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Background: Sarcopenia and rotator cuff tears are common among elderly

patients. However, the role of sarcopenia in the management of rotator cuff

tears has been often overlooked. This study aimed to elucidate the effects of

sarcopenia-related traits on rotator cuff tears.

Methods: Two-sample Mendelian randomization (MR) analyses based on

genome-wide association study data were used to evaluate the causal

relationships among appendicular lean mass (ALM), usual walking pace, low

hand grip strength, and rotator cuff tears. Multivariate Mendelian randomization

(MVMR) analyses were used to evaluate the direct effects of each muscle trait on

the causal relationship.

Results: Univariate MR analysis showed that ALM and usual walking pace were

causally related to rotator cuff tears (odds ratio (OR) = 0.895; 95% confidence

interval (CI), 0.758-0.966, P<0.001 and OR = 0.458, 95% CI, 0.276-0.762, P =

0.003, respectively), and there was no evidence of causality between low hand

grip strength and rotator cuff tears (OR = 1.132, 95% CI, 0.913-1.404, P = 0.26).

MVMR analysis confirmed the causal effects of ALM and walking pace on rotator

cuff tears (OR = 0.918, 95% CI, 0.851-0.990, P = 0.03 and OR = 0.476, 95% CI,

0.304-0.746, P = 0.001, respectively).

Conclusion: A causal genetic relationship exists between sarcopenia and rotator

cuff tears. Sarcopenia-related traits including low muscle mass and physical

function, increase the risk of rotator cuff tears. These findings provide new

clinical insights and evidence-based medicine to optimize management of

rotator cuff tears.
KEYWORDS

causal relationship, rotator cuff tears, sarcopenia, genetic epidemiology, skeletal
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1 Introduction

The rotator cuff is an important dynamic anatomical complex

that maintains shoulder stability and provides precise spatial

positional control to achieve shoulder torque balance. Therefore,

it is prone to injury during daily activities and upper limb

movements, resulting in varying degrees of pain and functional

impairment, which seriously affect patients’ quality of life. Rotator

cuff tears account for 13–41% of shoulder disorders (1, 2) and have

a linear correlation with ageing, with a morbidity rate of 13% in

people aged >50 years and 20% for those aged >60 years (3, 4). With

an increasingly ageing population worldwide, rotator cuff diseases

have become a progressively serious social health problem with

enormous medical expenses (5). Early identification of related risk

factors and timely interventions have an important clinical value for

the management of rotator cuff tears. Previous studies have shown

that the occurrence of rotator cuff disease is accompanied by tendon

cell atrophy and fat infiltration, with some genetic susceptibility (6).

Sarcopenia is a geriatric syndrome characterized by age-related

loss of skeletal muscle mass, muscle strength, or physical function

(7). It is estimated that approximately 50 million people worldwide

suffer from this condition, with a prevalence rate of 10–27% in

patients aged >60 years (8). With the increasing global aging

population, the number of sarcopenia cases is expected to reach

500 million by 2050 (9). The European Working Group on

Sarcopenia in Older People 2(EWGSOP2) has identified muscle

strength, muscle mass, and physical function as the main criteria for

diagnosing sarcopenia (10). Despite being formally incorporated

into the World Health Organization’s International Classification of

Diseases (ICD) in 2016, sarcopenia may be underdiagnosed due to

its insidious onset (11).

Sarcopenia increases the risk of falls, fractures, motor

dysfunction, physical disability, and mortality. An observational

study (12) showed no significant difference in the incidence of

sarcopenia between the rotator cuff tears and normal control

groups, indicating that sarcopenia cannot be used as a risk factor

for rotator cuff tears. However, Kara et al. (13) obtained the

opposite results and found that probable sarcopenia was a risk

prediction factor for rotator cuff tears, which occurred in 18.6% of

1448 postmenopausal women. A relevant animal study has

confirmed a correlation between sarcopenia and rotator cuff tears,

which can occur before the onset of rotator cuff disease (14).

However, due to the lack of consistency in the conclusions of

existing studies, the causal relationship between sarcopenia and

rotator cuff diseases is not clear. At the same time, based on case-

control and cross-sectional observational studies, and considering

the limitations of small sample size and insufficient follow-up, more

powerful research designs are needed to further verify the causal

relationship between sarcopenia and rotator cuff tears (15).

Mendelian randomization (MR) is a genetic analysis method

(16) that uses single nucleotide polymorphisms (SNPs) as

instrumental variables (IVs) to evaluate the causal relationships

between exposure to relevant phenotypic characteristics and

outcome factors. Due to the random allocation of individual
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genes at conception, resulting in the inheritance of a trait being

independent of other traits and exhibiting randomness. Therefore,

it is unlikely for the genotype of offspring to be influenced by

lifestyle or environmental confounders (17). In comparison to

observational studies, MR can more effectively mitigate

confounding variables and reverse causality (18). With

advancements in biological genetics, genome-wide association

studies (GWAS) utilizing large sample sizes have identified

multiple gene loci represented by SNPs that are closely associated

with sarcopenia-related muscle characteristics, providing a valuable

basis for causal investigation (19).

As a recently proposed disease concept, it is challenging to

locate GWAS summary data for sarcopenia. According to the

EWGSOP2 consensus, low muscle mass and strength (specifically

grip strength and physical function) serve as primary indicators for

measuring sarcopenia. Therefore, we have selected appendicular

lean mass (ALM), low grip strength, and walking speed as exposure

phenotypes (19). Utilizing validated SNPs and publicly available

GWAS datasets, MR analysis was employed to investigate the causal

relationship between traits related to sarcopenia and the

development of rotator cuff tears. This study aims to provide

clinical evidence-based support for managing sarcopenia in

individuals with rotator cuff tears.
2 Materials and methods

2.1 Study design

MR requires three major assumptions (17): association,

independence, and exclusion restriction, meaning that the SNPs

used as IVs should have a robust association with the exposure

factor and be independent of confounding factors, and that the

outcome factor can only be influenced by the exposure factor.

Multivariate MR (MVMR) analysis was used to evaluate the direct

effects of various muscle characteristics on the causal relationship

(20). The study flowchart is shown in Figure 1.
2.2 Data sources

To ensure the rigor and validity of the findings, we adhered to

the following criteria in selecting the sarcopenia and rotator cuff

tear datasets. Firstly, we selected the datasets covering disease

phenotypes. Secondly, we screened statistics datasets from large-

scale genetic biobanks and public summary data to ensure data

undergo rigorous quality control and collation. Thirdly, we utilized

the most up-to-date datasets to maintain the cutting-edge nature of

our research. At the same time, datasets with a large sample size

were preferable chosen to ensure the power of the statistical analysis

and to reduce the potential for weak instrument bias.

All exposure and outcome genetic tools were obtained from

different public gene datasets. The relevant characteristics of

sarcopenia were obtained from the public gene database ‘IEU
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GWAS’ (https://gwas.mrcieu.ac.uk/datasets/), while the data on

rotator cuff tears were obtained from the FinnGen database

(https://www.finngen.fi). Detailed information for obtaining the

exposure and outcome factors from GWAS is listed in Table 1.

All data used were open to the public and did not require separate

ethical reviews or informed consent.

Low skeletal muscle mass and strength (hand grip strength and

physical function) are the primary indicators of sarcopenia, code ICD-

10(M62.84) (11). The GWAS data for ALM were obtained from a

pooled dataset of 450 243 participants aged 48-73 years (21). ALM was

measured using bioelectrical impedance analysis. The low hand grip

strength GWAS data were obtained from a pooled dataset of 256 523

participants (48 596 with low grip strength and 207 927 with normal

grip strength) aged ≥60 years from the EWGSOP alliance (22). The

maximum grip strength was recorded in kg, and low grip strength was

defined as a grip strength of <30 kg inmales and <20 kg in females. The
Frontiers in Endocrinology 03
GWAS data for walking speeds were obtained from the UK Biobank

and included 459 915 participants of European ancestry with walking

speed classified into three levels: slow, steady, or brisk (23).

We obtained summary data on SNPs related to rotator cuff tears

as outcome factors from the FinnGen consortium database (26 376

cases and 299 606 non-cases), code ICD-10(M75.1). The FinnGen

study is a large-scale genomics initiative that has analyzed over

500,000 Finnish biobank samples and correlated genetic variation

with health data to understand disease mechanisms and

predispositions (24). The FinnGen data used in this study were

obtained from the whole-genome analysis results released in

FinnGen R10, with participants having an average age of 55.57

years and an observation period spanning 1985 to 2022. Individuals

with unclear sex and high missing/heterozygosity rates (>5%) were

also excluded. To avoid population-specific bias, all participants

were of European ancestry.
TABLE 1 Data sources and description.

Phenotype Consortium Participants Ancestry GWAS ID Year of publication

ALM* UKB 450 243 European ebi-a-GCST90000025 2020

Low hand grip strength EWGSOP
48 596 cases and 207

927 controls
European ebi-a-GCST90007526 2021

Usual walking pace UKB 459 915 European ukb-b-4711 2018

Rotator cuff tears Finngen
26 376 cases and 299

606 controls
European finn-b-M13_ROTATORCUFF 2023
*ALM, Appendicular lean mass.
FIGURE 1

The framework flowchart of the Mendelian randomization study. Dotted arrow: Instrumental variables are not associated with any known or
unknown confounding factors and influence rotator cuff tears not through any direct causal pathway. Black arrow: Instrumental variables reliably
associated with the sarcopenia- related traits. Red arrow: Instrumental variables affect the rotator cuff tears only through appendicular lean mass,
usual walking pace and low hand grip strength by using Mendelian randomization and Multivariate Mendelian randomization. MR, Mendelian
randomization; MVMR, Multivariate Mendelian randomization.
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2.3 IV selection

To ensure the robustness and replicability of MR results, we

selected SNPs that were significantly associated with the exposure

factor from the pooled GWAS data as IVs (P <5×10−8). Removal of

linkage disequilibrium (LD) reduced the non-random bias of IVs,

and strict criteria were used to evaluate the independence of the SNPs

(r2, 0.001; clump, 10 000kb) in order to select independent SNPs as

IVs (25). The F-values of the selected IVs were calculated through

univariate regression analysis for each IV and exposure phenotype

(sarcopenia-related traits). The formula of calculating the IV’s F-

statistic is as follows. IVs with an F-value ≤ 10 were eliminated to

ensure sufficient explanatory power, thereby reducing the risk of weak

instrumental variable bias (26).

R2 = 2*(1 −MAF)*MAF*b2,

2F = (N − k − 1=k )*(R2=1 − R2)
2.4 Data analysis

All MR data analyses were conducted using the ‘TwoSampleMR’

(v.0.5.7), ‘MendelianRandomization (27) (v.0.9.0), ‘MRPRESSO’

(v.1.0), ‘MVMR (28)’ (v.0.4), and ‘forestplot’ (v.3.1.3) packages in R

software (version 4.3.1; R Foundation for Statistical Computing,

Vienna, Austria).

In MR, the inverse‐variance weighted (IVW) method is the

main statistical analysis and can merge the Wald ratio estimates for

each IV in the causal estimate (29). Both MR-Egger regression and

the weighted median estimator (WME) were utilized for sensitivity

analysis, to verify the reliability of the results (30, 31). The

advantage of the weighted median method is that it can provide

effective results, even if the number of effective IVs is reduced by at

least half during the analysis. MR-Egger regression has the

advantage of providing an effective causal effect evaluation, even

when all SNPs are ineffective. We considered the consistent

direction of the results from these three methods to indicate a

relatively stable causal association. We used a forest plot to visualize

the causal effect values of each IV and of the overall exposure on the

outcome effect size.

We used the Cochran’s Q test to evaluate heterogeneity; P <0.05

indicated the presence of heterogeneity, and the IVW random-

effects model was applied (32). Conversely, P >0.05 indicated no

heterogeneity, and the IVW fixed-effects model was used. Funnel

plots were used to visualize the results.

We used the MR-Egger regression intercept to conduct

pleiotropy testing, ensuring that the selected IVs did not affect the

outcomes through confounding factors (33). P >0.05 for the

intercept indicated the absence of horizontal pleiotropy, while

P<0.05 indicated that the causal relationship between the

exposure and outcome did not hold. The MR pleiotropy residual

sum and outlier (MR-PRESSO) test was used to detect outliers and

correct the pleiotropy. Outliers were removed, and the remaining

gene IVs were reanalyzed (34). We conducted a leave-one-out
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analysis of each SNP by gradually removing IVs to observe their

direct impact on the results. We also used a function to graphically

visualize the results.

Univariate MR was used to evaluate the “total effect” of

sarcopenia-related traits on the causal relationship of rotator cuff

tears. Then, the MVMR evaluated the “direct effect” of each trait on

rotator cuff tears. P<0.05 indicated a statistically significant

difference (20).
3 Results

3.1 IVs

Based on the selection criteria for IVs, we selected 690 SNPs

with genome-wide significance as IVs for ALM, 16 for low hand

grip strength, and 57 for usual walking pace. After removing

palindromic sequences in the MR analysis, 536 SNPs were finally

included for ALM, 14 for low hand grip strength, and 50 for usual

walking pace. All F-values of the instrumental variables for the

evaluation indicators of sarcopenia were >10, indicating that all

three sets of IVs were strong indicators. The results are shown in

Supplementary Tables 1-3.
3.2 MR analysis

MR analysis based on the IVW method showed that genetically

determined sarcopenia-related traits were causally associated with

rotator cuff tears, as demonstrated in Figure 2. Scatter plots

(Figure 3) were used to visualize the causal effect. ALM and usual

walking pace were significantly associated with rotator cuff tears

(odds ratio (OR) = 0.895, 95% confidence interval (CI), 0.758-0.966,

P<0.001 and OR = 0.458, 95% CI, 0.276-0.762, P = 0.003,

respectively), while there was no evidence to support a

relationship between low hand grip strength and rotator cuff tears

(OR = 1.132, 95% CI, 0.913-1.404, P = 0.26).

In the analysis of WME and MR-Egger, the beta value of

sarcopenia muscle traits and rotator cuff tear was consistent with

the IVW results. Moreover, the MR-Egger intercept term test of

each trait was P>0.05, there was no horizontal pleiotropy, and the

results were reliable (Supplementary Table 4).

Cochran’s Q heterogeneity test showed the presence of

heterogeneity among the sarcopenia-related traits, which may be

influenced by differences in the sample population or sequencing

methods. Nevertheless, the results of the random-effects IVW

method were reliable. The funnel plot exhibits a symmetric

distribution (Supplementary Figure 1). Using the MR-PRESSO

method, we found one outlier for ALM and low hand grip

strength and two outliers for usual walking pace. After removing

potential outliers, the random-effects IVW method remained stable

(Supplementary Table 4).

The leave-one-out method was used to explore whether each

SNP had a significant impact on the final result. Removing each

SNP demonstrated that SNPs that did not introduce excessive bias

to the results (Supplementary Figure 2).
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In the MVMR analysis, genetic predictions of skeletal muscle

mass and gait speed were found to have a causal effect on rotator

cuff tears after excluding the influence of other exposure factors

(OR = 0.918, 95% CI, 0.851-0.990, P = 0.03 and OR = 0.476, 95%

CI, 0.304-0.746, P = 0.001, respectively) (Figure 2). However, the

direct causal effect of the adjusted ALM on rotator cuff tears was

reduced. Moreover, horizontal pleiotropy was not found in the

multivariate analysis results (P = 0.10), which was consistent with

the univariate analysis results (Table 2).
4 Discussion

Research on the genetic causal association between sarcopenia

and rotator cuff tears is lacking. In this study, we used MR analysis

to analyze GWAS data, including single and joint effects, and found

a causal relationship between sarcopenia and rotator cuff tears. The

results showed that ALM and usual walking pace had a negative

linear correlation with rotator cuff tears, which were protective

factors for the latter. However, no evidence supported a genetic

causal relationship between muscle strength and rotator cuff tears.

As a newly recognized muscle disease, sarcopenia was proposed

in 2010. Initially, only skeletal muscle mass was used as the sole

diagnostic criterion due to the lack of specific manifestations. With
Frontiers in Endocrinology 05
further clinical exploration, research on the correlation between

sarcopenia and other musculoskeletal diseases has become more

comprehensive. Han et al. (35) discovered that patients with

sarcopenia exhibited a higher prevalence of shoulder pain,

mucoid degeneration, and disordered muscle bundles in the

supraspinatus tendon through musculoskeletal ultrasound

comparison. Histopathological examination demonstrated varying

degrees of fat infiltration and loss of muscle fibers, resulting in

secondary strength loss and limb dysfunction (36). Chung et al. (37)

compared the prevalence of sarcopenia between patients with

rotator cuff injury and healthy individuals; they found that those

with injuries had a higher likelihood of low muscle mass and

strength which correlated with tendon tear size. The present

study’s findings align with those results, suggesting a causal

association between sarcopenia and rotator cuff tears where low

muscle mass or physical function increases susceptibility to such

injuries. Surprisingly though, this study did not establish a causal

relationship between low grip strength and rotator cuff injuries. A

prospective study examining grip strength before and after rotator

cuff repair reached similar conclusions (38). Their founding

indicated that grip strength was not related to shoulder dysfunction.

As key regulators of muscle homeostasis, fibro-adipogenic

progenitors (FAPs) are widely distributed in skeletal muscle and

tendinous tissues with bipotency (39). They play a crucial role in
FIGURE 3

Scatter plots of univariate MR analysis. The horizontal coordinate is the effect of SNP on exposure, and the vertical coordinate is the effect of SNP on
outcome. The horizontal and vertical lines on the dots are the confidence intervals of SNP for exposure effect and SNP for outcome effect,
respectively. The colored lines correspond to the output of the MR analytical methods. (A) The causal association appendicular lean mass on rotator
cuff tears. (B) The causal association of low hand grip strength on rotator cuff tears. (C) The causal association of usual walking pace on rotator
cuff tears.
FIGURE 2

Forest plot of MR analysis estimates for the association between sarcopenia-related muscle traits and rotator cuff tears. OR, odds ratio; 95%CI, 95%
confidence interval; IVW, inverse variance weighted random; RCTs, rotator cuff tears.
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promoting the proliferation and differentiation of satellite cells,

which are specific muscle stem cells, thereby enhancing skeletal

muscle regeneration capacity and compensating for muscle fiber

atrophy and functional decline (40). Additionally, FAPs exhibit

inherent adipogenic and fibrogenic potential, leading to

pathological aggregation. The expression of fibrogenic/adipogenic

markers in FAPs was significantly elevated in the massive rotator

cuff tear group, indicating an irreversible trend. Low muscle mass

serves as the initial factor contributing to sarcopenia, characterized

by varying degrees of fat infiltration and loss of type II muscle fibers

(41). Studies have confirmed that mitochondrial dysfunction and

immune response can induce skeletal muscle mass loss and disrupt

muscular homeostasis. Mitochondria function as cellular energy

communicators, regulating intracellular calcium concentration and

cell proliferation, thereby playing a crucial role in muscle health,

function, and homeostasis (42). In chronic muscle injury diseases,

mitochondria can activate nuclear factor kappa B to trigger the

NLRP3 inflammasome, which leads to the expression of tumor

necrosis factor-a, interleukin (IL)-1b, and other inflammatory

factors. This process enhances both local and systemic

inflammatory responses and immune reactions while promoting

ectopic fat accumulation (43). Consequently, it results in a decline

in muscle function. IL-1b induces fibroblast activation along with

the extracellular matrix of tendinous tissue. This chronic

inflammatory response causes structural changes and

disarrangement in tendons. Moreover, IL-1b interferes with the

proliferation and adipogenic differentiation of FAPs (44). In

addition to the effects of inflammatory factors on myofibers,

mechanical stimulation also influences the number of FAPs.

Exercise training has been shown to reduce muscle fiber loss (45).

Sarcopenia and rotator cuff tears are prevalent conditions

among the elderly population. By investigating the causal

association between sarcopenia and rotator cuff tears, have shown

that sarcopenia-related muscle characteristics increasing the risk of

rotator cuff tears. This study emphasizes the public health

significance of restoring skeletal muscle mass and physical

function in the prevention and acceleration of rehabilitation after

rotator cuff tears. The functional repair of tendon and tendon-bone

interface healing poses significant challenges in the treatment of

rotator cuff tears. Although surgical or nonsurgical treatments (such

as physical therapy and local or systemic pharmacotherapy) can
Frontiers in Endocrinology 06
restore normal anatomy and alleviate symptoms (46), 20%-25% of

patients still experience tendon nonunion or progressive muscle

atrophy, which significantly impacts their quality of life (47).

Currently, there are numerous drug studies on sarcopenia;

however, direct evidence supporting clinical efficacy and safety is

lacking (48, 49). The primary treatment involves nutritional

support combined with exercise intervention. For instance, elderly

patients treated with whey protein supplements along with leucine

and vitamin D have shown improvements in physical function (50).

In addition to nutritional support, moderate intensity resistance

exercise has been found to effectively enhance body composition

and physical function (51). Relevant studies have also demonstrated

that progressive resistance exercise or trunk block chain training for

patients with rotator cuff tears can better alleviate pain caused by

non-traumatic rotator cuff tears while influencing clinical outcomes

positively (52, 53). However, no systematic study has reported on

the effect of nutritional support on rotator cuff tears.

To our knowledge, this is the first MR study to investigate the

association between sarcopenia and the risk of rotator cuff tears.

Compared with the traditional observational studies, it has the

advantages of reducing the risk of residual confounding and

artificial bias. Our study highlights the predictive role of

sarcopenia in the risk of rotator cuff tears and provides further

insights and research directions to improve clinical recovery rates

and optimize clinical disease management for rotator cuff tears. In

addition, through sensitivity analysis and causal estimation, this

study eliminated the biological effects of related risk factors such as

lifestyle, age, and comorbidities on rotator cuff tears, verifying the

robustness of the results. In the future, further exploration of the

pathophysiological mechanisms involving bone, tendon-bone

interface, and muscle tissue associated with sarcopenia and

rotator cuff tears can be conducted, along with exploring

therapeutic strategies for rotator cuff tears at a cellular or

molecular level from the perspective of restoring skeletal muscle

homeostasis. Additionally, increasing research on the combined

intervention effects of exercise and nutritional support on outcomes

of rotator cuff tear is warranted.

However, this study had some limitations. First, despite

employing multiple analyses to ensure the robustness of the

results, there may still exist unknown or unmeasured

environmental and biological factors associated with sarcopenia
TABLE 2 Causal effects of sarcopenia-related traits on rotator cuff tears using MVMR#.

Exposure nSNP|| MVMR Methods beta se** P value OR†(95%CI)† † MR Egger p-intercept

ALM*
497 MVMR IVW## -0.085 0.038 0.03 0.92 (0.85-0.99)

497 MVMR MR-Egger -0.177 0.068 0.01 0.84 (0.73-0.96) 0.104

Low hand grip strength
497 MVMR IVW## -0.029 0.056 0.61 0.97 (0.87-1.08)

497 MVMR MR-Egger -0.037 0.057 0.51 0.96 (0.86-1.08) 0.104

Usual walking pace
497 MVMR IVW## -0.743 0.229 0.001 0.48 (0.3-0.75)

497 MVMR MR-Egger -0.805 0.232 0.001 0.45 (0.28-0.7) 0.104
#MVMR, Multivariate Mendelian randomization; || SNP, single nucleotide polymorphisms; **SE, standard error; †OR, odds ratio; † †95%CI, 95% confidence interval; *ALM, Appendicular lean
mass; ##IVW, inverse-variance weighted random.
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or rotator cuff tears that could introduce confounding bias, such as

exercise habits, external trauma factors and occupational exposure.

Second, due to the utilization of the public gene datasets with the

lack of sex- or age-stratified in this study, thereby failing to account

for sex or age differences in the causal association between exposure

and outcome. Nevertheless, as more GWAS studies are conducted

with larger sample sizes, it becomes feasible to perform subgroup

analyses based on age or sex. Third, The data of all associated

exposure SNPs in the resulting GWAS were exclusively collected

from European populations, thereby limiting their applicability in

explaining the causal association of disease in Asian or other ethnic

populations. Consequently, the causal association between

sarcopenia and rotator cuff injury remains unknown in these

non-European populations. Furthermore, selection bias may

occur if those with a higher genetic liability to rotator cuff tears

and a specific trait (e.g., higher upper extremity movements or the

porter of physical activity) are more likely to participate in the

study. This could induce an association between genetic liability for

rotator cuff tears and the traits in our study. Finally, MR estimates

lifelong rather than acute effects. Compared to short-term exposure,

lifelong exposure usually has a greater impact on outcomes. This is

because most exposures have a cumulative effect on the outcome

over time; therefore, they cannot be extrapolated to study potential

therapeutic effects in clinical settings. Our understanding of this

topic remains limited, particularly regarding the age-related

differences in disease development.
5 Conclusion

This MR study provides evidence of a genetic causal

relationship between sarcopenia and rotator cuff tears. The

evidence supports a negative correlation between ALM, usual

walking pace, and the occurrence of rotator cuff tears. This

confirms that sarcopenia-related muscle characteristics, including

low skeletal muscle mass and physical function, may increase the

risk of rotator cuff tears. However, no association was found

between genetically predicted low hand grip strength and rotator

cuff tears.
Data availability statement

The datasets presented in this study can be found in online

repositories. The names of the repository/repositories and accession

number(s) can be found below: https://gwas.mrcieu.ac.uk/datasets/

ebi-a-GCST90000025/, ebi-a-GSCT90000025 https://ftp.ebi.ac.uk/

pub/databases/gwas/summary_statistics/GCST90007001-

GCST90008000/GCST90007526/, ebi-a-GCST90007526 https://gwas.

mrcieu.ac.uk/datasets/ukb-4711/, Ukb-b-4711; https://r10.finngen.fi/

pheno/M13_ROTATORCUFF, finn-b-M13_ROTATORCUFF.
Frontiers in Endocrinology 07
Author contributions

DY: Writing – original draft, Funding acquisition, Formal

Analysis, Conceptualization. ZL: Writing – original draft,

Supervision, Resources, Methodology, Funding acquisition. ZJ:

Writing – original draft, Software, Methodology, Formal Analysis,

Data curation, Conceptualization. XM: Writing – original draft,

Visualization, Validation, Software. DZ: Writing – review &

editing, Supervision. QW: Writing – review & editing,

Project administration.
Funding

The author(s) declare that financial support was received for the

research, authorship, and/or publication of this article. This work

was financially supported by the Scientific Research Project of

Health System in Pingshan District of Shenzhen (202103) and the

foundation of School Management Project of Fujian University of

Traditional Chinese Medicine (XB2023222).
Acknowledgments

We want to acknowledge the participants and investigators of

the FinnGen study and we would like to acknowledge all the study

and databases that made GWAS summary data available.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fendo.2024.

1436203/full#supplementary-material
frontiersin.org

https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST90000025/
https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST90000025/
https://ftp.ebi.ac.uk/pub/databases/gwas/summary_statistics/GCST90007001-GCST90008000/GCST90007526/
https://ftp.ebi.ac.uk/pub/databases/gwas/summary_statistics/GCST90007001-GCST90008000/GCST90007526/
https://ftp.ebi.ac.uk/pub/databases/gwas/summary_statistics/GCST90007001-GCST90008000/GCST90007526/
https://gwas.mrcieu.ac.uk/datasets/ukb-4711/
https://gwas.mrcieu.ac.uk/datasets/ukb-4711/
https://r10.finngen.fi/pheno/M13_ROTATORCUFF
https://r10.finngen.fi/pheno/M13_ROTATORCUFF
https://www.frontiersin.org/articles/10.3389/fendo.2024.1436203/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2024.1436203/full#supplementary-material
https://doi.org/10.3389/fendo.2024.1436203
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Yang et al. 10.3389/fendo.2024.1436203
References
1. Patel S, Gualtieri AP, Lu HH, Levine WN. Advances in biologic augmentation for
rotator cuff repair. Ann N Y Acad Sci. (2016) 1383:97–114. doi: 10.1111/nyas.13267

2. Jeong JJ, Park SE, Ji JH, Lee HH, Jung SH, Choi BS. Trans-tendon suture bridge
rotator cuff repair with tenotomized pathologic biceps tendon augmentation in high-
grade PASTA lesions. Arch Orthop Trauma Surg. (2020) 140:67–76. doi: 10.1007/
s00402-019-03285-6

3. American Academy of Orthopedic Surgeons. Management of rotator cuff injuries
clinical practice guideline [A/OL] (2019). Available online at: https://www.aaos.org/
rotatorcuffinjuriescpg.

4. Viswanath A, Monga P. Trends in rotator cuff surgery: Research through the
decades. J Clin Orthop Trauma. (2021) 19:105–13. doi: 10.1016/j.jcot.2021.04.011

5. Zhao J, Pan J, Zeng LF, Wu M, Yang W, Liu J. Risk factors for full-thickness
rotator cuff tears: a systematic review and meta-analysis. EFORT Open Rev. (2021)
6:1087–96. doi: 10.1302/2058-5241.6.210027

6. Melis B, DeFranco MJ, Chuinard C, Walch G. Natural history of fatty infiltration
and atrophy of the supraspinatus muscle in rotator cuff tears. Clin Orthop Relat Res.
(2010) 468:1498–505. doi: 10.1007/s11999-009-1207-x

7. Inouye SK, Studenski S, Tinetti ME, Kuchel GA. Geriatric syndromes: clinical,
research, and policy implications of a core geriatric concept. J Am Geriatr Soc. (2007) 55
(5):780–91. doi: 10.1111/j.1532-5415.2007.01156.x

8. Petermann-Rocha F, Balntzi V, Gray SR, Lara J, Ho FK, Pell JP, et al. Global
prevalence of sarcopenia and severe sarcopenia: a systematic review and meta-analysis.
J Cachexia Sarcopenia Muscle. (2022) 13(1):86–99. doi: 10.1002/jcsm.12783

9. Cui H, Wang Z, Wu J, Liu Y, Zheng J, Xiao W, et al. Chinese expert consensus on
prevention and intervention for elderly with sarcopenia. Ageing Med. (2023) 6(2):104–
15. doi: 10.1002/agm2.12245

10. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, Cederholm T, et al.
Writing Group for the European Working Group on Sarcopenia in Older People 2
(EWGSOP2), and the Extended Group for EWGSOP2. Sarcopenia: revised European
consensus on definition and diagnosis. Age Ageing. (2019) 48(4):16–31. doi: 10.1093/
ageing/afy169

11. Anker SD, Morley JE, von Haehling S. Welcome to the ICD-10 code for
sarcopenia. J Cachexia Sarcopenia Muscle. (2016) 7:512–4. doi: 10.1002/jcsm.12147

12. Atala NA, Bongiovanni SL, Galich AM, Bruchmann MG, Rossi LA, Tanoira I,
et al. Is sarcopenia a risk factor for rotator cuff tears? J Shoulder Elbow Surg. (2021) 30
(8):1851–5. doi: 10.1016/j.jse.2020.10.001

13. Kara M, Kara Ö, Durmus ̧ ME, Analay P, Şener FE, Çıtır BN, et al. The
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