not 
contribute significantly to the development of chronic pain following cholecystectomy.39 A randomized controlled study 
investigating the effects of effective low-level laser therapy on patients with temporomandibular disorder, a common of 
facial pain, did not observe a significant change in IL-6 plasma concentration.40 Besides, a cohort study found no 
association between IL-6 polymorphism with development of chronic temporomandibular pain.41 A study with 689 
participants found no association between IL-6 plasma concentration and chronic hip, shoulder, and neck pain.35

The results of our research suggested that targeting the IL-6 pathway could potentially reduce the risk of developing 
chronic back and knee pain. It is important to exercise caution when interpreting these findings, as the effects of targeting 
the IL-6 pathway specifically on chronic pain intensity and duration are still unknown. While the studies mentioned 
provide insights into the association between IL-6 signaling and certain types of chronic pain, further research is needed 
to fully understand the potential impact of modulating the IL-6 pathway on the severity and duration of chronic pain. 
While Monoclonal antibodies that target IL-6 signaling by binding to IL-6R have indeed received FDA approval for the 
treatment of rheumatoid arthritis,42 the magnitude of the effects observed in our study was much smaller in comparison to 
reported effects in RA treatments. Additionally, as MR analysis has its limitations, it cannot predict the impact of drugs 
that may possess a more significant effect over a shorter period. Thus, further investigation into the underlying 
mechanisms of the relationship between the IL-6 pathway and chronic back/knee pain risk is necessary.

The study was also inevitable of some limitations. MR findings rely on three assumptions that may not always be 
completely achievable, and RCTs are still needed to infer causality in the future.43 Although IVs could possibly affect the 
risk of chronic knee or back pain through pathways other than those in the IL-6 cascade, we did not observe any evidence 
of heterogeneity indicating that IVs operate through a different path. Nonetheless, there may be unknown associations 
between confounding factors and the risk of chronic back or knee pain, making it still possible. It’s challenging to rule 
out various effects, such as SNPs impacting chronic pain risk through an unrelated mechanism as our focus was on 
variants within or near the IL6R. Moreover, genetically proxied down-regulation of IL-6 being linked to reduced 
likelihood rates of a variety of conditions including cardiometabolic syndrome44, frailty45 and cerebral cortical 
structure.46 Consequently, identifying the exact mechanism could be difficult. Nonetheless, given the consistency of 
previous randomized controlled study utilizing IL-6R antibodies for the treatment of chronic back pain,38 as well as the 
supportive evidence from randomized trial data in inflammatory bowel disease that endorse the use of genetic proxies for 
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IL6R blockade,47,48 along with the consistent results obtained using different sets of SNPs within the IL6R region, we 
could reasonably infer that alterations in IL6R played a pivotal role in driving the observed effect.

To the best of our knowledge, this study represented the first piece of evidence supporting a plausible causal 
association between genetically mediated downregulation of IL-6 signaling and chronic pain. The robustness of our 
findings was bolstered by several strengths inherent in the study design. Firstly, we leveraged coefficients derived from 
large and well-characterized datasets such as the UK Biobank and CHARGE, enhancing the generalizability of our 
results. Secondly, we comprehensively assessed various proteins and measures relevant to IL-6 signaling pathways, 
providing a comprehensive understanding of the underlying mechanisms. Thirdly, we employed multiple approaches to 
address potential sources of bias, including the evaluation of horizontal pleiotropy, outlier SNPs, and heterogeneity, 
further strengthening the validity of our conclusions. Lastly, the consistency of outcomes across multiple sets of 
instrument variables and Mendelian Randomization approaches lends further support to the robustness and reliability 
of our findings.

In conclusion, our study provides compelling evidence suggesting a potential causal relationship between IL-6 
signaling and chronic back and knee pain. The observed associations support the notion that downregulation of IL-6 
signaling could hold promise as a treatment target for managing these types of chronic pain. Further research and clinical 
trials are warranted to explore the clinical implications of targeting IL-6 signaling in pain management strategies.
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