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Background

Previous studies have shown that dyslipidemia is significantly associated with primary frozen shoulder and may be a risk factor for the development of primary frozen shoulder. However, these findings may be biased by a number of confounding factors. We investigated the association between serum lipids and primary frozen shoulder by retrospective analysis and two-sample Mendelian randomization (MR) methods.





Methods

This retrospective observational study included 284 patients with primary frozen shoulder diagnosed from October 2020 to October 2023 at four centers as the experimental group. Patients with diabetes and thyroid dysfunction were excluded. The control group consisted of age- and sex-matched people who underwent a health checkup. We compared total cholesterol (TC), triglycerides (TG), high-density lipoprotein (HDL), and low-density lipoprotein (LDL) between the two groups. Genetic variants for the serum lipids and frozen shoulder were then extracted from large-scale genome-wide association studies. Causal effects were assessed using Inverse variance weighting (IVW), Weighted median, MR-Egger, simple and weighted models in MR analysis.





Results

The analysis showed that after excluding patients with diabetes and thyroid dysfunction, the serum lipids (TC, TG, HDL, and LDL) in the primary frozen shoulder group were no different from those of normal individuals. None of the MR methods found significant causal evidence between them.





Conclusions

Dyslipidemia in patients with primary frozen shoulder may be influenced by confounding factors such as diabetes and thyroid dysfunction. These findings deepen our understanding of primary frozen shoulder risk factors.
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1 Introduction

For Primary frozen shoulder, also known as “adhesive capsulitis of the shoulder”, is a common shoulder disorder characterized by spontaneous pain and limited shoulder motion (1). The major risk factors for primary frozen shoulder that have been reported include age, female gender, diabetes mellitus, and thyroid diseases (2–4). Because the mechanisms of primary frozen shoulder development are unknown, identifying possible risk factors is particularly important for the diagnosis and clinical management of primary frozen shoulder.

Bunker’s study (5) provided the first indication that dyslipidemia may be a risk factor for the pathogenesis of frozen shoulder. This was based on the finding that the pathologic manifestations of frozen shoulder are very similar to Dupuytren’s disease, which is known to be associated with hyperlipidemia. Subsequently Bunker et al. (6) further found that fasting serum triglyceride (TG) and cholesterol levels were significantly higher in patients with frozen shoulder than in healthy controls. However, the significance of this study is limited by the fact that the effects of confounding factors (such as diabetes mellitus and thyroid dysfunction) were not considered. Dyslipidemia is frequent in patients with diabetes mellitus and thyroid disease, and it is not possible to identify dyslipidemia as an independent risk factor for primary frozen shoulder (7, 8). With this in mind, Sung et al. (9) conducted a case-control study after excluding patients with diabetes mellitus and thyroid dysfunction. Although the results had significance in continuous and categorical values, the actual differences between the two study groups of these serum lipid levels were small. The relationship between primary frozen shoulder and dyslipidemia remains ambiguous, therefore strong evidence of a correlation is needed. And to the best of our knowledge, there has not been a study exploring the causal relationship between primary frozen shoulder and dyslipidemia.

In this study, we performed a multicenter retrospective analysis to assess the correlation between total cholesterol (TC), high-density lipoprotein (HDL), low-density lipoprotein (LDL), TG, and primary frozen shoulder. The patients with already diagnosed diabetes mellitus and thyroid dysfunction were excluded. We then used two-sample Mendelian randomization (MR) to assess the causal relationship between primary frozen shoulder and dyslipidemia. This method avoids interference from reverse causal associations and potential confounders encountered in conventional randomized controlled trials by using the random distribution of genetic variation and simulating the randomization process of a randomized controlled experiment (10).




2 Materials and methods



2.1 Clinical study design

This retrospective observational study included patients with primary frozen shoulder diagnosed from October 2020 to October 2023 at four centers as the experimental group. The control group consisted of age- and sex-matched people who underwent a health checkup. The inclusion criteria were as follows:(a) Patients in the experimental group met the diagnostic criteria for primary frozen shoulder (11), including painful freezing phase, adhesive phase, and resolution phase; (b) The control population showed normal shoulder motion and no shoulder symptoms. The exclusion criteria were as follows: (a) Patients diagnosed with type 1 diabetes (12) and type 2 diabetes (13); (b) Patients diagnosed with hyperthyroidism (14) and hypothyroidism (15); (c) Patients with previous shoulder surgery or trauma.

The clinical data of all enrolled patients were collected, including gender, age, TC, TG, HDL, and LDL. The study was conducted under the Declaration of Helsinki and was approved by the ethics committees of each participating center. As the study was retrospective, the requirement for informed consent was waived.




2.2 Mendelian randomization study design

In this study, causal association analysis with outcome variables was performed by selecting Single nucleotide polymorphisms (SNPs) loci significantly associated with exposure factors as instrumental variables (IVs) and using the two-sample MR method. MR analysis needs to satisfy the following three core hypotheses: ① There was a strong correlation between IVs and exposure factors; ② IVs and any confounders associated with exposure-outcome were not relevant; ③ IVs affect outcomes only through exposure factors (16).




2.3 Sources of GWAS summary statistics

Summary-level GWAS data for hypothyroidism (17), hyperthyroidism (17), type 1 diabetes (18), type 2 diabetes (17), lipid traits (HDL, LDL, and TG) (19), and primary frozen shoulder (20) were sourced from published genome-wide association studies. All GWAS datasets utilized in this study were obtained from FinnGen and the UK Biobank and are publicly accessible via the IEU Open GWAS database summary website (https://gwas.mrcieu.ac.uk/). Summary information on the datasets used in this study is presented in Table 1. In addition, sex-stratified summary statistics for lipid traits and primary frozen shoulder were obtained from the UK Biobank (https://www.nealelab.is/uk-biobank) to analyze sex-specific genetic effects.


Table 1 | Details of GWAS datasets used in the study.






2.4 Selection of instrumental variables

SNPs in exposure factors were screened by setting a genome-wide significance threshold (P < 5. 0 × 10− 8). Second, independent SNPs without linkage disequilibrium (LD) were used as IVs according to the PLINK clumping algorithm (LD cut-off of r²< 0.001 within a 10 000-kilobase clumping window). The F statistic (F = beta2/se2) was used to assess the strength of genetic tools for all SNPs. We selected strong IVs with F-statistics above 10 for subsequent analysis. However, due to the large number of SNPs associated with lipid traits, we raised the F-statistic threshold to 100 to further optimize the quality of the instrumental variables and ensure the precision and robustness of the causal effect estimates. Additionally, SNPs associated with confounding factors (diabetes mellitus and thyroid dysfunction) were excluded when analyzing the causal associations between lipid traits and primary frozen shoulder.




2.5 Mendelian randomization analysis

In this study, inverse variance weighting (IVW) (21) was used as the primary method of analysis, with MR Egger (22), weighted median (23), simple mode, and weighted mode (24) as secondary methods of analysis.

Individual differences between IVs were tested using IVW and MR-Egger methods, and Cochran’s Q statistic and p-value were used to determine the presence of heterogeneity. To determine the possibility of horizontal pleiotropy, the MR-Egger intercept method calculates the intercept term from linear regression analysis. The study’s overall pleiotropy and horizontal pleiotropic outliers were evaluated using the MR pleiotropy residual sum and outlier (MR-PRESSO) test (25).




2.6 Statistical analysis

Statistical analysis was performed using SPSS 26.0 software. Continuous variables that satisfy normal distribution are expressed as mean ± standard deviation, and comparisons between groups are made using the independent samples t-test. Categorical variables were expressed as percentages, and comparisons between groups were made using the Chi-square test. The “TwoSampleMR” and “MR-PRESSO” packages in R (version 4.3.0) were used for MR analysis between exposures and results. The R script used in this analysis is provided in the Supplementary Table 1. The results are expressed as odds ratio (OR) and 95% confidence interval (CI) for each standard deviation. P < 0.05 was considered as statistical significance.





3 Results



3.1 No difference in serum lipids between primary frozen shoulder patients and normal subjects

The analysis showed that after excluding patients with diabetes mellitus and thyroid dysfunction, the serum lipids (TC, TG, HDL, and LDL) in the primary frozen shoulder group were no different from those of normal individuals (Table 2).


Table 2 | Serum lipids levels in the study and control groups.






3.2 Effect of diabetes mellitus and thyroid dysfunction on primary frozen shoulder

We first evaluated the causal relationships between hypothyroidism, hyperthyroidism, type 1 diabetes mellitus, and type 2 diabetes mellitus with primary frozen shoulder by MR analysis. For subsequent analysis, 63 SNPs associated with hypothyroidism, 9 SNPs associated with hyperthyroidism, 76 SNPs associated with type 1 diabetes mellitus, and 170 SNPs associated with type 2 diabetes mellitus were identified (Supplementary Tables 2-5). The results revealed that the development of primary frozen shoulder was positively associated with hypothyroidism (OR = 1.055, 95% CI, 1.011−1.101, P = 0.015), hyperthyroidism (OR = 1.083, 95% CI, 1.030−1.138, P = 0.002), type 1 diabetes mellitus (OR = 1.028, 95% CI, 1.012−1.044, P < 0.001), and type 2 diabetes mellitus (OR = 1.042, 95% CI, 1.002−1.085, P = 0.042) (Figure 1). These findings provide additional evidence that hypothyroidism, hyperthyroidism, type 1 diabetes mellitus, and type 2 diabetes mellitus are independent risk factors for the development of primary frozen shoulder.




Figure 1 | The causal effects of diabetes mellitus and thyroid dysfunction on primary frozen shoulder using two-sample Mendelian randomization methods. SNPs, single nucleotide polymorphisms; OR, odds ratios; CI, confidence interval.






3.3 Effect of serum lipids on primary frozen shoulder

We first evaluated whether serum lipids have a causal effect on the onset of frozen shoulder without excluding potential confounders. The results indicated a positive association between LDL and the onset of primary frozen shoulder, while HDL and TG were negatively associated with its development (Supplementary Figure 1). However, significant heterogeneity and pleiotropy were observed in this analysis, which violates the core assumptions of MR analysis and indicates the influence of confounding factors (Supplementary Figure 1). In subsequent MR analyses of serum lipids and primary frozen shoulder, SNPs associated with these confounding factors will be excluded.

A total of 151 SNPs (HDL 58, LDL 43, and TG 50) were identified for use in MR analysis by screening the acquired SNPs according to our study design criteria (Supplementary Tables 6-8). The main MR analysis results were as follows: HDL (OR = 1.007, 95% CI, 0.931−1.090, P = 0.857); LDL (OR = 1.000, 95% CI, 0.911−1.098, P = 0.998); TG (OR = 0.963, 95% CI, 0.876−1.057, P = 0.426) (Figure 2). No correlation was found between serum lipids and the risk of developing primary frozen shoulder by any of the MR analysis methods in this study.




Figure 2 | The causal effects of serum lipids on primary frozen shoulder using two-sample Mendelian randomization methods. SNPs, single nucleotide polymorphisms; OR, odds ratios; CI, confidence interval; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglycerides.



Given that gender is an independent risk factor for primary frozen shoulder, we also evaluated the causal relationship between serum lipids and the gender-stratified onset of primary frozen shoulder. Specifically, we identified 60 SNPs (HDL-primary frozen shoulder in females), 60 SNPs (HDL-primary frozen shoulder in males), 42 SNPs (LDL-primary frozen shoulder in females), 43 SNPs (LDL-primary frozen shoulder in males), 51 SNPs (TG-primary frozen shoulder in females), and 51 SNPs (TG-primary frozen shoulder in males) as IVs (Supplementary Tables 9-14). However, none of the MR analysis methods revealed a causal association between serum lipids and the gender-specific onset of primary frozen shoulder (Figure 3).




Figure 3 | The causal effects of serum lipids on gender-stratified primary frozen shoulder using two-sample Mendelian randomization methods. SNPs, single nucleotide polymorphisms; OR, odds ratios; CI, confidence interval; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglycerides.






3.4 Effect of primary frozen shoulder on serum lipids

We then explored whether the primary frozen shoulder contributes to abnormal serum lipid levels. We adjusted the threshold to P < 5. 0 × 10− 6 screening to obtain primary frozen shoulder -associated SNPs. Based on the design criteria, 21 SNPs (primary frozen shoulder-HDL), 23 SNPs (primary frozen shoulder-LDL), and 21 SNPs (primary frozen shoulder-TG) were finally obtained as IVs for MR analysis of the effect of primary frozen shoulder on serum lipids (Supplementary Tables 15-17). The results of the IVW method of primary frozen shoulder on serum lipids were analyzed as follows: primary frozen shoulder on HDL (OR = 0.997, 95% CI, 0.983−1.012, P = 0.711); primary frozen shoulder on LDL (OR = 0.991, 95% CI, 0.978−1.003, P = 0.134); primary frozen shoulder on TG (OR = 0.999, 95% CI, 0.986−1.013, P = 0.942) (Figure 4). All results did not find any effect of the primary frozen shoulder on serum lipids.




Figure 4 | The causal effects of primary frozen shoulder on serum lipids using two-sample Mendelian randomization methods. SNPs, single nucleotide polymorphisms; OR, odds ratios; CI, confidence interval; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglycerides.



The causal association between primary frozen shoulder and sex-stratified abnormal serum lipid levels was then analyzed in a similar manner. The IVs used for MR analysis consisted of 25 SNPs (primary frozen shoulder-HDL in females), 25 SNPs (primary frozen shoulder-HDL in males), 27 SNPs (primary frozen shoulder-LDL in females), 27 SNPs (primary frozen shoulder-LDL in males), 25 SNPs (primary frozen shoulder-TG in females), and 25 SNPs (primary frozen shoulder-TG in males) (Supplementary Tables 18-23). Consistent with these findings, no evidence was found to support a causal association between primary frozen shoulder and sex-specific changes in serum lipid levels (Figure 5).




Figure 5 | The causal effects of primary frozen shoulder on gender-stratified serum lipids using two-sample Mendelian randomization methods. SNPs, single nucleotide polymorphisms; OR, odds ratios; CI, confidence interval; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglycerides.






3.5 Assessment of IVs validity and robustness in MR analysis

The Cochran Q test showed no intergenic heterogeneity among the IVs used for MR analysis in this study (Table 3). Moreover, neither the MR-Egger intercept test nor the MR-PRESSO global test showed signs of multidimensionality (Table 4). The funnel plot shows that the dispersion of causal association effects is largely symmetric and the results are not potentially biased (Supplementary Figure 2). In addition, “leave-one-out” sensitivity analyses showed that after eliminating each SNP in turn, the results of IVW analyses for the remaining SNPs were similar to the analyses that included all SNPs (Supplementary Figure 3).


Table 3 | Heterogeneity test.




Table 4 | Pleiotropy test.







4 Discussion

Previous clinical studies have shown that dyslipidemia and primary frozen shoulder are closely related, and may be a risk factor for the development of primary frozen shoulder (9). In the present study, we obtained different results for the first time. After excluding patients with diabetes mellitus and thyroid dysfunction, there was no difference in serum lipid levels between the primary frozen shoulder group and the normal control group. In addition, the results of MR analyses also indicated that there was no causal relationship between dyslipidemia and primary frozen shoulder.

An analysis of data based on the National Health Insurance Research Database of Taiwan found that patients with hyperlipidemia had a 1.5-fold higher risk of adhesive capsulitis than did healthy controls (26). Several potential mechanisms may explain how blood lipids could influence primary frozen shoulder. In individuals with dyslipidemia, inflammatory factors such as interleukins and tumor necrosis factor-alpha are often elevated, which may promote the development of primary frozen shoulder through inflammatory pathways (27, 28). Additionally, alterations in lipid metabolism could affect the function of synovial tissue in the shoulder joint. Lipids influence the integrity of cell membranes and signaling pathways, including those associated with peroxisome proliferator-activated receptors and the NF-kB pathway, both of which play crucial roles in inflammation and fibrosis (29). Of note, the study also found that the use of statins did not prevent frozen shoulder in patients with hyperlipidemia (26). This result is thought-provoking. Diabetes mellitus and thyroid dysfunction are independent risk factors for the development of primary frozen shoulder (4). And dyslipidemia is an important component of diabetic metabolic syndrome and thyroid dysfunction (7, 8). We therefore hypothesized that serum lipid levels in patients with primary frozen shoulder may be affected by diabetes mellitus and thyroid dysfunction. This was confirmed in the multicenter retrospective analysis conducted in this study.

In addition, although some single-center, small-sample studies have demonstrated a relationship between dyslipidemia and frozen shoulder. However, no study has been able to confirm whether dyslipidemia is a cause, an associated cofactor, or a consequence of primary frozen shoulder. In this study, the causal genetic link between frozen shoulder and serum lipids was examined using a two-sample MR approach based on a sizable GWAS database. To the best of our knowledge, this is the first study to use MR methods to assess the causal relationship between serum lipids and frozen shoulder. Unfortunately, the results of the MR analysis did not reveal a direct link between frozen shoulder and serum lipids.

The above evidence indicates that diabetes mellitus and thyroid dysfunction interfere with the relationship between dyslipidemia and the risk of developing primary frozen shoulder to the extent that the association is overestimated. This further explains why the use of statins does not protect hyperlipidemic patients from primary frozen shoulder. Although serum lipids improve with statins, diabetes mellitus and thyroid dysfunction may persist. This observation emphasizes the need for a more nuanced understanding of risk factors for primary frozen shoulder in clinical practice. For instance, clinicians should focus on managing systemic conditions like diabetes and thyroid dysfunction, which may indirectly influence the development of frozen shoulder. This shift in focus could lead to more targeted and effective preventive strategies, reducing unnecessary interventions aimed solely at lipid management in such patients. At the same time, we believe that there may be other potential factors contributing to the relationship between lipids and primary frozen shoulder that we have not yet focused on or observed. Larger genetic and intervention studies are needed to further investigate the pathophysiology of serum lipids and primary frozen shoulder.

The greatest strength of our study was the combination of retrospective and MR analyses, which reduced the effects of reverse causality and confounding factors. Secondly, we performed a gender-stratified MR analysis to identify gender-specific causal associations. Finally, we used multiple MR analysis methods, which increased the credibility and authenticity of our findings. In clinical settings, similar MR analyses could be applied to identify and validate causal risk factors for other musculoskeletal or metabolic disorders. This evidence-based approach could guide the development of precision medicine strategies, ensuring that interventions are directed at modifiable risk factors with proven causal links to disease outcomes.

Inevitably, the current study has some limitations. First, we may not be able to exclude all confounders and eliminate biased estimates of causal inference. Confounding factors such as subclinical disease states, different stages of disease progression, diet, and lifestyle may influence the relationship between serum lipids and primary frozen shoulder. Second, the GWAS dataset we use is primarily from European-origin populations. The population included in previous clinical studies and our retrospective analysis consisted of Asian individuals. The emergence of specific traits varies across racial and ethnic groups due to their different living environments and genetic backgrounds. This therefore limits the application of our findings to other populations of different races. Finally, the sample size included in this study was too small because serum lipids are not a routine examination for patients with primary frozen shoulder.




5 Conclusion

In conclusion, retrospective observational studies and MR analyses did not reveal correlations and causal genetic relationships between serum lipids and primary frozen shoulder. These findings deepen our understanding of risk factors for primary frozen shoulder. Further studies on the pathophysiologic relationship between serum lipids and primary frozen shoulder are warranted.
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