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Background: Chronic pain (CP) is widespread and a major cause of disability. However, its genetic and environmental risk factors, as 
well as its relationship with breast cancer (BC), remain unclear. The study is the first to apply Mendelian randomization (MR) to 
explore the causal relationship between CP and BC.
Methods: Two-sample MR and multivariable MR (MVMR) were performed using genome-wide association study (GWAS) data. 
Univariable MR assessed the effect of CP on BC, while MVMR adjusted for body mass index (BMI). The inverse variance-weighted 
method was used as the primary method.
Results: Univariable MR found a strong genetic link between stomach/abdominal pain and overall BC risk (OR 3.411, 95% CI 
1.029–11.313, P=0.045). Neck/shoulder pain was associated with Luminal_A breast cancer risk (OR 1.999, 95% CI 1.263–3.163, 
P=0.003). Multivariable MR, adjusting for BMI, confirmed these findings for stomach/abdominal pain to overall BC (OR 4.39, 95% CI 
1.48–13.06, P=0.008) and neck/shoulder pain to Luminal_A BC (OR 2.46, 95% CI 1.24–4.87, P=0.010). No associations were found 
for other pain types (headache, hip pain, back pain, knee pain, facial pain) with BC subtypes.
Conclusion: Genetic evidence in this study suggests a causal link between stomach/abdominal pain and overall BC, and between 
neck/shoulder pain and Luminal-A BC risk in Europeans. Determining the cause of this discrepancy might shed light on the 
complicated link between breast cancer etiology and chronic pain genetics, emphasizing the need for further investigations and 
potential clinical applications to enhance breast cancer prevention and management.
Keywords: Mendelian randomization, chronic pain, breast cancer, BMI, confounder

Introduction
Chronic pain (CP) is widely defined as pain persisting beyond 3 months1,2 and can be a primary disorder or secondarily 
associated with injury, surgery, or a range of medical conditions. Around 30% of the global population suffers from 
chronic pain, with an average of three pain locations reported.3 The classification of chronic pain is a systematic 
categorization of multiple types of chronic pain conditions. The International Association for the Study of Pain (IASP) 
developed a classification of chronic pain for the International Classification of Diseases (ICD-11) Among 7 major 
diagnostic categories, chronic primary pain comprises chronic pain disorders that cannot be better explained by another 
specific chronic pain diagnosis.4 Headache, stomach or abdominal pain, neck or shoulder pain, back pain, facial pain, hip 
pain and knee pain are frequent causes of chronic pain in people. Previous work suggested that ~50% variation in chronic 
pain development is heritable.5 Numerous aspects of chronic pain have been investigated from a genetic perspective. It 
has been demonstrated that several aspects are complex traits with moderate heritability.6 It is often associated with both 
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specific and non-specific medical conditions such as cancers, HIV/AIDS, fibromyalgia and musculoskeletal conditions.7– 

9 Moreover, CP is associated with expensive health care costs, increasing disability and mortality.10–14

Breast cancer is a prominent cause of cancer incidence worldwide; 2.3 million people were newly diagnosed in 2020, 
accounting for 11.7% of all cancer cases. It is the sixth biggest cause of cancer-related mortality globally, with 685,000 
deaths.15 Although the current treatment modalities, including surgical intervention, radiotherapy, chemotherapy, and 
targeted therapy, have significantly contributed to a reduction in breast cancer mortality rates, the etiology of this disease 
remains elusive. Furthermore, environmental factors such as radiation exposure and lifestyle choices alongside genetic 
predisposition play pivotal roles in breast cancer development.16 About 5–10% of cases of breast cancer are caused by 
genetic factors, such as single nucleotide polymorphisms (SNPs) in the genome and genetic abnormalities in susceptible 
genes.17 Defined by combinations of ER, PR, HER2 and grade, there are five subtypes of BC, including (1) luminal 
A-like (ER+ and/or PR+, HER2-, grade 1 and 2); (2) luminal B/HER2-negative-like (ER+ and/or PR+, HER2-, grade 3); 
(3) luminal B-like (ER+ and/or PR+, HER2+); (4) HER2-enriched-like (ER- and PR-, HER2+), and (5) triple-negative 
(ER-, PR-, HER2-).18 These definitions rely on immunohistochemical (IHC) markers and gene expression profiles, 
including: Estrogen receptor (ER) status, Progesterone receptor (PR) status, HER2/neu receptor status, Ki-67 prolifera-
tion index. Each subtype is characterized by distinct molecular drivers, responses to treatment, and progression rates, 
which may influence how chronic pain impacts breast cancer patients.

Obesity plays a significant role in breast cancer and pain. An excessive body mass index (BMI) may raise the risk of 
chronic pain.19 Obesity causes increased stress on joints, bones, and soft tissues, resulting in pain and inflammation. Obesity 
can also cause metabolic issues, chronic inflammation, and neurological abnormalities, all of which contribute to the 
development of chronic pain. An extremely low BMI may also be linked to chronic pain. Malnutrition and being underweight 
can induce muscle wasting and bone loss, both of which can be painful. It has been previously observed that BMI is both 
genetically correlated and epidemiologically associated with BC. The majority of prospective cohort studies found a negative 
correlation between BMI and the incidence of premenopausal breast cancer.20–25 There is a little positive correlation between 
BMI and the risk of postmenopausal breast cancer.20,21,26 Additionally, a significant MR Analysis revealed a consistent inverse 
relationship in all subgroups studied between premenopausal breast cancer risk and BMI predicted by GWAS-identified 
genetic variants.27 Thus, BMI can be considered the most important confounder to be controlled for.

While some research has explored the connection between chronic pain (CP) and breast cancer, the findings remain 
ambiguous. It is still unclear whether chronic pain plays a causal role in the initiation and progression of breast cancer, 
and the underlying mechanisms are not yet fully understood. Recent studies have suggested that chronic pain may 
influence cancer development through several biological pathways. Pro-inflammatory cytokines, such as IL-6 and TNF-α, 
are often elevated in chronic pain conditions and may contribute to a tumor-promoting microenvironment by enhancing 
angiogenesis, suppressing immune surveillance, and increasing metastatic potential.28 Furthermore, CP-induced chronic 
stress and inflammation may disrupt hormonal regulation, potentially altering estrogen metabolism and receptor signaling 
pathways in estrogen-sensitive breast cancer subtypes.29 Furthermore, chronic pain is frequently accompanied by 
oxidative stress, which can cause DNA damage and mutations, promoting cancer initiation.30 To better understand the 
causal relationship between chronic pain and breast cancer, we aimed to employ a genetic approach using Mendelian 
randomization (MR). Recent genome-wide association studies (GWAS) have identified multiple loci associated with CP, 
and in MR, a genetic score composed of CP-associated single nucleotide polymorphisms (SNPs) can serve as an 
instrumental variable. This approach allows us to evaluate the potential causal link between CP and breast cancer risk 
while minimizing selection bias and confounding factors typically encountered in traditional epidemiological studies.

Materials and Methods
Study Design
The publicly available studies that were approved in the corresponding studies by the institution itself provided us with 
the research summary dataset. As all exploited data was publicly accessible, no further approval is necessary. A two- 
sample Mendelian randomization was employed to evaluate the causal relationship among seven categories of chronic 
pain (including back pain, facial pain, headache, hip pain, knee pain, neck/shoulder pain, and stomach/abdominal pain) 
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and breast cancer and its 5 subtypes (including Luminal A, Luminal B, Luminal B/HER2-negative, Her2-positive breast 
cancer, triple-negative breast cancer). The selection of these specific chronic pain types and breast cancer subtypes is 
based on their relevance to the study’s objectives, as detailed in the Introduction. Additionally, only these seven chronic 
pain types available in the database could be available for this analysis. Briefly, chronic pains served as the exposures, 
while all breast cancer and 5 subtypes of breast cancer served as the outcomes. Single-nucleotide polymorphisms (SNPs) 
that were highly correlated with seven different types of MCP were chosen to serve as instrumental variables (IVs). We 
first performed univariable MR analysis to identify the causal effect of chronic pain on breast cancer.

Given the association between obesity, chronic pain and breast cancer, we conducted a multivariable Mendelian 
randomization analysis to concurrently assess the direct impact of pain on breast cancer, accounting for obesity.

The MR method must adhere to three key assumptions: (i) the instrumental variables (IVs) should have a strong 
association with the exposures; (ii) the IVs are independent of any confounding factors in the relationship between 
exposures and outcomes and (iii) the instruments affect the outcomes only through the relevant exposures (Figure 1).

Figure 1 Diagrams illustrating associations examined in this study. (a) Univariable MR analysis; (b) Multivariable MR analysis.
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Data Sources
Single nucleotide variants (single-nucleotide polymorphisms [SNPs]) associated with CP were obtained from 
a comprehensive biomedical database of genome-wide association studies: the UK Biobank Consortium. This study 
identified facial pain (ukb-b-17107), headache (ukb-b-12181), hip pain (ukb-b-7289), knee pain (ukb-b-16254), stomach 
or abdominal pain (ukb-b-11413), neck or shoulder pain (ukb-b-18596), and back pain (ukb-b-9838) as prevalent 
contributors to chronic pain in individuals. SNPs associated with headache, knee pain, and back pain (P < 5×10−8), as 
well as SNPs associated with facial pain, hip pain, stomach/abdominal pain, and neck/shoulder pain (P < 5×10−6), were 
selected as instrumental variables (IVs). In assessing instrument strength and statistical power, we used a F statistic greater 
than 10 to signify a reasonably low probability of weak instrument bias for our Mendelian Randomization investigation.

GWAS summary data on breast cancer were obtained from the MRC-IEU. The SNPs for BRCA were sourced from 
a recent meta-analysis of GWAS datasets compiled by Zhang, Haoyu et al,18 encompassing 133,384 cases and 113,789 
controls. They assessed variations with a minor allele frequency (MAF) over 0.01 (about 10 million) and a r² of at least 
0.3, while excluding variants located within ±500 kb of, or in linkage disequilibrium (r² ≥ 0.1) with established 
susceptibility variants. A minimum allele frequency (MAF) greater than 0.01 was selected to guarantee a sufficient 
sample size. The five subtypes of breast cancer—luminal A, luminal B, luminal B/HER2-negative, HER2-enriched, 
and triple-negative—have been incorporated into research investigations. The SNPs for BMI were obtained from 
a meta-analysis of genome-wide association studies concerning body fat distribution in 694,649 individuals of 
European descent conducted by Pulit SL et al.31 They identified the most significantly linked SNPs (P < 5×10−9) 
and determined all SNPs in linkage disequilibrium (r2 > 0.05) with the top-associated SNP within a ±5Mb range. 
Table 1 contains the specifics of the data sources.

Statistical Analyses
Univariable MR analyses were conducted to systematically assess the total effect of each of the seven types of CPs on 
various subtypes of BCs. This study primarily employed the inverse-variance weighted (IVW) model as its main 

Table 1 Details on the Characteristics of Each Included Dataset

Phenotype Data Source Total Sample 
Size

# SNPs

Facial pain https://gwas.mrcieu.ac.uk/datasets/ukb-b-17107/ 8595 cases, 

453,262 controls

9.9M

Headache https://gwas.mrcieu.ac.uk/datasets/ukb-b-12181/ 93,308 cases, 

368,549 controls

9.9M

Hip pain https://gwas.mrcieu.ac.uk/datasets/ukb-b-7289/ 52,087 cases, 
409,770 controls

9.9M

Knee pain https://gwas.mrcieu.ac.uk/datasets/ukb-b-16254/ 98,704 cases, 

363,153 controls

9.9M

Stomach or abdominal pain https://gwas.mrcieu.ac.uk/datasets/ukb-b-11413/ 39,646 cases, 

422,211 controls

9.9M

Neck or shoulder pain https://gwas.mrcieu.ac.uk/datasets/ukb-b-18596/ 106,521 cases, 
355,336 controls

9.9M

Back pain https://gwas.mrcieu.ac.uk/datasets/ukb-b-9838/ 118,471 cases, 

343,386 controls

9.9M

Breast Cancer Zhang, Haoyu et al18“Genome-wide association study identifies 

32 novel breast cancer susceptibility loci from overall and 

subtype-specific analyses”. Nature genetics vol. 52.6 (2020): 
572–581. doi:10.1038/s41588-020-0609-2

133,384 cases, 

113,789 controls

10.8M

BMI Pulit SL, Stoneman C, Morris AP et al.31 Meta-analysis of 

genome-wide association studies for body fat distribution in 
694649 individuals of European ancestry. Hum Mol Genet. 2019 

Jan 1;28 (1):166–174.

694, 648 27.4M
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analytical method. The coherence of the causal estimates was assessed using the weighted median (WM) model and the 
MR-Egger regression model. The IVW approach assessed the causal consequences of each SNP as a valid natural 
experiment, evaluating the causal effects of each SNP on the outcome and employing the outcome as weights for meta- 
analysis to determine the combined causal effect. The IVW (fixed-effect) method yields an unbiased estimate when 
horizontal pleiotropy is absent or balanced. In the presence of heterogeneity, the random-effects IVW model was utilized, 
producing valid results contingent upon the assumption of balanced pleiotropy. The findings were reported as odds ratios 
(ORs) accompanied by their respective 95% confidence intervals (CIs), encompassing analyses of seven exposures and 
six outcomes. We define a positive result as having an odds ratio (OR) greater than 1 or less than 1, with both the IVW 
method and the weighted median method yielding P< 0.05. Given the exploratory nature of this study and the limited 
number of hypothesis tests, we did not apply multiple testing correction to the p-values to avoid over-adjustment, which 
could obscure meaningful associations. We then performed a multivariable MR (MVMR) analysis to estimate CPs and 
BMI on BCs. Multivariable MR entails collecting estimates for all instruments on each exposure under consideration, 
allowing each estimated effect to account for the impact of all other exposures in the model. We initially proceeded to 
handle instrumental variable (IV) data for exposure variables (CP) and confounding factors (BMI). Clumping of IV data 
was performed, followed by matching with GWAS data for both CP variables and BMI variables. Subsequently, outcome 
GWAS data from multiple files were read and formatted for the outcome variable (breast cancer). The MVMR process 
was then initiated, involving merging and formatting the data, as well as estimating the effect using the IVW (Inverse- 
Variance Weighted) method. The findings were reported as β coefficients and odds ratios (ORs), accompanied by their 
respective 95% confidence intervals (CIs). The statistical significance threshold was established at a P-value of less than 
0.05. The conclusive positive outcomes are derived from the integration of the positive results from both univariate and 
multivariate MR analyses.

Pleiotropy was assessed using the MR-Egger intercept test to detect potential bias from SNP effects through 
alternative pathways. Heterogeneity testing helps determine whether the effect estimates across different SNPs are 
consistent. Cochran’s Q statistic was utilized to assess the heterogeneity among individual genetic variations. Leave- 
one-out analysis was employed to assess whether MR estimations were affected by a single SNP and to compute the 
meta-effect of the other SNPs.

All analyses were carried out using packages “TwoSampleMR”, and “MVMR” in R version 4.3.1.A flowchart 
detailing the statistical analyses is depicted in Figure 2.

Results
Mendelian Randomization Analysis
Overview of the results
Summary information on the SNPs used as genetic instruments are shown in Table S1. Independent SNPs linked with 
back pain, headache, and knee pain were set at a P-value < 5×10−8, and others were set at a P-value < 5×10−6. 
A clumping strategy with a threshold of r2 < 0.001 and kb = 10,000 was used to reduce linkage disequilibrium (LD). The 
F statistics of all identified SNPs were more than 10. Following a series of quality control measures, 23 SNPs with back 
pain, 19 SNPs with face pain, 58 SNPs with headache, 51 SNPs with hip pain, 11 SNPs with knee pain, 74 SNPs with 
neck/shoulder pain, and 38 SNPs with stomach/abdominal pain were classified as IVs. The causal relationships between 
7 exposures and 6 outcomes were analyzed using Mendelian randomization. More specific results from the univariable 
MR analyses are summarized in Figures 3, 4 and Tables 2, 3; multivariable MR analysis is summarized in Figure 5. The 
results of sensitivity analyses are shown in Figures 6 and 7. All MR analysis results are shown in Table S1. Detailed 
information on each SNP is provided in Table S2.

Causal Effects of CPs on Overall BC by Univariable MR Analysis
In univariable MR, as is apparent from Table 2, genetic liability to stomach/abdominal pain showed a strong 
association with a higher risk of overall BC (OR 3.411, 95% confidence interval [CI] 1.029–11.313, P<0.05) by the 
IVW method and (OR 3.525, 95% CI 1.021–12.176, P<0.05) by the weighted median method (WM). However, 
a slight causal effect of neck/shoulder pain on overall BC was observed with OR of 1.956 (95% CI 1.264–3.025, 
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P<0.05) using the IVW, but an OR of 1.578 (95% CI 0.955–2.608, P=0.08) using the WM. The definition of 
a positive result, as mentioned earlier in the methodology section, requires a significant difference (P<0.05) between 
both the IVW and WM methods. Therefore, we do not believe that neck/shoulder pain could increase the risk of 
overall BC. The effect of stomach/abdominal pain on overall BC analysis is presented in a scatter plot and a forest 
plot (Figures 3 and 4). Besides, other chronic pains had no significant effect on overall BC: back pain (IVW: 
OR = 1.21, 95% CI = 0.72–2.02, P = 0.64), facial pain (IVW: OR = 1.40, 95% CI = 0.15–12.74, P = 0.76), 
headache (IVW: OR = 1.69, 95% CI = 0.83–3.44, P = 0.15), hip pain (IVW: OR = 0.89, 95% CI = 0.46–1.70, 
P = 0.72), knee pain (IVW: OR = 1.78, 95% CI = 0.74–4.27, P = 0.2) (Table S1).

Figure 2 Flowchart of the statistical analyses, outlining the different analyses performed at each stage of the study. (a) Univariable MR flowchart, (b) Multivariable MR 
flowchart.
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Causal Effects of CPs on BC Subtypes by Univariable MR Analysis
Univariable MR revealed a connection between genetic susceptibility to neck/shoulder pain and an elevated risk of Luminal_A 
breast cancer (OR 1.999, 95% CI 1.263–3.163, P<0.05) by the IVW approach and (OR 1.917, 95% CI 1.029–3.572, P<0.05) 
by the WM method. In addition, three causal associations between CP and the subtypes of BC were shown by the IVW 
method, which is stomach/abdominal pain on Luminal-A BC breast cancer (OR=4.303, 95% CI =1.049–17.643, P=4.30E-02), 
headache on Luminal_B_HER2 Negative breast cancer (OR=2.914, 95% CI = 1.208–7.031, P=1.70E-02) and stomach/ 
abdominal pain on HER2 (+) breast cancer (OR=86.30, 95% CI = 2.70–2760.51, P=1.20E-02), but there was no significant 

Figure 3 Scatter plots of MR analysis. The slope of each line corresponding to the estimated MR effect based on various models. (A) ‘Stomach or Abdominal Pain’ on 
‘OVERALL breast cancer, (B) “Neck or Shoulder Pain’ on ‘Luminal A breast cancer.

Figure 4 Forest plot. (A) MR effect size for ‘Stomach or Abdominal Pain’ on ‘OVERALL breast cancer’, (B) MR effect size for ‘Neck or Shoulder Pain’ on ‘Luminal A breast 
cancer’.
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difference shown by the WM method. Therefore, we do not believe that those three results have a causal relationship with 
each other. The effect of neck/shoulder pain on Luminal_A BC analysis is presented in a scatter plot and a forest plot 
(Figures 3 and 4). Other 5 chronic pains had no significant effect on Luminal_A BC both by the IVW method and other MR 
analyses. (see more details in Table S1). Additionally, our IVW results showed that liability to the other 5 chronic pains 
(including back pain, facial pain, headache, hip pain, and knee pain) does not affect the other 4 subtypes of BCs (including 
luminal B, Luminal_B_HER2-negative, HER2-enriched, and triple-negative subtypes) which is consistent with results from 
the other MR methods including MR Egger and weighted median (see more details in Table S1).

Table 3 Causal Effects of Pain on Diabetic Luminal_A Breast Cancer

Exposure IVW method (multiplicative random effects) MR Egger Weighted median

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Neck or Shoulder Pain 1.999 (1.263–3.163) 3.10E-03 3.015 (0.503–18.072) 0.23 1.917 (1.029–3.572) 4.00E-02

IVW method (fixed effects) MR-Egger regression analysis Cochran’s Q test

OR (95% CI) P-value Intercept P-value Q statistic P-value

1.999 (1.290–3.096) 1.90E-03 −0.002206118 0.643088624 74.77467241 0.267817431

Stomach or Abdominal Pain IVW method (multiplicative random effects) MR Egger Weighted median

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

4.303(1.049–17.643) 4.30E-02 11.861(0.063–2226.925) 0.36 2.705(0.575–12.717) 0.21

IVW method (fixed effects) MR-Egger regression analysis Cochran’s Q test

OR (95% CI) P-value Intercept P-value Q statistic P-value

4.303(1.569–11.802) 4.60E-03 −0.003625772 0.695987826 58.67135805 0.001329464

Table 2 Causal Effects of Pain on OVERALL Breast Cancer

Exposure IVW Method (Multiplicative 
Random Effects)

MR Egger Weighted Median

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Neck or Shoulder 
Pain

1.956 (1.264–3.025) 2.60E-03 2.608 (0.467–14.545) 0.28 1.578 (0.955–2.608) 0.08

IVW method (fixed effects) MR-Egger regression analysis Cochran’s Q test

OR (95% CI) P-value Intercept P-value Q statistic P-value

1.956 (1.403–2.726) 7.50E-05 −0.001540438 0.73553322 117.259472 0.000193876

Stomach or 
Abdominal Pain

IVW method (multiplicative 
random effects)

MR Egger Weighted median

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

3.411 (1.029–11.313) 4.50E-02 5.309 (0.120–235.168) 0.39 3.525 (1.021–12.176) 4.60E-02

IVW method (fixed effects) MR-Egger regression analysis Cochran’s Q test

OR (95% CI) P-value Intercept P-value Q statistic P-value

3.411 (1.620–7.185) 1.20E-03 −0.001648724 0.810826051 82.8840515 2.16E-06
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Causal Effects of CPs on BCs by Multivariable MR Analysis
In the MVMR analysis of CPs-BMI-BCs, the direct effect of stomach/abdominal pain on overall breast cancer was OR 
4.39 (95% CI = 1.48–13.06, P <0.05) after accounting for BMI, the direct effect of neck/shoulder pain on Luminal-A BC 

Figure 5 Independent effect of Pain on the risk of Breast cancer using multivariable Mendelian randomization analysis after adjusting BMI.
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was OR 2.46 (95% CI = 1.24–4.87, P <0.05) after accounting for BMI. There were no statistically significant differences 
in other MVMR results by combining univariable results. All MVMR results are shown in Figure 5.

Sensitivity Analyses
Sensitivity analyses were performed to detect the presence of horizontal pleiotropy and heterogeneity. We assessed 
horizontal pleiotropy from the MR-Egger regression analysis and heterogeneity using Cochran’s Q test. The MR-Egger 
intercept provides evidence for balanced horizontal pleiotropy for all MR analyses (P>0.05) (Tables 2,3 and S1). 
Significant heterogeneity was apparent in stomach/abdominal pain IVs for overall BC (Q p-value= 2.16E−06), which 
is illustrated in the funnel plot (Figure 6). There was no significant heterogeneity revealed in neck/shoulder pain IVs for 
Luminal-A BC (Q p-value= 0.27), which is shown in the funnel plot (Figure 6). The leave-one-out analysis suggested 
that the risk estimates of stomach/abdominal pain for overall BC and neck/shoulder pain for Luminal-A BC generally 
remained consistent after eliminating each single SNP at a time, which are shown in the LOO plot (Figure 7).

Discussion
To our knowledge, this is the first large-scale univariable MR combining multivariable MR study to simultaneously 
elucidate the causal effect of each kind of pain on breast cancer with its subtypes. We found pieces of evidence that 
stomach/abdominal pain is a causative factor for overall BC and neck/shoulder pain is a causative factor for Luminal- 
A BC. MVMR was utilized to control for confounder (BMI) so that IVs of CPs are not subject to BMI. This helps 
minimize the potential for confounding bias in estimating causal effects. In this study, MR analysis provided an objective 
assessment of the causal relationship between specific risk factors and diseases, utilizing data from extensive published 
GWAS, thereby enhancing the validity and reliability of our findings. The use of data from multiple databases for 
exposure, confounders, and outcomes reduced potential bias in the estimation of the observational association. The 
advantages of MR analysis enhance the reliability of our findings.

A Mendelian randomization analysis examining the association between migraine and breast cancer indicates that 
migraine may serve as a risk factor for overall breast cancer and estrogen receptor-positive breast cancer, but not for 
estrogen receptor-negative breast cancer.32 Several studies and case reports have identified facial pain as a symptom 
associated with nonmetastatic lung cancer.33–35 A review indicated that the mean duration from the onset of facial pain to 
the pursuit of medical attention was 9 months, while the mean interval from seeking medical attention to cancer diagnosis 
was 8 months.36

Figure 6 Funnel diagram of instrumental variable. (A) ‘Stomach or Abdominal Pain’ on ‘OVERALL breast cancer, (B) “Neck or Shoulder Pain’ on ‘Luminal A breast cancer.
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The precise mechanistic relationship between chronic pain and breast cancer pathogenesis remains incompletely 
understood, with no conclusive evidence establishing either direct causality or shared risk factors. However, some 
evidence suggests potential pathophysiological interactions mediated through specific molecular pathways. The inflam-
matory hypothesis represents one plausible mechanistic link, as both chronic pain syndromes and breast carcinogenesis 
are associated with dysregulated inflammatory processes. Pro-inflammatory cytokines, particularly IL-1α and IL-6, have 
been implicated in both chronic pain maintenance and breast cancer progression. IL-1α demonstrates significant 
associations with resting low back pain 37 and breast cancer overall survival.38–42 Experimental evidence from Nature 
demonstrates that inflammatory cytokines (TNF-α, IL-1β, IL-6) enhance cellular invasiveness through chemokine 
receptor upregulation.28 Notably, Naugler et al identified sexual difference in tumor susceptibility mediated through 
estrogen-regulated macrophage IL-6 production, suggesting a complex interplay between inflammatory signaling, 
hormonal regulation, and carcinogenesis.29 Genetic polymorphisms in pain modulation pathways may further contribute 
to this association. Several Studies on OPRM1 genetic variants in cancer patients discovered that OPRM 118-G allele 
carriers were associated with high doses of opioids, which means that they were usually more sensitive to pain, compared 
to rs1799971-A carriers.43–46 A study by Cieślińska et al indicated a significant association between the G allele at 
position 118 of the μ-opioid receptor gene (OPRM1) and heightened breast cancer incidence (OR=3.3, 95% CI 2.2–5.0, 
p<0.0001).47,48 Zagon et al.49 Gach et al 50 and Hatzoglou et al 51 found that OPRM1 expression correlates with ER 
positivity, resulting in ERα activation via MOR activation, which facilitates its translocation to the plasma membrane and 
promotes the proliferation of breast cancer cells. Some genetic variations may be associated with breast cancer and 
chronic pain.Neuroimmune interactions represent another potential mechanistic link. Some research indicates that 
chronic pain-induced sensitization of the nervous system can alter immune responses in the tumor microenvironment. 
Ke Ren et al summarized that chronic pain leads to neuronal sensitization through complex interactions among immune 
cells (such as mast cells, macrophages, neutrophils, lymphocytes), glia (including satellite glial cells, microglia, 
astrocytes) and neurons, involving the release of inflammatory mediators, cytokines, chemokines and neurotransmitters, 

Figure 7 Inspection chart of “leave-one-out method”. (A) MR leave-one-out sensitivity analysis for ‘Stomach or Abdominal Pain’ on ‘OVERALL breast cancer, (B) MR leave- 
one-out sensitivity analysis for “Neck or Shoulder Pain’ on ‘Luminal A breast cancer.
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and the activation of multiple signaling pathways, which ultimately increase synaptic strength and alter pain sensitivity.52 

This mechanism may indirectly influence the development of cancer by promoting inflammatory responses in the tumor 
microenvironment. This may also lead to tumor cell immune evasion, with pain affecting local immune responses 
through neuropeptide secretion.53 Chronic pain is often associated with increased stress hormones like cortisol, which 
have immune-suppressive effects. Elevated cortisol levels can impair immune cell function, reducing the body’s ability to 
respond to cancer cells. Prolonged stress and immune suppression may create a favorable environment for tumor growth 
and metastasis 54. The cumulative evidence suggests that chronic pain may influence breast cancer development and 
progression through interconnected mechanisms involving inflammatory signaling, hormonal regulation, genetic predis-
position, neuroimmune modulation, and stress-mediated immunosuppression.

In this study, we adjusted for BMI as a potential confounder in the multivariable Mendelian randomization analysis to 
isolate the independent effect of chronic pain on breast cancer risk. BMI is a well-established risk factor for both chronic 
pain and breast cancer, with high BMI contributing to mechanical stress, systemic inflammation, and metabolic 
dysregulation, all of which may exacerbate chronic pain conditions as we mentioned before. Conversely, low BMI has 
been associated with malnutrition and musculoskeletal degradation, which can also lead to chronic pain. Additionally, 
BMI exhibits a complex relationship with breast cancer risk. A prior MR study conducted by Y G et al identified an 
inverse relationship between genetically predicted BMI and the risk of breast cancer.27 Previous studies agreed on 
whether a causal effect exists between BMI and BC. By accounting for BMI in our analysis, we aimed to minimize 
confounding and ensure that the observed associations between chronic pain and breast cancer are not driven by BMI- 
related pathways. However, further research is needed to explore the interplay between BMI, chronic pain, and breast 
cancer in greater detail.

This study has several limitations. This study’s focus on Europe may limit the generalizability of the findings to 
other populations and regions. While the use of large-scale GWAS datasets provides a robust foundation for the study, 
the reliance on historical data may not fully capture recent advances or population-specific variations. Secondly, 
certain MR analyses lacked sufficient power to identify effects, attributable to the limited number of IVs for each 
chronic pain condition explained by the SNP instruments or the restricted sample sizes of the outcome (BCs) GWAS. 
Increased quantities of instrumental variables and genome-wide association studies on biological contexts will enhance 
the capacity of future Mendelian randomization studies to identify associations. In the MVMR analysis, BMI was the 
sole confounder variable considered to estimate the direct effect of the CPs on BCs after controlling for it. The MVMR 
method may yield biased results if other genetic variants directly influence the outcome variables. To address this 
limitation, future studies should consider incorporating additional covariates, such as lifestyle and physiological factors 
(eg, hormonal levels, physical activity, smoking, and alcohol consumption), to improve the robustness of the analysis. 
This would provide a more comprehensive understanding of their potential influence on the relationship between 
chronic pain and breast cancer. As a result, our findings should be interpreted cautiously and substantiated by more 
studies.

In summary, our findings provide genetic evidence suggesting a potential causal link between stomach/abdominal 
pain and overall BC in the European population. In BC subtypes, our results supported that liability to neck/shoulder pain 
affects Luminal-A breast cancer risk in Europeans. Except for the above two, our findings did not support causal 
relationships between other types of pain and breast cancer and its subtypes. The MVMR method also validated the 
above two causal relationships by considering BMI as a confounder subsequently. Pain can significantly affect a patient’s 
health-related quality of life (HRQoL). It can cause increased anxiety, depression, and fatigue, adding to the disease’s 
overall burden. A study introduced pain neuroscience education (PNE) into the chronic pain management of breast 
cancer survivors, which helped improve the quality of life for breast cancer patients.55 People should therefore pay more 
attention to their pain. Raising awareness of the link between chronic pain and cancer may not delay a cancer diagnosis. 
Future research should utilize individual-level data and basic science methodologies to explore the mechanisms linking 
CPs with BMI and the development of BC. We hope that this study will inspire further investigations into the complex 
interactions between chronic pain and cancer, paving the way for a deeper understanding of how pain may influence 
cancer development and progression.
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