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Background and Aim

Trigger finger (TF) or stenosing tenosynovitis has been associated with diabetes mellitus (DM), although today’s knowledge is mostly based on cross-sectional and case-control studies. Thus, the aim of the present population-based cohort study over more than 20 years was to investigate DM as a risk factor for TF.



Methods

Data from Malmö Diet and Cancer Study (MDCS), including 30,446 individuals, were analysed with regards to baseline DM and known or potential confounders. Information regarding TF diagnosis until study end date of Dec 31st, 2018, was retrieved from the Swedish National Patient Register (NPR) using ICD-codes. Survival probability was investigated in Kaplan-Meier plots. Cox proportional hazard regression model was used to evaluate DM as risk factor for TF, adjusted for several confounders and presented as Hazard Ratio (HR) with 95% confidence intervals (CI).



Results

At baseline, 4.6% (1,393/30,357) participants had DM. In total, 3.2% (974/30,357) participants were diagnosed with TF during the study period. Kaplan-Meier plot showed that the probability for incident TF was significantly higher in participants with baseline DM compared with individuals without baseline DM. Adjusted HR for DM as risk factor for TF was 2.0 (95% CI: 1.5-2.6, p<0.001).



Conclusion

This longitudinal study showed that DM is an important risk factor for developing TF. When adjusting for sex, age, BMI, manual work, statin use, smoking and alcohol consumption, DM remained the main risk factor for TF.
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Introduction

Diabetes Mellitus (DM) is one of modern time’s most challenging long-term public health challenges, both in terms of individual suffering and health care economics. The number of patients diagnosed with diabetes mellitus type 1 (T1D) and type 2 (T2D) is rapidly increasing (1). Complications caused by DM include a wide variety of disorders, where cardiovascular complications, nephropathy, neuropathy, and retinopathy are the most studied. Less studied is “the diabetic hand”, which includes trigger finger (TF), Dupuytren’s disease with contracture of the finger joints (DC), limited joint mobility (LJM), carpal tunnel syndrome (CTS) and ulnar nerve entrapment (UNE) (2). Individuals with DM are also more likely to suffer from bilateral involvement and multiple disorders (3).

Trigger finger (TF), also known as stenosing tenosynovitis, tenovaginitis or digitus saltans, is a condition where the flexor tendon is obstructed in its tendon sheath at the first annular (A1) pulley. This results in a locking phenomenon, and the affected finger can only be extended with additional force or passive manipulation, which can be painful. The thumb and the ring finger are most affected, followed by the long finger (4–6). There is no known cause of TF, and its pathogenesis is not completely defined (7). Treatment options include intra- or extra synovial corticosteroid injection and percutaneous or open surgical release of the A1 pulley (7–9).

The prevalence of TF is approximately 1-2% in the general population (10, 11). Women are affected twice as often as men and prevalence peaks in ages 50 to 59 years (10). Prevalence rates and the risk for TF in individuals with DM are not conclusive, ranging from 1.5% to 20% depending on the group studied (5, 11–13). Our aim of the present population-based cohort study over more than 20 years, was to investigate the impact of DM as a risk factor for TF, using the large Malmö Diet and Cancer study (MDCS) cohort in southern Sweden.



Materials and Methods


Study Design

In the Malmö Diet and Cancer Study (MDCS) cohort, participants with DM at baseline were identified. Incident TF diagnosis during the study period was identified using the Swedish National Patient Register (NPR). The outcome, using the statistical method described below, was the probability for incident TF in participants with baseline DM compared with individuals without baseline DM. In this study, we did not use data collected during and/or at the end of the study period, therefore exposure during the study period was not included. Potential confounders included in this study are age, sex, BMI, manual work, statin use, smoking habits, and alcohol consumption. Potential sources of bias include selection, detection and reporting bias and are described in more detail in section 4.1 Strengths and Limitations.



Study Population

The present data was retrieved from the Malmö Diet and Cost Study (MDCS) cohort. The initial objective with MDCS was to study the association between diet and development of cancer (14). Participants in the MDCS were recruited during 1991-1996 in Malmö, a city in southern Sweden of approximately 250 000 inhabitants (15). Participants were 44-74 years old when recruited; 60% being women. Participants provided information regarding their work life, socio-economic situation, heredity, lifestyle, diet, and medical history in a questionnaire, a 7-day food diary, and a 45-60 min diet history interview. Blood samples as well as blood pressure, height and weight, lean body mass and body fat mass, were collected at baseline.



Baseline Definitions

Age was defined as the participant’s age at enrollment in the MDCS. Body mass index (BMI) was calculated from data collected at enrollment and expressed in kg/m2. Prevalent DM was defined based on the participant’s questionnaire, if medical history stated a DM diagnosis or the use of antidiabetic medication, or if the participant had fasting plasma glucose concentration ≥ 7.0 mmol/L. Information regarding baseline DM was also retrieved from several other registries, previously described in detail (16). Manual work was based on free text answer in the participant’s questionnaire and classified using the Nordic standard occupational classification (17), which has been previously described for the MDCS cohort (15). Statin use included simvastatin, pravastatin and fluvastatin and was based on the participant’s questionnaire and the 7-day food diary. Smoking habits were collected from the participant’s questionnaire. Current smokers were defined as regular or occasional smokers. Previous smokers were split into regular and occasional smokers using the ratio from the current smoker group above, and number of cigarettes per day was assumed using the mean value of regular and occasional smokers. Smoking habits is presented as pack years; number of cigarettes smoked per day divided by 20 multiplied by numbers of years smoked. Alcohol consumption was based on the participant’s questionnaire and was converted into g/day.



End Point Definition

End point was either incident TF diagnosis, death, emigration, or end of study Dec 31st, 2018. Information regarding prevalent and incident TF diagnosis was retrieved from the Swedish National Patient Register (NPR). International Statistical Classification of Diseases and Related Health Problems (ICD) version 8, 9 or 10 codes 731.02, 727X, 727A and M653 were used as diagnosis codes for TF. Diagnosis was made by hospital-based physicians, mainly by orthopaedic and hand surgeons, whereas TF diagnoses from primary health care were not included in NPR.



Statistical Methods

Participants with a prevalent TF diagnosis at baseline or with missing information regarding start date and/or BMI were excluded from further analysis. Age was normally distributed and presented as mean with standard deviations (SD). When comparing age in the group free from incident TF with the group with incident TF, the independent t-test was used. BMI, pack years for smokers and previous smokers, and alcohol consumption were not normally distributed and are presented as median with interquartile range [IQR]. For these parameters, the Mann-Whitney U test was used when comparing the incident free group with the incident TF group. For categorical variables, i.e., sex, prevalent DM, manual work and statin use, proportion (%) was used, and the Chi-squared test was used for group comparisons.

Data was analysed and presented as survival probability and hazard probability, using the Kaplan-Meier and Cox proportional hazard (PH) regression methods (18). A log-rank test was used to compare survival probability for participants with prevalent baseline DM with those without prevalent baseline DM. However, the Kaplan-Meier method gives no estimate of the actual impact of DM, and there is no possibility to assess the impact of confounders. Thus, Cox proportional hazard (PH) regression model was also used in the survival analysis (19), where hazard ratio (HR) was reported with a 95% confidence interval (CI). The included confounders were sex, age, BMI, manual work, statin use, alcohol consumption and smoking habits. Sex and age were selected to adjust for differences in the compared groups. BMI is a potential risk factor for TF (20, 21) as well as statin use (22, 23). HR was firstly assessed for each covariate in separate univariate Cox PH regression models. Then, several multivariate Cox PH regression models were used to investigate how the covariates would affect the HR for incident TF in relation to prevalent baseline DM. The assumption of proportional hazard was assessed by log-log plots and visual assessment of Kaplan-Meier curves and no violation was found.

All statistical analyses were performed using IBM SPSS Statistics version 26 (SPSS Inc., Chicago, IL, USA) and p < 0.05 was considered significant.



Ethics Approval Statement

For both this study and the original study, the ethical application was approved by the Regional Ethical Review Board in Lund, Sweden (DNR: LU51-90; 2009-633; 2019-01439) and carried out in accordance with the World Medical Association’s Declaration of Helsinki.




Results

The total number of participants in the MDCS was 30,446. Participants, where start date and/or BMI were missing, were not included in further analysis (n=58). The same was applied for participants who were already diagnosed with TF (n=31) when they were recruited to the MDCS (Figure 1).




Figure 1 | Derivation of the study cohort from Malmö Diet and Cancer study. Flow chart showing exclusion criteria and data availability for individuals included in the multivariate analysis. TF, Trigger finger; BMI, body mass index; DM, diabetes mellitus.




Baseline Characteristics

Mean age for all individuals was 57.5 (SD 7.6) years and 40% (12,085/30,357) were male. BMI was median 25.8 [5.0] kg/m2. At baseline, there were 1,393/30,357 (4.6%) participants with prevalent DM.

In the MDCS, information regarding statin use was available for 67% (20,445/30,357) and 3.2% (655/20,445) used statins. Information regarding manual work was available for 93% (20,266/30,357) of the participants and 38% (10,631/20,266) were classified as manual workers, Data regarding smoking habits defined as pack years was available for 90% (27,450/30,357) of the cohort, and smoking participants had smoked for a median of 6.8 [18.4] pack years. Data on alcohol consumption was available in 93% (28,160/30,357), and median alcohol consumption was 7.2 [13.7] g/day.



End-Point Data

In total, 263 individuals left the study before end date of Dec 31st, 2018, due to emigration, and 12,609 individuals passed away during the study period. Median follow-up time for individuals without prevalent DM at baseline was 23.3 [7.1] years. For individuals with prevalent DM at baseline, median follow-up time was 18.3 [12.6] years.



Results for Trigger Finger

In total, 974 individuals were diagnosed with TF during the study period. Individuals with incident TF were younger, more likely to be female, had higher BMI and more often had DM. There were no differences in proportion with manual work, statin use, alcohol consumption and smoking habits between the two groups (Table 1).


Table 1 | Characteristics for individuals in the Malmö Diet and Cancer Study, without trigger finger (TF) and with incident TF.



Kaplan-Meier survival probability plots showed that the cumulative probability of TF incidence was higher for individuals with baseline DM compared with individuals without baseline DM (log-rank test p < 0.0001) (Figure 2).




Figure 2 | Kaplan-Meier plots for trigger finger, with and without diabetes mellitus at baseline. Log-rank test for difference in survival probability for TF with or without baseline DM is p < 0.001. The difference between the curves is proportional at all times. Individuals are censored if they leave the cohort before the end date due to emigration or death. TF, Trigger finger; DM, diabetes mellitus.



Baseline DM resulted in increased HR in the univariate Cox PH regression model (HR 2.27; 95% CI: 1.8-2.87; p<0.001). Female sex and higher BMI also resulted in an increased HR (HR 1.36; 95% CI; 1.19-1.56; p<0.001 and HR 1.03; 95% CI 1.02-1.05; p<0.001). Higher age resulted in a decrease in HR (HR 0.98; 95% CI: 0.98-0.99; p<0.001). Manual work, statin use, smoking habits and alcohol consumption did not affect HR. In the first multivariate Cox PH regression model, with DM as the covariate, HR remained significantly increased when separately adjusting for sex, age, manual work, BMI, statin use, alcohol consumption and smoking habits (Table 2). When simultaneously adjusting for all confounders, HR remained significantly (HR 2.00; 95% CI: 1.51-2.63; p<0.001).


Table 2 | Cox proportional hazard regression model for trigger finger, without and with confounders.






Discussion

The present observational, longitudinal study showed that DM is an important risk factor for developing TF. When sex, age, BMI, manual work, statin use, smoking and alcohol consumption were added as confounders in the multivariate model, DM remained the main risk factor for TF. Our findings add to the previous knowledge where DM has been associated with a higher incidence of TF (5, 11, 13). This further strengthens the need for including recurring, systematic hand examinations in modern diabetes care.

DM is associated with several mechanisms which could explain the increased risk of developing TF. The flexor tendon and A1 pulley can both be affected by diabetes complications. Formation of advanced glycation end products (AGEs) is the result of hyperglycaemia induced non-enzymatic reaction between glucose and proteins (24, 25). AGEs create pathological collagen cross-links, and are accumulated in tissue with slow turn over, such as tendons (25). The result is a thicker, stiffer, and tougher tendon (23–26).

Furthermore, dysregulation of inflammatory mediators in tendinopathy has been shown in T2D, together with increased apoptosis and formation of fibrous tissue (27). Increased levels of growth factors, disturbed signalling pathways and disrupted interactions in extracellular matrix (ECM) are involved in both types of DM, which might contribute to the development of several hand disorders in the diabetic hand, including TF (26–29).

Individuals with T1D are typically younger at onset than individuals with T2D, and hand complications in individuals with T1D decrease with better glycaemic control (30, 31). A potential long period of insulin resistance, hyperinsulinemia, and dyslipidaemia before a T2D diagnosis, might also contribute to the development of hand disorders (32, 33). It is difficult to assess any differences between T1D and T2D in hand disorders, as many studies lack this information, which is a limitation also for this study. However, studies including only people with T1D or T2D, or reporting their results clearly separated for types of DM, have shown that duration is associated with development of hand disorders in both types of diabetes (34–38).

Besides DM as a risk factor for TF, we also investigated several other known and potential TF risk factors, including age, female sex, BMI, manual work, statin use, and any inflammatory response caused by smoking and/or alcohol consumption. The purpose was to find any other strong associations which should be considered in the multivariate analysis in order to define the impact of DM as a risk factor. We found an increased risk for TF associated with female sex and increased age. Oestrogen and progesterone have previously been shown to be involved in tendon metabolism and healing (32). In this study, with 60% female participants in the MDCS, sex was thus an important confounder when assessing the impact of DM as a risk factor. Age is a known risk factor for TF and could partly be explained with the accumulation of AGEs as a result of normal aging (39). We also observed a small increased HR with BMI as the only covariate. As people with prevalent T2D at baseline show a higher mean BMI, the increased risk could at least partly be explained by the increased risk from DM. However, there could also be a link between higher BMI with potential insulin resistance, hyperlipidaemia, and tendinopathy (40, 41). The role of manual work in the development of TF is controversial, as evidence of job exposure might lead to compensation claims. While biomechanical stressors are associated with TF, age, gender, and medical history are also risk factors (42). Tendinopathy is a known side effect from statin use and was therefore considered a confounder in this study (22, 23). We did not find any correlation with manual work or statin use in this study.

As shown in the present study, there is evidence that DM could be a considerable risk factor for TF. We have chosen to use the term risk factor instead of risk marker, even though we cannot provide true causal evidence according to Bradford Hill’s criteria (43). As described above, previous studies have suggested several ways in which DM affects the tendon and ECM, indicating that there could be a causal relationship. We have also adjusted for other potential causal confounders, which further motivate using the term risk factor.

DM is also a risk factor for development of several other hand disorders that are included in the diabetic hand. Recent studies, including unpublished material, have shown that DM is a risk factor for CTS, UNE, and DC, using the same cohort data as this study (44). However, the cause for this increased risk in people with DM has yet to been proven, where hand disorder prevalence, disease development and severity are most heterogeneous. Further research is needed to determine and explain a causal link between DM and hand disorders, preferably including data regarding type of DM, duration, and glycaemic control.


Strengths and Limitations

This study has limitations, where lack of information regarding type of DM and DM duration may be the most important ones. Data was collected in the MDCS in the beginning of the 1990s, often described DM as insulin-dependent or non-insulin-dependent. This was practice then and can be seen in other studies as well. In this study, if the participant had a DM diagnosis when recruited to the MDCS, this was defined as baseline DM and duration was not known. Associations with glycaemic control has been shown in other studies (12, 34, 36); unfortunately, this information was not available for all participants included in this study.

Potential bias in this study include detection, selection and reporting bias. Participants in the MDCS with baseline DM would be included in diabetes treatment programs, which might result in TF detection bias, resulting in a higher detection rate for TF as the participants with DM regularly see health care professionals. On the other hand, there was no selection bias when recruiting participants to MDCS cohort, as hand diagnosis were not included in the original scope of the MDCS. Selection bias in the MDCS cohort have been previously described, where participants had a lower mortality compared with controls (45). It is unlikely that this would affect the TF ratio in comparison with the control group. Reporting bias can probably be neglected as TF diagnosis were reported to the NPR without any correlation to the MDCS.

Regarding the statistical method, it is unclear how the large number of censored participants in the Cox PH regression model affects the results. In the statistical model, confounders were chosen based on previous knowledge regarding risk factors for TF together with data availability in the MDCS. Consequently, confounders might be missing due to lack of knowledge and/or data availability.

This study also has several strengths. The MDCS included data from more than 30,000 participants. Participants ages and the follow-up period were relevant for TF, where prevalence increases with age (4). Relevant confounders, such as age, sex, BMI, manual work, statin use, smoking habits, alcohol consumption, were included in the Cox PH regression model.



Conclusions

In conclusion, the present study showed that DM is an important risk factor for developing TF. When sex, age, BMI, manual work, statin use, smoking and alcohol consumption were added as confounders, DM remained the main risk factor for TF.
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