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Previous research suggests a link between inflammatory proteins and rotator cuff tears, but the 
specific protein remains unclear. This two-sample Mendelian randomization (MR) study used genetic 
variants from a genome-wide association study (GWAS) of 14,824 primarily European participants. We 
analyzed 91 circulating inflammatory proteins using inverse variance weighting (IVW) and validated 
results with MR-Egger, the weighted median approach, and sensitivity tests. MR analysis identified 
three inflammatory proteins with significant associations in the IVW analysis: Interleukin-20 (IL-20) 
levels (OR = 1.225, 95% CI = 1.036 − 1.450, P = 0.044), Leukemia inhibitory factor levels (LIF) (OR = 1.380, 
95% CI = 1.008 − 1.889, P = 0.044), and Signaling lymphocytic activation molecule (SLAM) (OR = 1.183, 
95% CI = 1.059 − 1.321, P = 0.015). Elevated IL-20, LIF and SLAM increased the risk of rotator cuff tears. 
This MR study reveals a potential association between IL-20, LIF and SLAM and the risk of rotator cuff 
tears, providing insights into their pathogenesis and potential therapeutic targets.
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Rotator cuff tears, defined as tendon ruptures or detachments from the humeral head, represent a common 
etiology of shoulder pain and dysfuntion1,2. Notably, such tears are also frequently identified in asymptomatic 
individuals3,4. Epidemiological studies indicate that rotator cuff tears affect approximately 20–22% of the 
general population, with prevalence increasing with age. Asymptomatic tears are nearly twice as common as 
symptomatic ones3,5. The pathophysiology of rotator cuff tears is multifactorial, involving various intrinsic 
and extrinsic factors. Emerging evidence from basic and translational research highlights the pivotal role 
of inflammation in the onset and progression of rotator cuff tears. Although local inflammation within the 
tendon microenvironment is recognized as a key contributor to the pathophysiology of rotator cuff tears, some 
studies suggest that circulating inflammatory proteins may also play an active role in modulating tendon health. 
Systemic inflammation has been implicated in the initiation and progression of tendon disorders, potentially by 
facilitating immune cell trafficking and the infiltration of cytokines from the bloodstream into tendon tissue6,7. 
Studies have demonstrated that pro-inflammatory cytokines such as interleukin-6 (IL-6), interleukin-1β (IL-
1β), and tumor necrosis factor-alpha (TNF-α) can cross endothelial barriers, thereby influencing local cellular 
responses—including tenocyte apoptosis, extracellular matrix (ECM) remodeling, and neoangiogenesis8,9. 
Elevated levels of these cytokines, along with cyclooxygenase-2 (COX-2), have been associated with tissue 
degradation, tendon atrophy, and the development of chronic pain symptoms10,11. Nevertheless, the precise 
molecular and cellular mechanisms through which systemic and local inflammation interact to drive rotator 
cuff degeneration remain incompletely understood12. A deeper understanding of these mechanisms is crucial 
for developing effective diagnostic and therapeutic strategies, which could significantly alleviate symptoms 
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and enhance shoulder function. Previous animal experiments revealed that TNF-α IL-6, IL-1β, and IL-17 A is 
frequently expressed at elevated levels in the subacromial bursae tissue and worn tendon tissue of patients with 
rotator cuff tears13,14. However, the results of these studies are often susceptible to the influence of confounding 
factors.

This study uses a bidirectional MR approach to explore the potential associations between genetically 
predicted levels of circulating inflammatory proteins and the risk of rotator cuff tears. By using genetic variants 
as instrumental variables, this method helps mitigate confounding factors and clarify the directionality of these 
associations. Our aim is to delineate the genetic and inflammatory pathways that may predispose to or result 
from rotator cuff tears, potentially unveiling new therapeutic targets. The insights gained could lead to better 
prevention and treatment strategies, improving outcomes for those at risk or currently suffering from rotator 
cuff tears.

Materials and methods
Study design
In this study, 91 circulating inflammatory proteins were selected as exposures based on a recent extensive study. 
A rigorous selection process was implemented to identify appropriate Instrumental variables (IVs) for proxying 
these exposures. The study utilized aggregated data from the IEU Open GWAS project focused on rotator cuff 
tears. We restricted our subject population to individuals of European ancestry to minimize demographic 
stratification biases. No further approval from the institutional review board (IRB) was required, as all data were 
sourced from previously approved studies with requisite ethical clearance and informed consent obtained from 
all participants. MR studies are predicated on three critical assumptions: (I) IVs, chosen as genetic variants, 
must be strongly associated with the exposure of interest. (II) IVs must be independent of any confounders that 
also affect the outcome. (III) The influence of IVs on the outcome should be exclusively mediated through the 
exposure. The structure of this bidirectional MR study aligns with established guidelines for conducting MR 
investigations, as outlined in Fig. 115,16.

GWAS data sources for 91 inflammatory proteins
Updated GWAS summary statistics for 91 inflammatory proteins were derived from a study by Zhao et 
al.17involving 14,824 participants, predominantly of European descent, from 11 cohorts. These proteins were 
analyzed using genome-wide genetic data and plasma proteomics via the Olink Target Inflammation immunoassay 
panel. Each cohort’s GWAS was conducted using a linear regression-based additive genetic association model. 
The effect of each inflammatory protein is reported as a change in inverse-rank normalized protein level per 
allele dose. Adjustments for population substructure were made using genetic principal components. Age and 
sex were also included as covariates to mitigate potential confounding effects18. Comprehensive quality control 
measures and data sources are detailed in the original publication17.

Rotator cuff tears GWAS data sources
Data on rotator cuff tears were sourced from the IEU Open GWAS project (https://gwas.mrcieu.ac.uk/)19, with 
the specific GWAS ID for rotator cuff tears being ebi-a-GCST90044700. This dataset includes data from 5,701 
cases and 406,310 controls, encompassing 16,110,542 single nucleotide polymorphisms (SNPs). Notably, all 
participants in both datasets were of European ancestry, which can help mitigate potential bias arising from 
demographic stratification18.

Fig. 1.  The hypothesis principle of MR.
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Selection of instrumental variables (IVs)
To ensure the validity of IVs in our MR analysis, we applied rigorous quality control measures for SNPs. SNPs 
were initially selected based on a significance threshold of P < 5 × 10⁻⁶20,21. To minimize the effects of linkage 
disequilibrium (LD), we applied a clumping criterion with an r² threshold of < 0.001 within a 10,000  kb 
window22,23. Additionally, the F statistic was utilized to confirm the strength of the IVs, with an inclusion 
threshold set at F > 10 to ensure robust associations23 (Fig. 2).

Fig. 2.  The research workflow of this study.
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Statistical analysis
All analyses were conducted using R statistical software (version 4.2.1). MR was performed using the 
“TwoSampleMR” package in R. For multiplicity tests, the “MR_PRESSO” package was utilized. For each 
exposure, we conducted the primary MR analysis using the IVW method within a multiplicative random-
effects framework24. This method combines Wald ratio estimates for individual SNPs to generate an overall 
causal estimate for each risk factor, with each SNP’s effect calculated as the ratio of its outcome association 
to its exposure association25. As IVW estimates can be influenced by pleiotropic instruments24we performed 
sensitivity analyses to account for pleiotropy. Cochran’s Q test evaluated heterogeneity among SNPs, and scatter 
plots of SNP-exposure and SNP-outcome associations were created to visualize the results26. A leave-one-out 
analysis assessed the influence of individual SNPs by sequentially excluding each SNP and recalculating the 
IVW estimates27. MR-PRESSO and MR-Egger regression were further applied to detect and correct horizontal 
pleiotropy, with MR-PRESSO identifying and removing significant outliers28 (Fig. 2, Supplementary Table S1). 
Odds ratios (ORs) with 95% confidence intervals (CIs) were calculated to represent the effects of a one-standard 
deviation increase in lipid-related traits. To investigate the bidirectional causal relationships between rotator 
cuff tears and inflammatory proteins, we designated rotator cuff tears as the “exposure” and inflammatory 
proteins associated with rotator cuff tears as the “outcome.” SNPs significantly associated with rotator cuff tears 
(P < 1 × 10− ⁵) were selected29,30. SNPs with F-statistic values below 10 were excluded to avoid weak instrument 
bias23. To ensure robustness, we applied the Benjamini-Hochberg false discovery rate (FDR) adjustment to P-
values when analyzing associations between inflammatory proteins and rotator cuff tears. Associations were 
considered statistically significant if FDR-adjusted P-values were below 0.0531,32.

Results
Exploring the impact of 91 inflammatory proteins on the association of rotator cuff tears
In the MR analysis of 91 inflammatory proteins in relation to rotator cuff tears, genetically predicted levels of 
three proteins—IL-20, LIF, and SLAM—were significantly associated with rotator cuff tear risk based on the 
IVW analysis (Fig. 3, Supplementary Table S2). All reported P-values were adjusted for multiple comparisons 
using the FDR correction.

For IL-20 levels, twelve SNPs were analyzed, all with F values > 10, indicating strong instrumental variables. 
The IVW method revealed a potential association between IL-20 levels and rotator cuff tears (OR = 1.225, 95% 
CI = 1.036–1.450, P = 0.044). Alternative MR methods, including MR Egger (OR = 1.053, 95% CI = 0.770–1.440, 
P = 1.000), weighted median (OR = 1.155, 95% CI = 0.920–1.449, P = 0.356), weighted mode (OR = 1.125, 95% 
CI = 0.806–1.570, P = 0.837), and simple mode (OR = 1.170, 95% CI = 0.799–1.711, P = 0.728), did not reach 
statistical significance. Nevertheless, the estimated effects across these methods were all in the same direction, 
lending some support to the IVW findings (Fig. 4).

For LIF levels, six SNPs were evaluated, all with F values > 10. The IVW method indicated a potential 
association with rotator cuff tears (OR = 1.380, 95% CI = 1.008–1.889, P = 0.044), and the weighted median 
method also produced a statistically significant result (OR = 1.529, 95% CI = 1.111–2.105, P = 0.046). Although 
the weighted mode (OR = 1.675, 95% CI = 1.082–2.593, P = 0.344) and simple mode (OR = 1.661, 95% CI = 1.059–
2.607, P = 0.391) yielded comparable effect estimates, their results did not reach significance. Overall, the pattern 
of results was consistent with a potential positive association (Fig. 5).

For SLAM levels, twenty-three SNPs were included, each with F values > 10. The IVW analysis showed a 
statistically significant association with rotator cuff tears (OR = 1.183, 95% CI = 1.059–1.321, P = 0.015). However, 
none of the alternative MR methods—MR Egger (OR = 1.139, 95% CI = 0.914–1.420, P = 1.000), weighted median 

Fig. 3.  The result of MR analysis for 91 inflammatory proteins on rotator cuff tears.

 

Scientific Reports |        (2025) 15:26987 4| https://doi.org/10.1038/s41598-025-12785-y

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Fig. 4.  The putative association of IL-20 levels on rotator cuff tears. (A) A forest plot delineated the 
associations of SNPs associated with IL-20 levels on rotator cuff tears, highlighting individual SNP 
contributions. (B) Analysis using a funnel plot indicated minimal heterogeneity within this MR study, 
suggesting a uniform distribution of the effects across studies. (C) The leave-one-out method revealed that the 
removal of individual SNPs does not significantly alter the overall conclusions, indicating robustness in our 
findings. (D) Scatter plots illustrating the genetic associations between IL-20 levels and rotator cuff tears were 
used to visually assess the correlation between genetic predispositions and disease outcomes.
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Fig. 5.  The putative association of LIF levels on rotator cuff tears. (A) A forest plot was constructed to 
showcase the effects of SNPs linked to LIF levels on rotator cuff tears, presenting the influence of individual 
SNPs. (B) A funnel plot analysis indicated minimal heterogeneity across the MR analysis, supporting the 
consistency of the SNP effects. (C) Application of the leave-one-out method demonstrated that omitting 
individual SNPs does not critically alter the overarching conclusions, affirming the stability of our results. 
(D) Scatter plots were employed to depict the genetic associations between LIF levels and rotator cuff tears, 
facilitating a visual examination of the genetic linkage and potential association.
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(OR = 1.070, 95% CI = 0.913–1.254, P = 0.506), weighted mode (OR = 1.069, 95% CI = 0.877–1.303, P = 0.648), 
and simple mode (OR = 1.212, 95% CI = 0.937–1.568, P = 0.394)—achieved statistical significance. Despite this, 
the convergence of effect direction across methods enhances the credibility of the observed association (Fig. 6).

Employing a range of MR methods, we found that the IVW approach yielded statistically significant 
associations for all three inflammatory proteins—IL-20, LIF, and SLAM. While alternative methods such as the 
weighted median, weighted mode, MR-Egger, and simple mode did not consistently reach statistical significance, 
their effect estimates were largely directionally consistent with those from the IVW approach (Supplementary 
Table S2). This consistency across methods, despite differences in statistical power and assumptions, strengthens 
the credibility of the observed associations. The IVW method is known for its higher statistical efficiency when 
the instrumental variables satisfy core assumptions—particularly the absence of horizontal pleiotropy and 
invalid instruments33. Therefore, in the context of no evidence for heterogeneity or directional pleiotropy, we 
primarily interpreted our findings based on the IVW estimates. Nevertheless, we acknowledge that alternative 
MR approaches offer robustness against certain violations of these assumptions, and their nonsignificant results 
warrant cautious interpretation of our findings rather than overreliance on any single method. All selected SNPs 
had F-statistics exceeding the conventional threshold of 10, suggesting sufficient instrument strength and a low 
likelihood of weak instrument bias. Furthermore, results from sensitivity analyses (Supplementary Table S3-4) 
supported the overall robustness of the associations34.

Exploring the impact of rotator cuff tears on the association of 91 inflammatory proteins
To investigate whether rotator cuff tears is associated with alterations in inflammatory protein levels, we 
conducted reverse MR analyses using twenty-two SNPs significantly linked to rotator cuff tears as instrumental 
variables. All selected SNPs had F-statistics > 10, indicating their strength and reliability as instruments. For 
IL-20 levels, the MR results showed no significant association across all methods: IVW (P = 0.462), MR Egger 
(P = 0.168), weighted median (P = 0.479), weighted mode (P = 0.938), and simple mode (P = 0.921). Likewise, 
analyses for LIF levels yielded no evidence of an association: IVW (P = 0.857), MR Egger (P = 0.441), weighted 
median (P = 0.958), weighted mode (P = 0.363), and simple mode (P = 0.503). Similarly, no significant association 
was observed for SLAM levels: IVW (P = 0.583), MR Egger (P = 0.466), weighted median (P = 0.731), weighted 
mode (P = 0.978), and simple mode (P = 0.922) (Table  1). Taken together, these findings suggest that rotator 
cuff tears is not linked to detectable changes in the circulating levels of IL-20, LIF, or SLAM. This indicates that 
rotator cuff tears may not exert a measurable effect on the systemic levels of these specific inflammatory proteins.

Discussion
In this MR study, we identified potential associations between genetically predicted levels of IL-20, LIF, and 
SLAM with increased risk of rotator cuff tears. These associations were statistically significant in the IVW 
analysis, and although other MR methods such as weighted median and MR Egger did not consistently reach 
significance, the consistent direction of effect estimates across methods reinforces the plausibility of our findings. 
By contrast, the reverse MR analyses did not support an effect of rotator cuff tears on these inflammatory protein 
levels, suggesting a unidirectional influence from inflammatory pathways toward tendon degeneration, rather 
than inflammation being a secondary consequence of structural changes in the rotator cuff.

The associations identified in this study between elevated levels of IL-20, LIF, and SLAM and the risk of 
rotator cuff tears support the hypothesis that inflammation may play an upstream role in tendon degeneration. 
IL-20, a member of the IL-10 cytokine family, plays a crucial role in promoting chronic inflammation and tissue 
remodeling. Studies have identified elevated IL-20 expression in degenerative musculoskeletal conditions, 
such as lumbar spinal stenosis and spondylolisthesis, where it contributes to inflammatory infiltration and 
extracellular matrix degradation35. Although, direct evidence of IL-20 receptor expression or functional effects 
in human tendon or tenocytes remains lacking, the role of IL-20 in related musculoskeletal tissues suggests a 
potential upstream role in tendon degeneration. LIF, a multifunctional cytokine involved in both inflammation 
and tissue regeneration, is increasingly recognized as a key modulator in musculoskeletal disease. Elevated LIF 
levels have been observed in conditions such as ankylosing spondylitis, where it exacerbates local inflammation 
and abnormal tissue remodeling36. While some study shown LIF is exert both reparative and pathological effects 
in joint tissues37its specific expression patterns and functional roles in tendon cells or tendon healing models 
have not been well characterized, and this represents an important direction for future studies.

The SLAM receptors, initially identified in immune cells, are also expressed in a variety of hematopoietic 
and non-hematopoietic cell types. These receptors play essential roles in immune cell activation and cytokine 
production, and have emerged as potential biomarkers in inflammatory and joint-related diseases38. However, 
direct evidence demonstrating the presence of SLAM receptors in tendon-resident cells or infiltrating immune 
cells within tendon tissue remains insufficient. Nevertheless, SLAM signaling plays a crucial role in coordinating 
macrophage and T cell function—two key immune cell populations involved in chronic tendon pathology39,40. 
Through the modulation of cytokine production and the resolution of inflammation, SLAM receptors may 
indirectly impact pathological features such as local inflammatory responses, muscle atrophy, and fibrosis 
observed in tendon degeneration. Furthermore, downstream pathways, including RhoA and ceRNA regulatory 
networks, have been proposed in other musculoskeletal diseases41,42; however, their specific involvement in 
tendon pathology has yet to be experimentally confirmed. These knowledge gaps underscore the necessity 
for further mechanistic investigations to clarify the roles of SLAM receptors and related signaling cascades in 
tendon disease processes.

Our findings are in agreement with prior histological and molecular studies that report elevated levels of 
inflammatory cytokines—including IL-1β, IL-6, and TNF-α—in degenerated or torn rotator cuff tissues43. 
For example, IL-6 has been shown to mediate fibroblast activation and promote matrix remodeling in early 
tendinopathy44while IL-17 A contributes to the initiation of tendon inflammation via the activation of MMPs 
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and chemokine pathways45. However, most of these prior investigations were observational or conducted in 
animal models, making it challenging to infer association or establish the direction of effect. By employing 
MR, our study mitigates the influence of confounding and reverse causality, providing stronger evidence for a 
unidirectional relationship from elevated inflammatory proteins to tendon degeneration. Notably, reverse MR 

Fig. 6.  The putative association of SLAM levels on rotator cuff tears. (A) A forest plot illustrated the 
association of SNPs related to SLAM levels on rotator cuff tears, detailing the impact of each genetic variant. 
(B) A funnel plot analysis revealed minimal heterogeneity within this MR study, suggesting a consistent effect 
size across the included SNPs. (C) The leave-one-out method confirmed that removing individual SNPs did not 
significantly influence the overall conclusions, indicating robustness in the association inference. (D) Scatter 
plots were generated to visually represent the genetic associations between SLAM levels and rotator cuff tears, 
providing insight into the genetic correlations and their potential pathways.
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analyses did not support an effect of rotator cuff tears on circulating inflammatory protein levels, reinforcing the 
idea that inflammation precedes structural changes, rather than being a reactive consequence of tendon injury.

Collectively, these results suggest that IL-20, LIF, and SLAM may represent mechanistic links between 
immune dysregulation and tendon degeneration. These inflammatory proteins may represent potential 
biomarkers for the early identification of rotator cuff pathology and could be explored as prospective targets for 
therapeutic intervention aimed at modulating upstream inflammatory pathways. However, their precise roles 
in tendon biology and disease progression require further experimental validation. Clinically, the MR-based 
approach enhances causal inference and provides a strong rationale for future trials of anti-inflammatory or 
immunomodulatory therapies in tendinopathies, particularly among individuals with chronic inflammation or 
systemic immune dysregulation.

However, This study also has several limitations that should be acknowledged. First, although we 
systematically investigated 91 circulating inflammatory proteins, the underlying GWAS data were primarily 
derived from individuals of European ancestry. This population-specific dataset may limit the generalizability 
of our findings to other ethnic groups. Future replication studies in more diverse populations are necessary 
to confirm the observed associations. Second, while we identified potential associations between genetically 
predicted inflammatory protein levels and the risk of rotator cuff tears, MR reflects the impact of long-term, 
lifelong exposures based on genetic predisposition. Therefore, our findings may not fully capture transient or 
stage-specific fluctuations in inflammatory protein levels that occur during the progression of tendon pathology. 
Further studies incorporating time-resolved proteomic or transcriptomic data are warranted to elucidate these 
dynamic processes46.Third, although the IVW method produced statistically significant results in our primary 
analyses, other complementary MR methods—including the weighted median, weighted mode, MR-Egger, 
and simple mode—did not consistently reach statistical significance. Although the general concordance in 
the direction of effect across these methods supports the plausibility of our findings, the absence of consistent 
statistical significance highlights potential sensitivity to the choice of analytical method. These alternative 
approaches are more robust to violations of key MR assumptions, such as horizontal pleiotropy or the presence of 
invalid instruments. Consequently, our results should be interpreted with caution, and further validation using 
larger, independent datasets and orthogonal analytical frameworks is needed to strengthen causal inference. 
Fourth, this study lacks direct experimental validation regarding the roles of IL-20, LIF, and SLAM in tendon 
tissue. The expression of these protein receptors in tenocytes or tendon-resident progenitor cells has not been 
conclusively demonstrated, and histological evidence for SLAM-positive immune cell infiltration in human 
rotator cuff tendons remains unavailable. Additionally, while signaling pathways such as RhoA and ceRNA 
networks have been implicated in other degenerative musculoskeletal conditions, their functional involvement 
in tendon pathology has not yet been established. These limitations emphasize the exploratory and hypothesis-
generating nature of our work. Although IL-20, LIF, and SLAM appear to be potential mediators linking systemic 
immune dysregulation with tendon degeneration, their precise mechanistic roles in tendon biology remain to be 
clarified. Future research should focus on mechanistic studies involving receptor expression analysis, functional 
assays in tendon-derived cells, and in vivo modeling to elucidate their potential as biomarkers or therapeutic 
targets in rotator cuff disease.

Conclusion
In summary, our findings indicate a potential association between genetically proxied levels of IL-20, LIF, and 
SLAM and the risk of rotator cuff tears, as supported by IVW analysis and consistent directions in sensitivity 
analyses. After adjusting for multiple comparisons using the FDR, these associations remained statistically 

Exposure Outcome Number of SNPs Methods b se p

Rotator cuff injury Interleukin-20 levels 22 MR Egger 0.108 0.075 0.168

Rotator cuff injury Interleukin-20 levels 22 Weighted median 0.030 0.042 0.479

Rotator cuff injury Interleukin-20 levels 22 Inverse variance weighted 0.023 0.031 0.462

Rotator cuff injury Interleukin-20 levels 22 Simple mode 0.008 0.078 0.921

Rotator cuff injury Interleukin-20 levels 22 Weighted mode 0.006 0.075 0.938

Rotator cuff injury Leukemia inhibitory factor levels 22 MR Egger 0.060 0.076 0.441

Rotator cuff injury Leukemia inhibitory factor levels 22 Weighted median 0.002 0.044 0.958

Rotator cuff injury Leukemia inhibitory factor levels 22 Inverse variance weighted − 0.006 0.031 0.857

Rotator cuff injury Leukemia inhibitory factor levels 22 Simple mode 0.059 0.086 0.503

Rotator cuff injury Leukemia inhibitory factor levels 22 Weighted mode 0.068 0.073 0.363

Rotator cuff injury Signaling lymphocytic activation molecule levels 22 MR Egger − 0.055 0.074 0.466

Rotator cuff injury Signaling lymphocytic activation molecule levels 22 Weighted median − 0.013 0.039 0.731

Rotator cuff injury Signaling lymphocytic activation molecule levels 22 Inverse variance weighted − 0.016 0.030 0.583

Rotator cuff injury Signaling lymphocytic activation molecule levels 22 Simple mode 0.008 0.077 0.922

Rotator cuff injury Signaling lymphocytic activation molecule levels 22 Weighted mode 0.002 0.071 0.978

Table 1.  The result of MR analysis for rotator cuff injury on 91 inflammatory proteins. MR analysis for rotator 
cuff injury on 91 inflammatory proteins, confirmed the absence of a causal relationship between rotator cuff 
injury and these proteins’ levels.
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significant, reinforcing the role of dysregulated immune signaling in tendon degeneration rather than as a 
secondary response to structural disruption. By leveraging MR methodology, this study minimizes confounding 
and reverse causation, providing stronger evidence for a unidirectional effect from inflammation to tendon 
pathology. IL-20, LIF, and SLAM may serve as candidate biomarkers or therapeutic targets, highlighting the 
potential of targeting upstream inflammatory pathways for the early prevention and clinical management of 
rotator cuff disease.

Data availability
The datasets analysed during the current study are available in the EBI GWAS Catalog (accession numbers from 
GCST90274758 to GCST90274848) (https://www.ebi.ac.uk/gwas/) and IEU Open GWAS ​(​h​t​t​p​s​:​/​/​g​w​a​s​.​m​r​c​i​e​u​
.​a​c​.​u​k​/​)​.​​
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