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ABSTRACT

Previous case-control studies of Caucasian ethnicity have reported the association of adhesive capsulitis (AC) with diabetes mellitus (DM). To further investigated the risk of AC in subjects with DM in an Asian population, we performed the present cohort study featured the analyses of a randomly selected sub-dataset of one million individuals insured by the Taiwan National Health Insurance for the period spanning 1996 to 2008. The study and comparison cohorts consisted of 5,109 newly diagnosed diabetic patients and 20,473 randomly selected non-diabetic subjects aged ≥20 years in the year 2000. Both cohorts were followed up until December 2008 to measure AC incidence. We found the incidence density of AC in the DM cohort was 3.08 times that of the comparison cohort (146.9 vs. 47.7 per 10,000 person-years), and rate ratios varied from 1.23 to 4.98 by categorized sociodemographic factors and co-morbidity. The hazard ratio (HR) of AC for DM subjects remained significantly higher than that for non-DM subjects (p<0.001) in all models. The HR increased in older age groups (p<0.001) and females (p<0.001). Hyperlipidemia consistently increase the risk of AC in both univariate (HR = 2.67, 95% confidence interval (CI): 2.36-4.06) and multivariate analyses (HR = 1.29, 95% CI: 1.11-1.49).In this eight-year study period, we found DM and accompany hyperlipidemia were independent risk factors of AC. The risks are higher for older age women. Findings in the present study help to identify high-risk patient groups to exercise early prevention of AC, and enhance comprehensive care quality of DM subjects. 
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Introduction

Diabetes mellitus (DM) is a complex metabolic disorder of multiple etiologies characterized by chronic hyperglycemia arising from defects in insulin secretion, insulin action, or both [1]. DM triggers the chronic damage, dysfunction, and failure of various organs. The combination of microangiopathy and macroangiopathy frequently leads to complications, such as retinopathy, nephropathy, neuropathy, and increased risks for cardiovascular, peripheral vascular, and cerebral vascular diseases. 

Musculoskeletal complications, which are less adequately described and understood, occur quite frequently in patients with DM. One of the common musculoskeletal complications is adhesive capsulitis (AC), also known as frozen shoulder [2]. This complication is characterized by progressive, painful restrictions of the shoulder’s range of motions due to a thickened joint capsule adherent to the humeral head, resulting in a reduction of the glenohumeral joint volume. Although it’s clinical manifestations are characterized by three phases — painful, adhesive, and resolution — its exact etiology remains unknown. 

A number of studies have described an elevated prevalence of AC in DM patients. Thomas et al. [3] reported that frozen shoulder had a prevalence rate of 4.3% in DM patients and 0.5% in a control group. Another study conducted by Bridgman [4], found that 10.8% of DM patients and 2.3% of controls were afflicted with AC. Meanwhile, Pal et al., who conducted a study on a smaller scale [5], observed AC in 19% of DM patients and 5% of controls. The variance of AC prevalence in people with DM and normal controls in these studies [3-5], may be attributed to differences in the definition of AC and the study populations enrolled. 

Furthermore, a high frequency of limited joint mobility has been observed among DM patients with AC [6]. Although the association of microvascular complications of DM with limited joint mobility has been thoroughly documented, the association of AC with microvascular or macrovascular complications of DM remains less defined. In view of the above findings, a retrospective cohort study was conducted using population-based universal insurance data. The goal of the study is to delineate the risk of AC in DM subjects, as well as its relationship with other medical co-morbidity. 
Methods

Data source and study population

The Taiwan National Health Insurance, a universal health program reformed from several public insurance systems in 1995, covers over 96% of Taiwan’s population of 23 million and has forged contracts with 97% of country’s hospitals and practitioners since 1996. For this study, claims data of the longitudinal health insurance database, established by the National Health Research Institute, were obtained. The data included a registry of one million randomly selected insured individuals for the period covering 1996 to 2000. Ambulatory and inpatient claims, as well as an updated registry of beneficiaries from 1996 to 2008, were included. Scrambled identification numbers were tapped to link data sets and ensure privacy of the insured population. 

Study subjects 

Data bases used in this study including both outpatient files with two diagnosis fields for each visit and inpatient files with 5 diagnosis fields for each discharge. All the seven fields were used for diagnoses identification. The study cohort consisted of new diabetic patients aged ≥ 20 years with at least three diagnostic records of DM in the year 2000 based on the International Classification of Disease, 9th Revision, Clinical Modification (ICD-9CM) codes, including 250 and A-code A181. A-code and ICD-9-CM code were used to define the disease before 2000 in Taiwan, but ICD-9-CM was used starting 2000. “A-code” covered wide ICD-9-CM and if there was no specific A-code as ICD-9-CM we just used ICD-9-CM to define the disease. The comparison cohort was composed of randomly selected nearly 4 folds of insured individuals without DM, aged ≥20 years in the year 2000. We excluded 92 and 137 subjects who manifested AC (ICD-9CM code 726.0) development before the baseline period from the study cohort and the comparison cohort, respectively. Subjects who developed DM after the baseline in the comparison cohort were excluded as well. Finally, a total of 5,109 DM cases and 20,473 references were included for the data analyses in this study. In the DM cohort, 296 (5.79%) patients were diagnosed as type 1 DM. Subjects with baseline co-morbidity, including stroke (ICD-9-CM 430-438 and A-codes A290-A294 and A299), hypertension (ICD-9-CM 401-405 and A-codes A260 and A269), hyperlipidemia (ICD-9-CM 272 and A-code A182), obesity (ICD-9-CM 278 and A-code A183) and chronic obstructive pulmonary disease (COPD, ICD-9-CM 491.2 and 496) were also identified with at least three diagnostic records of the respective comorbidity. 

Statistical analyses
Categorical distributions of age, gender, occupation, urbanization level of subject’s residential area, premium based income, and co-morbidity between the study cohort (subjects with DM) and comparison cohort (subjects without DM) were compared and examined using Chi-square tests. The urbanization levels of living areas were grouped into three levels based on the population density (persons/km2) for each area (Department of Statistics, Ministry of the Interior, Executive Yuan of the Republic of China). The high level was those living in areas in upper two quartiles and the low level was the lowest quartile. The level for premium based income was grouped into three levels: less than 15,840, 15,840-19,200 and more than 19,200 NTD. The incidence density rates of AC of the two groups were estimated using these variables, and their rate ratios were compared. To calculate the incidence density, the study subjects’ observational person-years were summed until AC was diagnosed; for those without AC, person-years were summed until 31 December 2008 or until the respective dates when the subjects left the NHI because of reasons such as death, emigration, and so on. Because few DM patients were type 1 patients, data analysis would not stratify by the type of DM. 
Hazard ratios (HRs) and 95% confidence intervals (CI) for AC were measured using the Cox hazards proportional regression analysis for subjects with DM compared with those without DM. Univariate analysis was performed initially. Multivariate analysis included  socio-demographic variables and medical comorbidity, which were significant in the univariate analysis. The Cox model was further used to estimate sex-specific aHRs using men without DM as the reference group, and age-specific aHRs using 20-29 years old subjects without DM as the reference group. A plot of the Kaplan-Meier survival analysis was used to demonstrate the probability of remaining individuals free from AC, and the logrank test was used to test the difference between the two cohorts. All analyses were accomplished using SAS statistical software (Version 9.1 for Windows; SAS Institute, Inc., Cary, NC, USA). Hazard ratios are presented with 95% confidence intervals, and p-values are two-tailed.

Results

Subjects characteristics, incidence of adhesive capsulitis

Proportional distributions revealed more male subjects, but the difference was insignificant (Table 1). Compared to comparisons, DM patients were older, less white collar (45.5% vs. 56.9%) and living in urban area (64.1% vs. 67.5%), had lower income (32.8% vs. 41.6%) and more prevalent with comorbidities including stroke (18.5% vs, 5.2%), hypertension (52.6% vs. 9.7%), hyperlipidemia (37.8% vs. 3.7%), obesity (1.4% vs. 0.2%) and COPD (4.4% vs. 0.9%),  

Table 2 presents the incidence density of frozen shoulder in the cohorts, as well as their comparison with respect to socio-demographic characteristics and comorbidity. From 2001 to 2008, cumulative incidence rates of AC were 10.8% (553/5,109) and 3.75% (768/20,473) for the study and comparison cohorts, respectively. The corresponding incidence density of AC in the study cohort was 3.08 times higher than that in the comparison cohort (146.9 vs. 47.7 per 10,000 person-years). The incidence was higher in females than in males and increased with age in both cohorts. But, the age-specific diabetes cohort to comparison cohort incidence rate ratio was the highest in subjects of 30-39 years old. The risk ratio was greater in low insurance payers. Table 2 also shows the incidence rate ratio was higher in those without comorbidity than those with comorbidity. 

Hazards of adhesive capsulitis 
Table 3 shows the hazard ratio (HR) of AC in association with DM in univariate and multivariate models. The HR of AC for patients with DM was significantly high in the univariate analysis. The HR of AC was 1.67 (95% CI: 1.46-1.91, p <0.001) in the multivariate analysis, after adjusting for age, premium based income, stroke, hypertension, hyperlipidemia, obesity and COPD. The HR of AC increased dramatically to comparatively high levels from the 40-49 years old group onward in circumstances with and without adjustments of socio-demographic characteristics and comorbidity. Persistently higher risks of AC in female subjects (HR = 1.57, 95% CI: 1.41-1.76, p <0.001), as well as those with high incomes (HR = 1.69, 95% CI: 1.47-1.95, p <0.001), were observed even after adjustment of all socio-demographic characteristics and comorbidity in the multivariate analysis. This model also reveals that only hyperlipidemia was a significant independent risk factor for AC (HR = 1.29, 95% CI: 1.11-1.49, p <0.001). Stroke, hypertension, obesity and COPD were associated with significantly higher HRs of AC only in the univariate analysis.

A plot of the Kaplan-Meier analysis reveals that the AC-free probability progressively decreased over time in the study cohort relative to the comparison cohort, 9 percent lower for the diabetes cohort after 9-year follow-up (Log-rank test: p<0.0001) (Figure 1).

After the adjustment of other sociodemographic characteristics and comorbidity, the risk of AC for female DM subjects was observed to be 2.62-fold higher than that for male non-DM subjects (Table 4). Compared with non-DM subjects aged 20 to 29 years, the HR of AC for both cohorts increased with increasing age. The adjusted HR of AC in DM subjects increased to 5.74 (95% CI: 3.68-8.97) and 12.8 (95% CI: 8.97-18.2) for the age groups ages 30 to 39 years and > 70 years, respectively. DM subjects generally recorded higher HRs of AC compared to non-DM subjects in all age groups. 
Discussion

The present study, which featured population-based cohort analyses, found that the incidence of AC in DM patients is considerably higher than in the non-DM cohort. The prevalence of AC (12.4%) in our DM subjects is between those found in Type 1 (10.3%) and Type 2 DM (22.4%) subjects reported by Arkkila et al in a study involving 291 Type 1 and 134 Type 2 DM subjects [7], similar to that (14.7%) reported by Aydeniz et al. in a study of 102 Type 2 DM patients [8], and more close to that (10.8%) of a study involving 800 DM patients (23% insulin dependent) reported by Bridgman [4]. Further data analysis by type of DM in our study showed that the incidence of AC was higher in type 1 DM patients than in type 2 DM patients (164.4 vs. 145.8 per 10,000 person-years) (data not shown). The similarities of the incidence and prevalence of AC in DM patients between our present Oriental study and past Western studies, may suggest similar global trend of AC risk in DM patients. The risk of AC consistently increases in DM patients despite different socio-demographic status and co-morbidity, as demonstrated by the persistent increase in corresponding incidence rate ratios for all these variables. 

In the uncontrolled analysis, stroke, hypertension, and hyperlipidemia, obesity and COPD were all observed to be risk factors for AC. These preliminary findings are compatible with a previous report which found adhesive capsulitis as a cause of hemiplegic shoulder pain in patients with stroke [9], and agree with another study which found the association of obesity and smoking with shoulder pain and/or stiffness in univariate analysis [10]. However, only hyperlipidemia remained a significant risk following adjustments for sociodemographic status and co-morbidity. Hyperlipidemia is suggested to be an underlying risk factor for stroke and hypertension [11, 12]. Elevated serum triglyceride and cholesterol levels were found in patients with frozen shoulder [13]. Our study suggests that hyperlipidemia is an independent risk factor of AC in DM subjects. This risk increment may be possibly related to the vascular complications of DM. Cumulative detrimental effects of hyperlipidemia on tendon properties were found [14]. Increased risk of rotator cuff disease in patients with hypercholesterolemia is possible [15] and lead to secondary frozen shoulder [16]. Furthermore, patients taking hydroxymethylglutaryl coenzyme A (HMG-CoA) reductase inhibitors have an increased risk of shoulder stiffness [17] that may predispose to AC. 

The pathology of AC was also observed to involve a process of fibrosis, increased vascularity, and low-grade inflammation, similar to those observed in Dupuytren’s diseases of the hand [18]. Subsequent study also observed significant associations between AC and Dupuytren’s diseases, and AC and limited joint mobility in DM patients [19].

Although the pathogenesis of AC in DM patients is not clearly understood yet, the induction of fibrosis by the proliferation of several cell types [20, 21], as well as alterations in quality and quantity of extracellular matrix in a variety of DM patient’s tissues were found [22]. The increased expression of vascular endothelial growth factor and angiogenesis in the diabetic AC has been observed as well [23]. Previous reports also suggested the immunological pathogenesis of AC [24], and DM [25-27]. It is possible that these two conditions are interrelated. The risk association is significantly greater in all women, as demonstrated by their persistently higher AC hazard ratios, regardless of whether or not adjustments to their socio-demographic status and co-morbidity are made. This finding is compatible with a previous study that found that females are associated with a number of hand or shoulder syndromes [28].

DM and the female gender as risk factors for AC are again confirmed by the attainment of the highest hazard ratio difference when female diabetic subjects were compared to male non-diabetic subjects (Table4). The risk for AC increases with age in circumstances with and without adjustments to socio-demographic status and comorbidity (Table 3). A plot of the Kaplan-Meier analysis shows that the AC-free probability markedly decreased with time in the DM cohort in comparison to the comparison cohort. This suggests that the risk of AC increases remarkably with time in DM subjects. These findings are in accordance with previous studies that determined the increased risk of AC in DM patients with older ages [7, 19]. Compared with non-DM subjects aged 20 to 29 years, the HR of AC of both cohorts increased with age, with DM subjects attaining a higher risk in all age groups. The rate of increase HR of AC in DM subjects was more abrupt from the 3rd decade to 5th decade and then remains at a relatively high level. These findings suggest that DM subjects generally possess higher risks of AC development from adulthood to their 5th decade then remain at relative high risk status with aging. Another report from Arkkila et al [29] further supports the findings of the present study. The higher risks of AC observed in subjects with higher incomes cannot be clearly explained as of yet. It is speculated that income-related changes in dietary intake may play a role in the increase risk of DM and AC as well. Further investigations are required to clarify this issue.
The present study includes a number of strengths. The dataset is composed of nationwide population-based claims with little selection bias, lower loss follow-up rates, and convenient access to longitudinal records of different geographically distributed subjects. Such a large sample size of study also renders stratification analyses possible and effective. 

However, several limitations are present in the study as well. First, misclassification biases may occur because of the study’s exclusive reliance on registry-based data for diagnoses. Information on factors associating with DM and risk of AC is not available in the retrospective design and biases may affect the selection of comparisons. The likelihood of DM misclassification was reduced by enrolling subjects with at least three diagnostic records of DM in the year 2000. AC is a common disease of the general population, posing little difficulty in diagnosis and coding. Further, the insurance bureau randomly samples a fixed percentage of claims from each hospital annually to verify the validity of diagnoses and the quality of care through chart reviews conducted by an independent peer review group. Any discrepancies are subjected to heavy penalties by the bureau. Second, although the existence of unclear differentiations between Type 1 and Type 2 DM subjects has been explained in the study, a previous study reported that Type 1 DM patients account for merely 1.8% of all DM patients in Taiwan [30]. Consequently, the risks of AC estimation for DM patients in the present study may more appropriately describe the risks of Type 2 DM subjects in Taiwan. Third, variables that may modify the risk of AC, such as cigarette smoking, body mass index, physical activity level, blood sugar levels, and HbA1c values were unavailable in the database. We make up for this inadequacy by including obesity and COPD in the baseline comorbidity. The associations of these variables to the risk of AC in DM subjects require further studies.

In summary, an eight-year study period revealed that DM subjects in Taiwan are at an increased risk of AC; the risk increases particularly for female subjects and older age groups. The presence of hyperlipidemia, which often accompanies DM, independently intensifies this risk. Disturbed glucose and lipid metabolism may be the underlying mechanisms for the increase of risk. Adequate DM and glycemic control may reduce the incidence of AC, although it cannot be confirmed in our present study. These findings have important implications for the comprehensive management of DM subjects, as AC causes profound upper limb disability-related impairment of daily activities and decreases the working ability and quality of lives of DM subjects. With this in mind, health education, proper therapeutic exercise [31], avoidance of unfavorable shoulder postures and prolong immobility [32], may prevent high-risk patient groups to develop AC and its consequent adverse health and economic sequelae. Such measures are very important in the comprehensive care of DM subjects. 
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	Table 1. Distribution of socidemographic characteristics and baseline comorbidity between DM and non-DM cohort

	
	Diabetes
	

	
	No
N=20,473
	
	Yes
N=5,109
	

	
	n
	%
	
	n
	%
	p-value

	Gender
	
	
	
	
	
	0.38

	Female
	10,472
	51.1
	
	2,648
	51.8
	

	Male
	10,001
	48.9
	
	2,461
	48.2
	

	Age, years  
	
	
	
	
	
	<0.0001

	20-29
	6,253
	30.5
	
	125
	2.5
	

	30-39
	5,670
	27.7
	
	511
	10.0
	

	40-49
	4,450
	21.7
	
	1,182
	23.1
	

	50-59
	1,840
	9.0
	
	1,274
	24.9
	

	60-69
	1,239
	6.1
	
	1,146
	22.4
	

	≥70
	1,021
	5.0
	
	871
	17.1
	

	Occupation 
	
	
	
	
	
	<0.0001

	White collar
	11,647
	56.9
	
	2,325
	45.5
	

	Blue collar
	6,908
	33.7
	
	2,228
	43.6
	

	Others
	1,918
	9.4
	
	556
	10.9
	

	Premium based income
	
	
	
	
	
	<0.0001

	<15,840
	8,509
	41.6
	
	1,675
	32.8
	

	15,840-19,200
	6,821
	33.3
	
	2,235
	43.8
	

	>19,200
	5,143
	25.1
	
	1,199
	23.5
	

	Urbanization†
	
	
	
	
	
	<0.0001

	  Low
	2,353
	11.6
	
	744
	14.7
	

	  Moderate
	4,258
	20.9
	
	1,078
	21.3
	

	  High
	13,725
	67.5
	
	3,247
	64.1
	

	Stroke
	1,061
	5.2
	
	943
	18.5
	<0.0001

	Hypertension
	1,976
	9.7
	
	2,686
	52.6
	<0.0001

	Hyperlipldemia
	754
	3.7
	
	1,930
	37.8
	<0.0001

	Obesity 
	36
	0.2
	
	73
	1.4
	<0.0001

	COPD 
	190
	0.9
	
	223
	4.4
	<0.0001


†There are 137 and 40 observations of non-diabetes and diabetes patients missing, respectively, in urbanization and regional classification.

NTD, 32.0-34.0 New Taiwan Dollars is about 1.0 USD. 
	Table 2. Numbers and incidence densities of AC in patients with diabetes and a comparison cohort of non-diabetic patients by sociodemographic characteristics and baseline co-morbidity.

	
	Diabetes
	

	
	No
	
	Yes
	

	
	Case
	Person-year
	 Rate†
	
	Case
	Person-year
	 Rate†
	Ratio
	(95% C.I.)

	All 
	768
	161,012 
	47.7 
	
	553
	37,640 
	146.9 
	3.08
	(2.76,3.44)

	Gender
	
	
	　
	
	
	
	　
	
	

	Female
	456
	79,106 
	57.6 
	
	318
	18,326 
	173.5 
	3.01
	(2.61,3.47)

	Male
	312
	81,905 
	38.1 
	
	235
	19,314 
	121.7 
	3.19
	(2.70,3.78)

	Age, years  
	
	
	　
	
	
	
	　
	
	

	20-29
	57
	49,918 
	11.4 
	
	2
	1,038 
	19.3 
	1.69
	(0.41,6.91)

	30-39
	117
	45,398 
	25.8 
	
	31
	4,131 
	75.0 
	2.91
	(1.96,4.33)

	40-49
	275
	35,659 
	77.1 
	
	133
	9,162 
	145.2 
	1.88
	(1.53,2.32)

	50-59
	147
	14,344 
	102.5 
	
	171
	9,612 
	177.9 
	1.74
	(1.39,2.16)

	60-69
	111
	9,381 
	118.3 
	
	121
	8,332 
	145.2 
	1.23
	(0.95,1.59)

	≥70
	61
	6,312 
	96.6 
	
	95
	5,365 
	177.1 
	1.83
	(1.33,2.53)

	Occupation 
	
	
	
	
	
	
	
	
	

	White collar
	411
	91,758 
	44.8 
	
	270
	17,415 
	155.0 
	3.46
	(2.97,4.04)

	Blue collar
	295
	54,421 
	54.2 
	
	216
	16,423 
	131.5 
	2.43
	(2.04,2.89)

	Others
	62
	14,833 
	41.8 
	
	67
	3,801 
	176.3 
	4.22
	(2.99,5.96)

	Premium based income 
	
	
	　
	
	
	
	　
	
	

	<15,840
	220
	68,385 
	32.2 
	
	189
	11,806 
	160.1 
	4.98
	(4.10,6.04)

	15,840-19,200
	288
	51,440 
	56.0 
	
	227
	16,617 
	136.6 
	2.44
	(2.05,2.90)

	>19,200
	260
	41,187 
	63.1 
	
	137
	9,217 
	148.6 
	2.35
	(1.91,2.90)

	Urbanization
	
	
	
	
	
	
	
	
	

	  Low
	80
	18,285 
	43.8 
	
	69
	5,395 
	127.9 
	2.92
	(2.12,4.03)

	  Moderate
	163
	33,088 
	49.3 
	
	116
	7,946 
	146.0 
	2.96
	(2.34,3.76)

	  High
	523
	108,507 
	48.2 
	
	362
	24,002 
	150.8 
	3.13
	(2.74,3.58)

	Stroke
	
	
	　
	
	
	
	　
	
	

	  No
	695
	153,478 
	45.3 
	
	443
	31,233 
	141.8 
	3.13
	(2.78,3.53)

	  Yes
	73
	7,533 
	96.9 
	
	110
	6,407 
	171.7 
	1.77
	(1.32,2.38)

	Hypertension
	
	
	　
	
	
	
	　
	
	

	  No
	608
	146,556 
	41.5 
	
	239
	18,260 
	130.9 
	3.16
	(2.72,3.66)

	  Yes
	160
	14,456 
	110.7 
	
	314
	19,380 
	162.0 
	1.46
	(1.21,1.77)

	Hyperlipldemia
	
	
	　
	
	
	
	　
	
	

	No
	693
	155,111 
	44.7 
	
	315
	22,846 
	137.9 
	3.09
	(2.70,3.53)

	Yes
	75
	5,901 
	127.1 
	
	238
	14,794 
	160.9 
	1.27
	(0.98,1.64)

	Obesity 
	
	
	
	
	
	
	
	
	

	No
	765
	160,734
	47.6
	
	543
	37,082
	146.4
	3.09
	(2.76-3.45)

	Yes
	3
	278
	107.9
	
	10
	558
	179.2
	1.65
	(0.46-6.00)

	COPD 
	
	
	
	
	
	
	
	
	

	No
	753
	159,817
	47.1
	
	524
	36,210
	144.7
	3.08
	(2.76-3.44)

	Yes
	15
	1,195
	125.5
	
	29
	1,430
	202.8
	1.61
	(0.86-3.00)


†per 10,000 person-years

	Table 3. Hazard ratios of AC in association with DM in univariate and multivariate Cox hazard proportional analyses 

	Variables
	Univariate
	Multivariate† 

	
	HR
	(95% CI)
	HR
	(95% CI)

	DM vs. no DM
	3.09
	(2.77-3.45)***
	1.67
	(1.46-1.91)***

	Female vs. male
	1.47
	(1.32-1.64)***
	1.57
	(1.41-1.76)***

	Age 
	
	
	
	

	20-29
	1.00
	(reference)
	1.00
	(reference)

	30-39
	2.58
	(1.91-3.49)***
	2.32
	(1.71-3.15)***

	40-49
	7.87
	(5.99-10.3)***
	6.43
	(4.85-8.53)***

	50-59
	11.5
	(8.70-15.2)***
	8.09
	(6.03-10.8)***

	60-69
	11.4
	(8.54-15.1)***
	7.71
	(5.69-10.4)***

	≥70
	11.7
	(8.65-15.8)***
	8.06
	(5.86-11.1)***

	Occupation 
	
	
	
	

	White collar
	0.90
	(0.75-1.09)
	--
	

	Blue collar
	1.04
	(0.86-1.26)
	--
	

	Others
	1.00
	(reference)
	1.00
	(reference)

	Premium based income
	
	
	
	

	<15,840
	1.00
	(reference)
	1.00
	(reference)

	15,840-19,200
	1.48
	(1.30-1.69)***
	1.18
	(1.03-1.34)*

	>19,200
	1.54
	(1.35-1.77)***
	1.69
	(1.47-1.95)***

	Urbanization
	
	
	
	

	  Low
	1.00
	(reference)
	1.00
	(reference)

	  Moderate
	1.08
	(0.87-1.32)
	--
	

	  High
	1.06
	(0.89-1.26)
	-
	

	Stroke vs. no stroke
	2.14
	(1.83-2.50)***
	1.03
	(0.87-1.22)

	Hypertension vs. 

no hypertension
	2.74
	(2.45-3.06)***
	1.04
	(0.90-1.20)

	Hyperlipldemia vs. 

no hyperlipedemia
	2.67
	(2.36-3.04)***
	1.29
	(1.11-1.49)***

	Obesity vs. no obesity
	2.35
	(1.36-4.06)***
	1.42
	(0.82-2.46)

	COPD vs. no COPD
	2.59
	(1.92-3.50)***
	1.17
	(0.86-1.59)


† adjusted for socio-demographics and comorbidity;*p< 0.05, ***p< 0.001

Table 4. Gender- and age-specific risk for AC in association with DM

	Variables
	Diabetes

	
	No
	Yes

	Gender†
	HR
	(95% CI)
	HR
	(95% CI)

	Female
	1.64
	(1.42-1.90)***
	2.62
	(2.20-3.13)***

	Male
	1.00
	(reference)
	1.77
	(1.47-2.12)***

	Age, years‡
	
	
	
	

	20-29
	1.00
	(reference)
	1.49
	(0.36-6.10)

	30-39
	2.11
	(1.53-2.91)***
	5.74
	(3.68-8.97)***

	40-49
	6.23
	(4.65-8.35)***
	10.8
	(7.80-15.0)***

	50-59
	8.11
	(5.92-11.1)***
	12.6
	(9.17-17.4)***

	60-69
	9.40
	(6.77-13.1)***
	10.4
	(7.40-14.5)***

	≥70
	7.87
	(5.43-11.4)***
	12.8
	(8.97-18.2)***


†Adjusted for age, income, stroke, hypertension, hyperlipidemia, obesity and COPD

‡Adjusted for sex, income, stroke, hypertension, hyperlipidemia, obesity and COPD

***p<0.001

Figure 1. Proportion of subjects free from adhesive capsulitis in the follow-up period in diabetes patients and the comparison cohort
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