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Risk factors and predictive models 
for frozen shoulder
Guanjun Sun 1*, Qingshan Li 1, Yi Yin 1, Weili Fu 2, Ke He 1 & Xu Pen 1

This study aims to explore the risk factors associated with frozen shoulder (FS) and develop a 
predictive model for diagnosing FS, in order to facilitate early detection of the condition. A total 
of 103 patients diagnosed with FS and admitted to the Department of Joint Surgery at Suining 
Central Hospital between October 2021 and October 2023 were consecutively included in the study. 
Additionally, 309 individuals without shoulder joint diseases, matched for age and gender, who 
visited the department during the same time, were included as the control group.The complete 
recording of clinical data for all patients was followed by the utilization of statistical tests such as the 
Mann–Whitney U test, sample t test, and chi-square test to compare different groups. Additionally, 
multivariate binary logistic regression analysis was employed to identify risk factors associated with 
the occurrence of FS in patients, leading to the establishment of a prediction model and derivation 
of a simplified equation. The diagnostic effectiveness of individual indicators and prediction models 
was assessed through the use of receiver operating characteristic (ROC) curve analysis. In the 
sample of 103 individuals, 35 were identified as male and 68 as female, with an average age range 
of 40–70 years (mean age: 54.20 ± 6.82 years). The analysis conducted between different groups 
revealed that individuals with a low body mass index (BMI), in conjunction with other factors such 
as diabetes, cervical spondylosis, atherosclerosis, and hyperlipidemia, were more susceptible 
to developing FS. Logistic regression analysis further indicated that low BMI, diabetes, cervical 
spondylosis, and hyperlipidemia were significant risk factors for the occurrence of FS. These variables 
were subsequently incorporated into a predictive model, resulting in the creation of a simplified 
equation.The ROC curve demonstrated that the combined indicators in the predictive model exhibited 
superior diagnostic efficacy compared to single indicators, as evidenced by an area under the curve 
of 0.787, sensitivity of 62.1%, and specificity of 82.2%. Low BMI, diabetes, cervical spondylosis, 
and hyperlipidemia are significant risk factors associated with the occurrence of FS. Moreover, the 
utilization of a prediction model has demonstrated superior capability in forecasting the likelihood of 
FS compared to relying solely on individual indicators. This finding holds potential in offering valuable 
insights for the early diagnosis of FS.

Frozen shoulder (FS) is characterized by enduring shoulder pain and restricted  mobility1. The incidence of FS 
varies between 2 and 5%, with a higher occurrence in females, particularly among individuals aged 40–70  years2. 
The natural progression of FS is typically self-limiting, with symptoms subsiding within a span of 2  years3. Nev-
ertheless, a considerable number of individuals encounter persistent symptoms and functional  impairments4. 
In their study, Kim et al.5,6 discovered that 41% of the 223 patients examined continued to experience persistent 
symptoms four years after the initial onset. Additionally, 6% of these patients reported severe pain and loss of 
function. The symptoms associated with FS have the potential to cause disability in patients and contribute to 
increased public healthcare expenditures.

Despite being a prevalent condition, there remains ongoing debate surrounding the definition, classification, 
pathophysiology, diagnosis, natural progression, treatment, and prognosis of  FS4,7. Typically, the diagnosis of 
FS relies on the observation of clinical manifestations. The accepted definition of frozen shoulder as stated by 
American shoulder and elbow surgeons is characterized by pain in the shoulder joint accompanied by restrictions 
in both active and passive movements, without any abnormalities detected through radiological  examination8. 
The consensus reached by the ISAKOS upper limb  committee9 emphasizes that frozen shoulder is solely used to 
describe shoulder joint pain and limited range of motion in patients without evident underlying causes. Contrib-
uting factors in such patients may include  diabetes10,11, thyroid  disease12, Dupuytren  contracture13,  smoking14, 
 hyperlipidemia15, cardiovascular  disease16, among others. Secondary shoulder stiffness refers to stiffness of the 

OPEN

1Department of Joint Surgery, Suining Central Hospital, Suining City 629000, Sichuan Province, China. 2Department 
of Orthopedics, West China Hospital, Sichuan University, Chengdu 610041, Sichuan Province, China. *email: 
Hxsungj@163.com

http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-024-66360-y&domain=pdf


2

Vol:.(1234567890)

Scientific Reports |        (2024) 14:15261  | https://doi.org/10.1038/s41598-024-66360-y

www.nature.com/scientificreports/

shoulder joint caused by a specific cause, such as limited range of motion of the shoulder joint due to trauma 
or surgery.

Despite the existence of numerous studies investigating the risk factors associated with FS, the challenge of 
early diagnosis  persists17. Furthermore, a significant proportion of patients exhibit multiple  comorbidities18. 
Currently, no research has been conducted to determine whether diverse risk factors can predict the onset 
of FS. Consequently, the objective of this study is to identify the risk factors associated with FS by means of a 
case–control study, develop a predictive model, and formulate a simplified equation, with the ultimate aim of 
offering valuable insights for the early detection of FS.

Data and methods
Clinical data
This study employed a case–control design, wherein the case group consisted of 103 consecutive patients diag-
nosed with FS who were admitted to the Department of Joint Surgery at Suining Central Hospital between 
October 2021 and October 2023. The case group comprised 35 males and 68 females, aged 40–70 years (mean 
age: 54.20 ± 6.82 years). All cases underwent shoulder X-ray radiography and MRI examination to assess the 
condition of the shoulder joint. The control group, on the other hand, consisted of patients without shoulder 
diseases who visited the same department during the aforementioned period. The control group was matched 
with the case group in terms of age and gender, with a 3:1 matching ratio, resulting in a total of 309 cases. The 
similarity in demographics between the two groups was further reinforced by the patients’ shared regional ori-
gins and similar occupational backgrounds, as indicated in Supplementary Tables 1, 2, and 3.This study received 
approval from the Ethics Committee of Suining Central Hospital (approval number: LLSLH20220105). Informed 
consent was obtained from all patients. The data was not publicly available but has been completely anonymised 
to remove any identifying information in the article.The clinical procedures were carried out in accordance with 
the Declaration of Helsinki.

Inclusion criteria
The case group consisted of individuals aged 40–70 years old who met the diagnostic criteria outlined in the 
 literature9,19. These criteria included the absence of an obvious cause of shoulder pain, worsening pain after activ-
ity, limited range of motion in the glenohumeral joint with external rotation less than 50% of the unaffected side, 
normal X-ray results, and no other shoulder joint lesions such as rotator cuff tears on MRI. Individuals younger 
than 40 or older than 70 years old, as well as those who declined to participate, were excluded from the study. 
The control group was matched with the case group in terms of age and gender, but without shoulder diseases.

Data collection
The data were gathered and cross-validated by two experienced shoulder surgeons. Prior to inclusion, the X-ray 
and MRI scans of the shoulder joint were reevaluated to ensure the patient’s eligibility. The collection of data 
encompassed various aspects, including: (1) General information, such as name, age, gender, and BMI; (2) 
Comprehensive medical history, encompassing conditions like hypertension, diabetes, cardiovascular disease, 
thyroid disease, Cervical spondylosis, hyperlipidemia, atherosclerosis, and surgical history; (3) Clinical test data, 
consisting of blood glucose, uric acid, cholesterol (CHOL), triglyceride (TG), high density lipoprotein cholesterol 
(HDL-C), low density lipoprotein cholesterol (LDL-C),among others.

Statistical methods
The clinical information collected was subjected to statistical analysis using SPSS25.0 software, with a significance 
level of α = 0.05 for inter-group comparisons. Descriptive statistics involved the use of the Kolmogorov–Smirnov 
method to test the normality of quantitative data, and mean ± standard deviation was employed to describe 
quantitative data that exhibited a normal distribution. For quantitative data that did not conform to a normal 
distribution, the median (25th percentile, 75th percentile) was used. Categorical data was presented in terms of 
case number and percentage (%). (1) The independent sample t-test was employed to compare quantitative data 
between two groups, while the non-parametric rank sum test analysis was utilized for inconsistent conditions. 
(2) The chi-square test was employed to compare count data between groups. (3) Correlation analysis was con-
ducted using a multivariate binary logistic regression model, with the results expressed as adjusted odds ratios 
(OR) and corresponding 95% confidence intervals (CI). The independent variable chosen was the indicator 
that showed significance in the single-factor analysis. (4) Binary logistic regression analysis was employed to 
derive the β regression coefficient for each independent risk factor, resulting in the formulation of a regression 
equation and the creation of combined indicators. (5) The receiver operating characteristic curve (ROC) was 
utilized to calculate the area under the curve (AUC) in order to determine the cutoff value for continuous vari-
ables. Furthermore, this approach facilitated the acquisition of diagnostic evaluation results such as sensitivity, 
specificity, and other relevant metrics.

Ethics approval and consent to participate
This study received approval from the Ethics Committee of Suining Central Hospital (approval number: 
LLSLH20220105). Informed consent was obtained from all patients.
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Results
Characteristics of FS group and inter-group differences
Among the 103 patients diagnosed with FS, the mean age was 54.20 ± 6.82 years, with 35 being male (34.0%). The 
prevalence of comorbidities in the FS patients was as follows: hyperlipidemia (32.0%), type 2 diabetes (23.3%), 
cervical spondylosis (18.4%), atherosclerosis (14.6%), hypertension (11.7%), and thyroid disease (2.9%). Addi-
tionally, 26 cases (25.2%) presented with two or more comorbidities. Table 1 displays a comparison of indicators 
between the case group and the control group. A statistically significant difference was observed between the two 
groups in terms of the incidence of BMI, cervical spondylosis, type 2 diabetes, atherosclerosis, and hyperlipidemia 
(P < 0.05). The case group exhibited a lower BMI compared to the control group, while the four other indica-
tors in the case group were significantly higher. No significant difference was found in the remaining indicators 
between the two groups (P > 0.05).

Multivariate binary logistic regression analysis results
To investigate the association between BMI, cervical spondylosis, type 2 diabetes, atherosclerosis, and hyper-
lipidemia as significant indicators of univariate analysis, and their relationship with the occurrence of FS, we 
employed binary logistic regression. We utilized whether FS occurs as the dependent variable and the five 
observation indicators as independent variables. The results are presented in Table 2.

The logistic regression analysis revealed significant correlations between BMI, cervical spondylosis, type 2 
diabetes, and hyperlipidemia with FS (P < 0.05). Furthermore, cervical spondylosis, type 2 diabetes, and hyper-
lipidemia were identified as independent risk factors (OR > 1) that influenced FS, while BMI was identified as 
an independent protective factor (OR < 1) that influenced FS. Specifically, for every 1 kg/m2 increase in BMI, 
the likelihood of patients experiencing FS decreased by 0.3% (OR = 0.636). Additionally, the likelihood of FS in 
cervical spondylosis patients increased by 1.475 times (OR = 2.475). The likelihood of experiencing FS in indi-
viduals with type 2 diabetes increased by a factor of 0.636 (OR = 1.636). Similarly, the likelihood of FS in patients 
with hyperlipidemia increased by a factor of 0.365 (OR = 1.365). It is worth noting that atherosclerosis does not 
emerge as an independent influencing factor for FS, as indicated by a p-value greater than 0.05.

Table 1.  Comparison between the case group and the control group. *: chi-square test; #: t test; Δ: Z tset. 
Significant values are in bold.

Indicators Control group Case group t/Z/χ2 P

Number 309 103

Age 54.25 ± 6.70 54.20 ± 6.82 0.059# 0.953

Gender (male%) 105(34.0) 35(34.0) 0.000* 1.000

BMI (kg/m2) 25.03 ± 3.87 23.64 ± 3.33 3.264# 0.001

Uric acid (umol/L) 307.00(252.00,356.00) 298.00(247.00,351.00) − 0.872Δ 0.383

Blood glucose (mmol/L) 5.56 ± 1.67 5.91 ± 2.33 − 1.411# 0.160

CHOL (mmol/L) 5.13 ± 1.10 5.30 ± 0.99 − 1.411# 0.159

TG (mmol/L) 1.55(1.03,2.48) 1.54(1.04,2.60) − 0.632Δ 0.527

HDL-C (mmol/L) 1.34(1.14,1.62) 1.35(1.11,1.59) − 0.343Δ 0.732

LDL-C (mmol/L) 2.30 ± 0.79 3.04 ± 0.79 − 0.509# 0.611

LDL/HDL 2.24(1.69,2.79) 2.22(1.62,2.96) − 0.387Δ 0.699

Hypertension (%) 35(11.3) 12(11.7) 0.008* 0.929

Cervical spondylosis (%) 1(0.3) 19(18.4) 54.933*  < 0.001

Type 2 diabetes (%) 15(4.9) 24(23.3) 30.673*  < 0.001

Atherosclerosis (%) 22(7.1) 15(14.6) 5.236* 0.022

Hyperlipidemia (%) 54(17.5) 33(32.0) 9.836* 0.002

Thyroid disease (%) 1(0.3) 3(2.9) 3.029* 0.082

Table 2.  Binary logistic regression analysis of whether FS occurred or not. Significant values are in bold.

Indicators B SE Wald OR

95%CI

PLower limit Upper limit

BMI − 0.452 0.140 10.427 0.636 0.484 0.837 0.001

Cervical spondylosis 0.906 0.227 15.987 2.475 1.587 3.859 0.000

Type 2 diabetes 0.492 0.113 18.861 1.636 1.310 2.042 0.000

Atherosclerosis 0.203 0.111 3.338 1.225 0.985 1.523 0.068

Hyperlipidemia 0.311 0.121 6.592 1.365 1.076 1.732 0.010

Constant − 1.211 0.139 75.896 0.298 0.000
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Establishment of prediction model and its diagnostic efficacy
To enhance the diagnostic significance of BMI, cervical spondylosis, type 2 diabetes, and hyperlipidemia in rela-
tion to the incidence of FS, the implementation of ROC curve analysis was employed, as depicted in Table 3 and 
Fig. 1. The findings presented in Table 3 reveal that the area under the curve for the BMI indicator is 0.637, with 
a standard error of 0.032, P = 0.000, and a 95% confidence interval of (0.574–0.700), suggesting that BMI is not 
an effective diagnostic tool for FS. The diagnostic performance is optimized by selecting the diagnostic cutoff 
point as the maximum value of the diagnostic index, which corresponds to a sensitivity of 0.628, a specificity of 
0.1, and a diagnostic cutoff point of 23.775 kg/m2. Moreover, the diagnostic effectiveness of cervical spondylosis, 
type 2 diabetes, and hyperlipidemia in diagnosing FS independently is limited.

In order to obtain the combined diagnostic value of BMI, cervical spondylosis, type 2 diabetes and hyperlipi-
demia for the occurrence of FS, we first took the occurrence of FS as a dependent variable, and the four indicators 
of BMI, cervical spondylosis, type 2 diabetes and hyperlipidemia as independent variables. We conducted binary 
logistic regression analysis, as shown in Table 4, and obtained the combined indicators of the four indicators. 
Combined indicators = 4.174 * cervical spondylosis + 1.684 * type 2 diabetes + 0.816 * hyperlipidemia -0.122 
* BMI. Through approximate rounding, the simplified equation = 6 * cervical spondylosis + 2 * type 2 diabe-
tes + hyperlipidemia -0.2 * BMI.

Subsequently, the ROC curve for the combined indicator was constructed by utilizing the incidence of FS and 
the combined indicator, as presented in Table 5 and Fig. 2. The outcomes of the combined indicator in Table 5 
reveal that the area under the curve for the joint indicator of BMI, cervical spondylosis, type 2 diabetes, and 
hyperlipidemia is 0.787, with a standard error of 0.028 and a P-value of 0.000. The 95% confidence interval is 
reported as 0.733–0.841, while the sensitivity and specificity are recorded as 0.621 and 0.822, respectively. These 
findings suggest that the joint indicator demonstrates superior predictive capabilities for the occurrence of FS 
compared to the single indicator.

Table 3.  ROC analysis.

Indicators AUC SE P 95%CI Cutoff point Sensitivity Specificity

BMI 0.637 0.032 0.000 0.574–0.700 23.775 0.628 0.641

Cervical spondylosis 0.591 0.035 0.006 0.523–0.659 – 0.184 0.997

Type 2 diabetes 0.592 0.034 0.005 0.525–0.660 – 0.233 0.951

Hyperlipidemia 0.573 0.034 0.027 0.507–0.639 – 0.320 0.825

Figure 1.  ROC curve analysis.

Table 4.  Binary logistic regression analysis of combined indicator. Significant values are in bold.

Indicators B SE Wald OR

95%CI

PLower limit Upper limit

BMI -0.122 0.037 10.749 0.885 0.823 0.952 0.001

Cervical spondylosis 4.174 1.052 15.750 64.945 8.268 510.135  < 0.001

Type 2 diabetes 1.684 0.388 18.839 5.385 2.518 11.516  < 0.001

Hyperlipidemia 0.816 0.294 7.708 2.262 1.271 4.026 0.005

Constant 1.270 0.891 2.032 3.562 0.154



5

Vol.:(0123456789)

Scientific Reports |        (2024) 14:15261  | https://doi.org/10.1038/s41598-024-66360-y

www.nature.com/scientificreports/

Discussion
Frozen shoulder is a prevalent shoulder joint disorder characterized by a protracted disease course and challeng-
ing treatment, resulting in substantial societal and individual  burdens20,21. During the initial phase of FS, patients 
typically experience nonspecific pain without significant or mild activity restriction. Hematological tests generally 
yield normal results, although certain researchers have suggested that early elevation of hypersensitive C-reactive 
protein may  occur22. Consequently, the early diagnosis of FS remains a subject of controversy due to the absence 
of objective  criteria18,23. Numerous studies have demonstrated the association between FS and various medical 
conditions such as diabetes, hyperlipidemia, thyroid disease, Dupuytren contracture, cardiovascular disease, and 
cervical  spondylosis10–16. However, the practical applicability of these findings in clinical settings remains limited. 
To address this gap, the present study employed a case–control design, enrolling 103 consecutive patients with 
FS from the department. Additionally, 309 patients without shoulder joint disease admitted during the same 
period were matched based on age and gender. The multivariate binary logistic regression analysis revealed that 
low BMI, cervical spondylosis, type 2 diabetes, and hyperlipidemia were identified as independent risk factors for 
FS. These factors were subsequently incorporated into a diagnostic prediction model, resulting in the develop-
ment of simplified equations. The findings indicate that the combined index of BMI, cervical spondylosis, type 2 
diabetes, and hyperlipidemia exhibits a favorable predictive capability for the occurrence of FS, as evidenced by 
an area under the curve of 0.787, a sensitivity of 0.621, and a specificity of 0.822. Consequently, this combined 
index holds promise as a valuable tool for early clinical diagnosis of FS.

The existing literature has provided limited information on the association between BMI and FS. However, 
a case–control study conducted by Wei et al.24 revealed that an elevated BMI in the case group was not found to 
be a statistically significant risk factor for FS. Additionally,  Pietrzak16 has suggested that contemporary society 
is grappling with a widespread prevalence of obesity, which is strongly linked to the rise in numerous coexisting 
medical conditions and mortality rates. It is widely acknowledged that metabolic syndrome serves as the primary 
connection between obesity and the development of diabetes, cardiovascular disease, neurodegeneration, and 
 cancer25. Metabolic syndrome arises from endothelial dysfunction caused by hyperinsulinemia, upregulation 
of pro-inflammatory cytokines, and oxidative stress, resulting in the production of reactive oxygen species, 
advanced glycation end-products (AGEs), and chronic low-grade inflammatory  states26. These mechanisms and 
FS may share common etiological factors. However, a case–control study conducted by Mertens.27 arrived at a 
contradictory finding: low weight and low BMI are identified as risk factors for FS, with the risk of FS increasing 
by 3% for every kilogram of weight loss. The author expresses uncertainty regarding the underlying cause of 
this correlation. The findings of this study demonstrate a consistent pattern, wherein a lower BMI serves as an 
independent risk factor for FS, and each additional unit increase in BMI by 1 kg/m2 reduces the likelihood of 
FS by 0.3% (OR = 0.636). The precise explanation for this association remains unclear, potentially implicating 
metabolic factors. To gain a more comprehensive understanding, additional investigation is warranted, prefer-
ably utilizing multi-center large sample data.

The prevalence rate of FS in individuals with diabetes is significantly higher, ranging from 10–30%, compared 
to the general population. This condition is considered to be the most influential factor contributing to the 
development of FS. According to existing literature, the prevalence of FS in diabetes patients is reported to be 

Table 5.  ROC analysis of individual indicators and combined indicator.

Indicators AUC SE P 95%CI Cutoff point Sensitivity Specificity

BMI 0.637 0.032 0.000 0.574–0.700 23.775 0.628 0.641

Cervical spondylosis 0.591 0.035 0.006 0.523–0.659 – 0.184 0.997

Type 2 diabetes 0.592 0.034 0.005 0.525–0.660 – 0.233 0.951

Hyperlipidemia 0.573 0.034 0.027 0.507–0.639 – 0.320 0.825

Combined indicator 0.787 0.028 0.000 0.733–0.841 0.621 0.822

Figure 2.  ROC curve analysis of individual indicators and combined indicator.
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1.32–3.69 times higher than in individuals without  diabetes28,29. A study conducted by Juel et al.30 followed 136 
cases of type 1 diabetes over a span of 30 years and found that the lifetime prevalence rate of FS in the diabetes 
group was 76%, while it was only 14% in the control group. Furthermore, there is a positive correlation between 
the level of cumulative glycosylated hemoglobin and the incidence of FS, indicating that higher levels of glyco-
sylated hemoglobin are associated with an increased risk of developing  FS31. Certain scholars posit a potential 
association between AGEs, which are generated via non-enzymatic glycosylation, and the accumulation of these 
compounds in connective tissues due to their inability to undergo regular degradation and remodeling when they 
bind to long-lasting proteins. The excessive presence of AGEs can result in pathological collagen cross-linking 
and structural alterations in tissues, ultimately leading to diminished tissue  compliance32. This investigation has 
discovered that type 2 diabetes serves as an autonomous risk factor for FS, with an OR value of 1.636, aligning 
with previous research findings. Patients with diabetes should be considered as the high-risk group of FS, and 
may benefit from early diagnosis.

In recent years, there has been a growing body of evidence suggesting that hyperlipidemia is a potential risk 
factor for FS. In a case–control study conducted by Chang-Meen et al.33, involving 1200 patients, it was observed 
that hypercholesterolemia and inflammatory lipoproteinemia, specifically high low density lipoproteinemia and 
high non-high density lipoprotein cholesterolemia, exhibited a significant correlation with FS (with an odds ratio 
ranging from 1.609 to 1.787). Wang et al.15 conducted a study utilizing data from the National Health Insurance 
Research Database to longitudinally track a cohort of 28,748 individuals diagnosed with hyperlipidemia, along 
with a control group of 114,992 individuals matched through propensity scores, over a period of 5 years. Their 
findings indicated that the risk of FS in hyperlipidemia patients was 1.5 times greater compared to the healthy 
control groups. This observation may be attributed to the susceptibility of low density lipoprotein to oxidation 
and modification by reactive oxygen species, subsequently leading to the activation of endothelial cells within 
the vascular wall. The activation of endothelial cells results in the upregulation of intercellular adhesion mol-
ecule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1), thereby attracting inflammatory cells and 
cytokines associated with inflammation. Additionally, ICAM-1 is implicated in the molecular pathway underlying 
the occurrence of  FS34. This investigation establishes hyperlipidemia as a noteworthy risk factor for FS, with an 
odds ratio (OR) of 1.365, consistent with prior research. Consequently, individuals with hyperlipidemia may 
derive advantages from early diagnosis.

There is a limited body of research examining the association between cervical spondylosis and FS. Wei et al.24 
conducted a case–control study and determined that cervical spondylosis is a non-causal risk factor for FS, with 
a prevalence rate of 23.6% among FS patients compared to 15.3% in the control group. These findings align with 
previous studies. The authors posit that FS and cervical spondylosis share a similar age of onset, typically occur-
ring after middle age, and suggest a potential causal relationship between the two conditions. The potential for 
cervical spondylosis to cause FS may be attributed to the presence of lesions in the cervical nerves and blood 
vessels. Stimulation of the nerves can result in the occurrence of neural radiating pain in the neck and shoulder, 
subsequently leading to spasms in the surrounding soft tissues of the shoulder joint. The decline in peripheral 
nerve nutrition, blood circulation, and microcirculation contributes to localized hypoxia in the fiber tissues, an 
increase in inflammatory substances, worsening of shoulder joint pain, limitation of shoulder joint movement, 
and the development of shoulder joint stiffness. The study found that the prevalence of cervical spondylosis in 
the case group was 18.4%, compared to only 0.3% in the control group. Consequently, the logistic regression 
analysis yielded an odds ratio (OR) value of 2.475, indicating a significant causal risk factor for FS. However, to 
obtain more accurate evidence, further investigation involving large-scale analysis and in-depth examination 
of the pathogenesis is necessary.

In conclusion, the case–control study conducted in this research has identified low BMI, cervical spondylo-
sis, type 2 diabetes, and hyperlipidemia as distinct risk factors for FS. Through the development of a diagnostic 
prediction model and the establishment of combined indicators, it has been demonstrated that the combined 
indicators of BMI, cervical spondylosis, type 2 diabetes, and hyperlipidemia offer improved predictive capabilities 
for the occurrence of FS. These findings have potential implications for facilitating early clinical diagnosis of FS. 
Nevertheless, this study possesses certain constraints. Firstly, it is imperative to acknowledge that this study is 
confined to a solitary center and encompasses a mere 412 cases. Consequently, the dependability of the outcomes 
necessitates validation through larger sample sizes obtained from multiple centers. Secondly, while there is a 
prevailing belief that thyroid disease constitutes a risk factor for FS, the exclusion of thyroid disease patients from 
the model study due to their limited representation warrants further investigation with more extensive samples.

Data availability
The data and materials analyzed during the current study are available from the Supplementary files.

Received: 17 January 2024; Accepted: 1 July 2024

References
 1. Kraal, T. et al. The puzzling pathophysiology of frozen shoulders – a scoping review. J. Exp. Orthop. 7, 91. https:// doi. org/ 10. 1186/ 

s40634- 020- 00307-w (2020).
 2. Redler, L. H. & Dennis, E. R. Treatment of adhesive capsulitis of the shoulder. J. Am. Acad. Orthop. Surg. 27(12), e544–e554 (2019).
 3. Sarasua, S. M. et al. The epidemiology and etiology of adhesive capsulitis in the U.S. Medicare population. BMC Musculoskelet. 

Disord. 22, 828. https:// doi. org/ 10. 1186/ s12891- 021- 04704-9 (2021).
 4. Wong, C. K. et al. Natural history of frozen shoulder: Fact or fiction? A systematic review. Physiotherapy 103(1), 40–47 (2017).
 5. Konarski, W. et al. Current concepts of natural course and in management of frozen shoulder: A clinical overview. Orthop. Rev. 

12(4), 8832. https:// doi. org/ 10. 4081/ or. 2020. 8832 (2021).

https://doi.org/10.1186/s40634-020-00307-w
https://doi.org/10.1186/s40634-020-00307-w
https://doi.org/10.1186/s12891-021-04704-9
https://doi.org/10.4081/or.2020.8832


7

Vol.:(0123456789)

Scientific Reports |        (2024) 14:15261  | https://doi.org/10.1038/s41598-024-66360-y

www.nature.com/scientificreports/

 6. Kim, D. H. et al. Is frozen shoulder completely resolved at 2 years after the onset of disease?. J. Orthop. Sci. https:// doi. org/ 10. 
1016/j. jos. 2019. 03. 011 (2020).

 7. Cho, C.-H. et al. A consensus survey of shoulder specialists on frozen shoulder. Clin. Orthop. Surg. 12, 60–67. https:// doi. org/ 10. 
4055/ cios. 2020. 12.1. 60 (2020).

 8. Christopher, M. et al. Frozen shoulder: A systematic review of cellular, molecular, and metabolic findings. JBJS Rev. 9(1), e19.00153. 
https:// doi. org/ 10. 2106/ JBJS. RVW. 19. 00153 (2021).

 9. Itoi, E. et al. Shoulder stiffness: Current concepts and conerns. Arthroscopy: J. Arthrosc. Related Surg. https:// doi. org/ 10. 1016/j. 
arthro. 2016. 03. 024 (2016).

 10 Chan, J. H. et al. The relationship between the incidence of adhesive capsulitis and hemoglobin A1c. J. Shoulder Elb. Surg. 10(26), 
1824–1837. https:// doi. org/ 10. 1016/j. jse. 2017. 03. 015 (2017).

 11. Green, H. D. et al. A genomewide association study identifies 5 loci associated with frozen shoulder and implicates diabetes as a 
causal risk factor. PLoS Genet. 17(6), e1009577. https:// doi. org/ 10. 1371/ journ al. pgen. 10095 77 (2021).

 12 Deng, G. & Wei, Y. The causal relationship between hypothyroidism and frozen shoulder: A two-sample Mendelian randomization. 
Medicine 102, 43 (2023).

 13. de la Serna, D., Navarro-Ledesma, S., Alayón, F., López, E. & Pruimboom, L. A comprehensive view of frozen shoulder: A mystery 
syndrome. Front. Med. 8, 663703. https:// doi. org/ 10. 3389/ fmed. 2021. 663703 (2021).

 14 Deng, G.-h & Wei, Y.-k. The causal relationship between ever smoked and frozen shoulder: A two-sample Mendelian randomiza-
tion. Medicine 102, 44 (2023).

 15 Wang, J.-Y. et al. Hyperlipidemia is a risk factor of adhesive capsulitis: Real-world evidence using the Taiwanese national health 
insurance research database. Orthop. J. Sports Med. https:// doi. org/ 10. 1177/ 23259 67120 986808 (2021).

 16 Pietrzak, Max. Adhesive capsulitis: An age related symptom of metabolic syndrome and chronic low-grade inflammation?. Med. 
Hypotheses 88, 12–17. https:// doi. org/ 10. 1016/j. mehy. 2016. 01. 002 (2016).

 17. Cher, J. Z. B. et al. Alarmins in frozen shoulder: A molecular association between inflammation and pain. Am. J. Sports Med. 46(3), 
671–678. https:// doi. org/ 10. 1177/ 03635 46517 741127 (2018).

 18 Itoi, E. et al. Shoulder stiffness:current concepts and concerns. Arthroscopy 32(7), 1402–1414 (2016).
 19 Millar, N. L. et al. Frozen shoulder. Nat. Rev. Dis. Prim. https:// doi. org/ 10. 1038/ s41572- 022- 00386-2 (2022).
 20. Tamai, et al. Frozen shoulder. An overview of pathology and biology with hopes to novel drug therapies. Modern Rheumatol., 1–5 

(2023).
 21. Lv, X. et al. Causal relationship between ischemic stroke and its subtypes and frozen shoulder: A two-sample Mendelian randomi-

zation analysis. Front. Neurol. 14, 1178051. https:// doi. org/ 10. 3389/ fneur. 2023. 11780 51 (2023).
 22 Park, H. B., Gwark, J.-Y., Jung, J. & Jeong, S.-T. Association between high-sensitivity c-reactive protein and idiopathic adhesive 

capsulitis. J. Bone Joint Surg. 102(9), 761–768. https:// doi. org/ 10. 2106/ JBJS. 19. 00759 (2020).
 23. Fields, B. K. K. et al. Adhesive capsulitis: Review of imaging findings, pathophysiology, clinical presentation, and treatment options. 

Skeletal Radiol. 48, 1171–1184. https:// doi. org/ 10. 1007/ s00256- 018- 3139-6 (2019).
 24. Wei, L. I. et al. Case control study of risk factors for frozen shoulder in China. Int. J. Rheumatic Dis. 18, 508–513 (2015).
 25. Goyal, A., Nimmakayala, K. R. & Zonszein, J. Is there a paradox in obesity?. Cardiol. Rev. 22(1), 63–70 (2014).
 26 Yano, T. et al. RAGE-dependent NF-kB inflammation processes in the capsule of frozen shoulders. J. Shoulder Elb. Surg. 29(9), 

1884–1891. https:// doi. org/ 10. 1016/j. jse. 2020. 01. 076 (2020).
 27 Mertens, M. G. C. A. M. et al. Understanding the clinical profile of patients with frozen shoulder: A longitudinal multicentre 

observational study. BMJ Open 12(11), e056563. https:// doi. org/ 10. 1136/ bmjop en- 2021- 056563 (2022).
 28. Zreik, N. H., Malik, R. A. & Charalambous, C. P. Adhesive capsulitis of the shoulder and diabetes: A meta-analysis of prevalence. 

Muscles Ligaments Tendons J. 6, 26–34 (2016).
 29. Dyer, B. P. et al. Diabetes as a risk factor for the onset of frozen shoulder: A systematic review and meta-analysis. BMJ Open 13, 

e062377. https:// doi. org/ 10. 1136/ bmjop en- 2022- 062377 (2023).
 30 Juel, N. G., Brox, J. I., Brunborg, C., Holte, K. B. & Berg, T. J. Very high prevalence of frozen shoulder in patients with type 1 diabetes 

of ≥45 Years’ Duration: The dialong shoulder study. Archiv. Phys. Med. Rehabil. 98(8), 1551–1559. https:// doi. org/ 10. 1016/j. apmr. 
2017. 01. 020 (2017).

 31. Chan, J. H., Ho, B. S., Alvi, H. M., Saltzman, M. D. & Marra, G. The relationship between the incidence of adhesive capsulitis and 
hemoglobin A1c. J. Shoulder Elb. Surg. 26, 1834–1837 (2017).

 32. Ozawa, J. et al. Accumulation of advanced-glycation end products (AGEs) accelerates arthrogenic joint contracture in immobilized 
rat knee. J. Orthop. Res. 36, 854–863 (2018).

 33 Sung, C.-M. et al. Are serum lipids involved in primary frozen shoulder?: A case-control study. J. Bone Joint Surg.-Am. 96(21), 
1828–1833. https:// doi. org/ 10. 2106/ JBJS.M. 00936 (2014).

 34 Tamai, K. et al. Frozen shoulder. An overview of pathology and biology with hopes to novel drug therapies. Modern Rheumatol. 
34(3), 439–443. https:// doi. org/ 10. 1093/ mr/ road0 87 (2023).

Acknowledgements
We sincerely thank all of the participants for helping to make this study possible.

Author contributions
G.S., Y.Y. contributed to study conception, design. X.P., K.H. contributed to data collection. W.F. was responsible 
for statistical analysis, tables and charts. Q.L. was responsible for data collection and drafting manuscript. All 
authors reviewed the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 024- 66360-y.

Correspondence and requests for materials should be addressed to G.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.1016/j.jos.2019.03.011
https://doi.org/10.1016/j.jos.2019.03.011
https://doi.org/10.4055/cios.2020.12.1.60
https://doi.org/10.4055/cios.2020.12.1.60
https://doi.org/10.2106/JBJS.RVW.19.00153
https://doi.org/10.1016/j.arthro.2016.03.024
https://doi.org/10.1016/j.arthro.2016.03.024
https://doi.org/10.1016/j.jse.2017.03.015
https://doi.org/10.1371/journal.pgen.1009577
https://doi.org/10.3389/fmed.2021.663703
https://doi.org/10.1177/2325967120986808
https://doi.org/10.1016/j.mehy.2016.01.002
https://doi.org/10.1177/0363546517741127
https://doi.org/10.1038/s41572-022-00386-2
https://doi.org/10.3389/fneur.2023.1178051
https://doi.org/10.2106/JBJS.19.00759
https://doi.org/10.1007/s00256-018-3139-6
https://doi.org/10.1016/j.jse.2020.01.076
https://doi.org/10.1136/bmjopen-2021-056563
https://doi.org/10.1136/bmjopen-2022-062377
https://doi.org/10.1016/j.apmr.2017.01.020
https://doi.org/10.1016/j.apmr.2017.01.020
https://doi.org/10.2106/JBJS.M.00936
https://doi.org/10.1093/mr/road087
https://doi.org/10.1038/s41598-024-66360-y
https://doi.org/10.1038/s41598-024-66360-y
www.nature.com/reprints


8

Vol:.(1234567890)

Scientific Reports |        (2024) 14:15261  | https://doi.org/10.1038/s41598-024-66360-y

www.nature.com/scientificreports/

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2024

http://creativecommons.org/licenses/by/4.0/

	Risk factors and predictive models for frozen shoulder
	Data and methods
	Clinical data
	Inclusion criteria
	Data collection
	Statistical methods
	Ethics approval and consent to participate

	Results
	Characteristics of FS group and inter-group differences
	Multivariate binary logistic regression analysis results
	Establishment of prediction model and its diagnostic efficacy

	Discussion
	References
	Acknowledgements


