Association between statin-use and mobility and long-term survival after major lower limb amputation
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Mini-Abstract

This exploratory retrospective study aimed to determine if there is an association between statin-use and mobility, and survival after amputation for lower limb arterial disease in patients who received rehabilitation therapy. There was a strong association between statin-use, improved mobility, and longer survival. 
Abstract

Aim: The aim of this study was to determine if there is an association between statin-use and prosthetic mobility and long-term survival in patients receiving rehabilitation after major amputation for lower limb arterial disease.
Methods: A retrospective analysis of prospectively maintained data (2008-2020) from a centre for rehabilitation was performed. Patients were grouped by statin-use status and sub-grouped by the combination of statin and antithrombotic drugs (antiplatelets or anticoagulants). Outcomes were prosthetic mobility (SIGAM score, timed-up-go and 2-minute walking distance) and long-term survival. Regression, Kaplan-Meier and Cox-proportional hazard analyses were performed to test associations adjusted to confounders. 
Results: Of 771 patients, 499 (64.7%) were on a statin before amputation or prescribed a statin peri-operatively. Rate of statin-use was significantly lower among female (53.3%) compared to male (68.2%) patients, p<0.001. Statin-use was associated with significantly better prosthetic independence (53.1% vs 44.1%, p=0.017), timed-up-go (mean difference of 4 seconds, p=0.04) and long-term survival HR 0.59 (0.48-0.72, p<0.001). Significance persisted after adjusting for confounding factors and in subgroup analyses. The combination of statin with antiplatelet was associated with the most superior survival, HR 0.51 (0.40-0.65, p<0.001). Sensitivity analysis (exclusion of non-users of prosthesis) showed that statin-use remained a significant indicator of longer survival, maximally when combined with antiplatelet use HR 0.52 (0.39-0.68, p<0.001).
Conclusion: Statin-use is associated with better mobility and long-term survival in rehabilitees after limb loss, particularly when used in combination with antiplatelets. Significantly lower rates of statin-use were observed in female patients. Further research is warranted on gender disparities in statin-use and causality in their association with improved mobility and survival.  
Introduction

Patients undergoing major lower limb amputation (MLA) secondary to peripheral arterial disease (PAD) and diabetes mellitus (DM) must endure poor mobility, quality of life and shorter life expectancy. Up to a half of patients fail to achieve prosthetic independence at one year after MLA (1,2). The 30-day, 1-year and 3 year mortality rates following MLA have been reported to be as high as 13.5%, 48% and 71% (3). Despite these concerning figures, risk factor modification is underutilised in PAD relative to other atherosclerotic diseases such as coronary artery and cerebrovascular disease (4–7). It is envisaged that underutilisation may be similar or even worse among amputees secondary to loss of follow-up and barriers to healthcare access that amputation may bring.  
Statin therapy is an established treatment for atherosclerotic disease and has been associated with reduction in risk of all-cause and cardiovascular death, and myocardial infarction (8). Statins have also been associated with symptom stabilisation, reduced rates of revascularisation and amputation in PAD patients (9–11). The mechanism of action has been postulated to be atherosclerotic plaque stabilisation, improved vasomotor regulation in the microcirculation and promotion of angiogenesis (12). In two studies, high-dose statin was reported to be associated with significant improvement in walking distance achieved by claudicants (12,13). Another study demonstrated an association between high-intensity statin therapy and mortality up to 1 year after MLA (3). However, it is likely that the significant barrier to mobility, quality of life, and health maintenance posed by limb loss contributes to persistently poor outcome in the longer-term setting following limb loss. Furthermore, previous studies have not reported on associations between statin-use and mobility after MLA.
Given the paucity of evidence on the potential impact of statins in MLA outcomes, the objective of this study was to determine if there is an association between statin-use and prosthetic mobility and long-term survival after MLA surgery. A secondary aim was to explore possible differences in these associations when statins were used in combination with antithrombotic agents (antiplatelets or anticoagulants) given that such regimens are advocated for cardiovascular risk reduction by guidelines (14,15). 

Materials and Methods

This study has been reported in accordance with the STROBE checklist for reporting of observational studies (16).  

A retrospective analysis of a prospectively maintained database (between 2007 and 2020) of all vascular MLA patients undergoing rehabilitation at a national centre for specialist prosthetic rehabilitation was performed. Follow-up for the study ended in April 2021. 

Study Setting

All referrals to the rehabilitation centre are reviewed by a multidisciplinary team (MDT) consisting of rehabilitation clinicians, physiotherapists, occupational therapists, orthotists, prosthetists, dieticians, and psychologists. Patients receive rehabilitation therapy either as outpatients or inpatients, based upon clinical and social needs. All patients receive daily physiotherapy during their rehabilitation period. An established in-house prosthetics department manufactures and services the prosthetics. Patients typically receive six weeks of intensive rehabilitation therapy. Upon discharge, they receive a six-week and six-month follow-up review.  

Variable Selection 
The inclusion criteria were primary referrals (new amputees receiving their first rehabilitation episode) for unilateral MLA secondary to diabetic foot disease (DFD) or peripheral arterial disease (PAD). Established amputees receiving further rehabilitation for their ipsilateral amputation), bilateral amputees and other aetiologies of MLA were excluded. MLA was defined as an amputation above the level of the ankle and included below-knee (BKA /transtibial), through-knee (TKA/transgenicular) and above-knee (AKA/transfemoral) amputations.
The following patient variables were included: demographics, comorbidities, pre-amputation function and medications. Aetiology (PAD and DFD) was determined from the referring surgeon’s referral documentation. The rest of the variables were collected from a structured MDT proforma completed for each patient referred to the rehabilitation centre. Pre-amputation function was categorised into six grades: wheelchair-bound=1, transfers only=2, indoors only=3, limited indoors/outdoors=4, unrestricted indoors/outdoors=5 and very active=6. 
Medication use was determined based on having an active prescription of cardiovascular risk-modifying agents (antihypertensive, antiplatelet, anticoagulant and statin), anti-diabetic medication and antidepressants at pre- or peri-operative period of the amputation. Antiplatelet agents included aspirin, clopidogrel and ticagrelor. Anticoagulant agents included warfarin, novel oral anticoagulant (NOAC) and direct oral anticoagulant. Statins included any selective, competitive inhibitor of hydroxymethylglutaryl-CoA (HMG-CoA) reductase, the enzyme responsible for converting HMG-CoA to mevalonate in the cholesterol synthesis pathway (17). 

Medications were further subgrouped according to the use of statins and antithrombotic drugs. This involved a six-level comparison of medication regimens: patients on no antiplatelet, anticoagulant or statin (None group), on only an antiplatelet (AP-Only group), on only an anticoagulant (AC-Only group), on only a statin (Statin-Only group), on a combination of statin and an antiplatelet (Statin/AP group) and on a combination of statin and an anticoagulant (Statin/AC group). 
The primary outcomes were prosthetic mobility after active rehabilitation therapy and long-term survival. Prosthetic mobility was assessed using the Specialist Interest Group in Amputation Medicine (SIGAM) scores, timed-up-go (TUG) time and 2-minute walking distance. These parameters were assessed at point of completion of the 6-week period of active rehabilitation. SIGAM is a single-item scale comprising six grades (A-F, in ascending order of capability) of amputee mobility (18). SIGAM was dichotomised into A-C and D-F groups to indicate non-independent (non-IPM) and independent prosthetic mobility (IPM), respectively. Long-term mortality data was gathered directly from the prospectively maintained database for patients still being followed up. For patient’s discharged from the service, mortality data was gathered from other hospital records and community care-based summary care records.   

Statistical Analysis

Data were analysed with R 3.2.2 software (R Foundation for Statistical Computing, Vienna, Austria) (19). Demographic and clinical variables were assessed for the entire cohort and stratified by statin-use. Continuous variables were expressed as means (±standard deviations (SD)) or as medians (±interquartile ranges (IQR)) if they were not normally distributed. These were compared using the Kruskal-Wallis test. Discrete variables were compared using χ2 tests for proportions. Survival data was incomplete for two patients and sensitivity analysis showed that these were missing at random and were excluded from survival analyses. 
Univariate and multivariate linear regression analysis for performed to test for associations with prosthetic mobility (time-up-go and 2-minute distance).  Unadjusted associations for statin-use and risk of death and amputation were obtained using Kaplan-Meier curves over entire study period accounting for censoring. This was repeated for subgroup analyses of medication regimens where the reference level was the “None” group. Cox proportional hazards regression survival analysis of covariates and medication regimens were then constructed to calculate adjusted hazard ratios (HR) and 95% confidence intervals (CI) for death by statin-use. 
Pre-MLA functional activity was excluded from multivariate analyses given the non-standardisation in its assessment among the different centres performing the MLAs prior to their arrival in the rehabilitation centre. Data on dosing of medications was not available and therefore dose-dependent analysis was not performed. 
Sensitivity analysis for survival was performed by excluding patients with the worst prosthetic performance (SIGAM A) following rehabilitation to account for the impact of poor mobility on long-term survival. The rationale was that SIGAM A patients were likely to be frailer, more comorbid, harbour more end-stage organ disease and potentially less compliant with medication adherence, all of which may contribute to shorter survival.  

Addressing Bias

Mobility outcomes were assessed independently by the rehabilitation centre’s specialist physiotherapy and occupational therapy team rather than members of the referring hospital, thereby reducing clinician-based bias.  

Study Ethics

As this was a retrospective study of a prospectively maintained clinical database, formal ethical approval was deemed inessential after discussion with the university research and ethics committee.  

Results

Patient Characteristics

A total of 771 patients were included in the study (Table 1). The median age was 67 [IQR 59,75] years and the ratio of male:female patients was 3:1. The majority of MLAs were BKAs (474, 61.5%), a very small proportion were TKAs (33, 4.28%) and the rest were AKAs (264, 34.2%). Regular statin-use was observed in 499 (64.7%) of patients. Over the whole study period the rate of statin prescription was 64.7%. There was a sharp rise in statin prescription from 2012 (63.5%) to 2013 (78.7%) and remained high until 2016 (79.0%), after which rates fell to pre-2013 levels and were lowest in 2018 (44.1%) (Supplementary Figure 1).     
Statin-users were marginally but not significantly younger than non-statin-users (Table 1). There was no significant difference in statin-use by MLA level. There were however significant differences in rates of statin-use by other patient characteristics. Statin-use was higher among male (68.2%) compared to female (53.3%) patients, p<0.001. Statin-use was also associated with presence of the following variables were associated with a significantly higher rate of statin-use: having diabetes (67.3% vs 54.8%, p<0.001) or a psychiatric history (32.7% vs 24.6%, p=0.020). Conversely some comorbidities were associated with lower rates of statin-use, such as end-stage renal failure (3.0% vs 6.6%, p=0.038), active malignancy (4.4% vs 9.6%, p=0.005) and cognitive impairment (1.6% vs 4.6%, p=0.037). 
There were also significant associations between statin-use and use of other medications. Patient who were on a statin were also more likely to be on antiplatelet such as  aspirin (56.3% 16.5%, p<0.001) or clopidogrel (35.5% vs 8.5%, p<0.001), a NOAC or a DOAC (11.4% vs 6.2%, p<0.001), anti-diabetic medications such as oral hypoglycaemics (58.0% vs 3.5%, p<0.001) or insulin (58.9% vs 24.8%, p<0.001), antihypertensives (9.3% vs 16.2%, p<0.001) and antidepressants (35.5% vs 19.1%, p<0.001). 
Prosthetic Mobility

While no amputee achieved a SIGAM grade F indicating normal mobility, statin-use was higher among amputees who achieved better grades (SIGAM D and E) following active rehabilitation and lower among those who were poor mobilisers (SIGAM A-C) (Table 2). When SIGAM grades were dichotomised to independent prosthetic mobility (IPM: SIGAM D-F) and non-independent prosthetic mobility (non-IPM: SIAGM A-C), there was a significant association between statin-use and IPM, (53.1% vs 44.1% p=0.017). Statin-users also had significantly faster prosthetic TUG times then non-statin-users, with a mean difference of 3.8 seconds, p=0.040. Although statin-users performed better in the 2-minute walking distance (a mean differences of 4.9 metres), this did not reach statistical significance (p=0.073).

Subgroup analysis adjusted to potential confounders demonstrated that statin-use remained a significant predictor of better prosthetic performance (Figures 1a and 1b). The use of any anticoagulants or antiplatelets were associated with better prosthetic performance although only reaching statistical significance when used in combination with a statin.  Patients who were only on a statin (the Statin-Only group - mean difference of 6.0 seconds, p=0.029) or in combination with an antiplatelet (the Statin/AP group - mean difference of 4.6 seconds, p=0.010) did significantly better compared to patients not on any of the medications (None-group) (Figure 1a). Similar trends were seen for 2-minute distance scores, where the Statin-Only group (mean difference of 8.47 meters, p=0.050) did significantly better compared to the None-group. (Figure 1b).    
Survival Analysis
The median follow-up for the entire cohort was 90.3[95% CI 84.6-96.1] months. A total of 413 (53.6%) patients died during the study follow-up (Table 2). Survival was significantly longer in statin-users with median of 83.6[95% CI 74.7-94.4] months compared to non-users with a median of 55.1[95%CI 46.1-67.9] months, HR 0.59[0.48-0.72, p<0.001]. This is illustrated in the Kaplan-Meier analysis in Figure 2a. 
On subgroup analysis, the median survival times (in months) were as follows: None group 48.1 [43 - 66.3, 95% CI], AP-Only group 61.8 [47.3 - 93.3, 95% CI], AC-Only group 67.9 [44.1 – 98.6, 95% CI], Statin-Only group 78.8 [69.5 - 132.3, 95% CI], Statin/AC group 85.3 [63.5 - 118.4, 95% CI], and Statin/AP group 82.7 [74.7 - 98.1, 95% CI]. The most superior survival outcome was seen in the Statin/AP group when the None-group was used as the reference comparison level, HR 0.51 (0.40-0.65, p<0.001) (Figure 2b).
Cox-regression analysis adjusted to potential confounders was also performed to determine which combination was associated with superior survival rates (Figure 3). The following variables remained significant predictors of shorter survival: age over 75 years HR 1.34 (1.05-1.71, p=0.017), atrial fibrillation HR 1.72 (1.28-2.32, p<0.001), end-stage renal failure HR 3.30 (2.13-5.13, p<0.001), COPD HR 1.49 (1.15-1.93, p=0.002), malignancy HR 2.22 (1.55-3.18, p<0.001), alcohol/drug misuse HR 1.67 (1.09-2.53, p=0.017), cognitive impairment HR 1.76 (0.99-3.10, p=0.052), Non-IPM HR 1.61 (1.28-2.03, p<0.001). Statin-Only HR 0.61 (0.41-0.91, p=0.015), Statin/AC HR 0.54 (0.35-0.83, p=0.005) and Statin/AP HR 0.52 (0.40-0.67, p<0.001) groups remained significant predictors of longer survival.
Sensitivity Analysis for Survival
As part of sensitivity analysis, patients with the poorest prosthetic rehabilitation outcomes were excluded from the Cox-regression survival analysis (Supplementary Figure 2). With the exclusion of 85 SIGAM A patients, the Statin-Only HR 0.57 (0.37-0.88, p=0.011), Statin/AC HR 0.55 (0.34-0.88, p=0.013) and Statin/AP HR 0.52 (0.39-0.68, p<0.001) groups remained significantly associated with longer survival. 

Discussion
This study aimed to determine if there was an association between statin-use and prosthetic mobility and survival in patients receiving rehabilitation after major lower limb amputation secondary to PAD or diabetes. Through subgroup analysis of statin-use and their combination with antithrombotic agents, the study also sought to identify the combination associated with the most superior mobility and survival rates.   
Adjusting to confounders, statin-use (alone or in combination with antithrombotic agents) was associated with significantly better rates of prosthetic independence as assessed by SIGAM and performance in tests of dynamic stability (timed-up-go) and exercise tolerance (2-minute walking distance). To our knowledge, such a relationship has not been previously reported in amputees but is supported by a similar finding in PAD patients who have not had a major amputation (12,13). These studies have demonstrated a dose-dependent relationship with only high-dose statin therapy showing favourable outcomes while low dose therapy has not (20).  This discovery generates scope for further research into understanding possible causalities and mechanisms of action in the association between statins and improved mobility.    

The benefits of statin-use on survival in vascular patients after major amputation is seldom reported with one existing study identified on the subject (3). In their study, high-dose statins were shown to be associated with better 30-day to 1-year survival rates. Beyond this timepoint, uncertainties remained on whether this association persisted. Through a 12-year study period with an approximately 8-year median follow-up, our study showed that statins are associated with persistently better survival rates in the long-term period after limb loss.  
Subgroup analyses demonstrated superior mobility and survival when statins were used in combination with antiplatelet agents. Antiplatelet therapy has been previously associated with improved walking ability (21). One study has compared the association of antiplatelet agents (aspirin versus clopidogrel) and walking distance in claudicants and yielded no significant difference between the two (22). The previous studies on the statin-use in PAD and amputation patients have not focussed on analyses of such medication combinations and therefore our study presents another novel finding, in this patient group, requiring further research in determining a possible causality.  
A strength of this study was that assessment of prosthetic function after active rehabilitation was recorded prospectively and performed by specialist rehabilitation physiotherapy and occupational therapists. This allowed the consideration of prosthetic use as a potential confounder in the Cox regression survival analysis. As a result, survival analysis took into consideration not only demographic and comorbidity parameters but also an accurate assessment of their physical function.  
Our findings also highlight the underutilisation of statins among the vascular amputee cohort; over a third of patients were not on statin therapy at the time of amputation or peri-operatively. According to contemporary literature, PAD patients are less likely to receive medical management including statin therapy (5,7) compared to patients with CAD. Possible explanations include paucity of awareness of a PAD diagnosis (23), lesser perceived risk in PAD, sociodemographic racial disparities8 and advanced disease at diagnosis (24). 
Furthermore, annual trends in rates of statin prescription in our study fluctuated instead of showing a persistent rise as intended by guidelines. The AHA/ACC lipid guidelines were published in 2013 (15) and this coincided with a sharp but temporary rise in rates of statin-users among our study population. A concomitant rise in use of alternate cholesterol-lowering drugs that would explain the fluctuations in rates of statin use was not observed. 
Reasons for the subsequent drop may include the bad publicity that statins have received over their side-effect profiles as well as a failure of health systems to maintain efforts to implement statin-related guidelines. This amplifies the need for education and dissemination of the latest evidence and guidelines amongst primary care/specialist providers caring for PAD patients as well as amputees.
Certain diagnoses were associated with significantly lower rates of statin-use including end-stage renal failure, active malignancy and cognitive impairment. Although possible explanations may be poorer compliance and risks of polypharmacy in these patients, the authors of this study failed to find a documented reason for avoiding statins. Such poor prognostic factors may ultimately confound the impact of statins on survival although the impact of statin-use was adjusted for these in our study. Another important relationship that was observed was the gender-disparity in rates of statin prescription with statin-use being significantly lower among female than male patients. This relationship has been well documented in literature (25–28).  
Our study has several limitations. Patients who did not progress to the rehabilitation stage after amputation were not included in this study. Therefore, findings are limited to those patients who survived and were considered to have potential for rehabilitation. Data on cause of death and statin dosage were not collected or analysed. The study is therefore unable to test the relationship between dose of statins and cardiovascular-related deaths. Timing on statin initiation if patients were using it prior to their amputation was not available. As result the study is unable to distinguish between short-term and long-term statin-use in the pre-amputation period. Appropriate statin therapy may also have been initiated later following an amputation. The study cannot comment on patient compliance rates and time varying covariate analysis was not possible. Other limitations include the small subgroup analyses for testing drug combinations which restricts the results to being exploratory rather than confirmatory. Therefore, the limited inference from our study is that peri-operative initiation of statin or being on a statin already at the time of amputation is associated with substantially better prosthetic mobility and long-term survival in patients who receive specialist rehabilitation.
Due to the retrospective nature of this study, the authors cannot provide an explanation on a possible direct impact of statins on mobility and survival. Statin-use may be a surrogate marker of better primary care, risk management and overall health promotion rather than directly impacting mobility and survival. Healthcare records used for this study lack access to healthcare utilisation metrics such as overall healthcare and primary care utilisation per year of participants.
 Nevertheless, the associations appear to be strong in this cohort. These limitations are inherent in real-world cohort studies and conclusions derived from this study are conservative and require further prospective studies with larger samples for validation. 
Conclusion

Statin-use is associated with better prosthetic mobility and long-term survival in rehabilitees after major lower limb amputation, particularly when used in combination with antiplatelets. Significantly lower rates of statin-use were observed in female patients. Clarity is warranted on explanations for the gender disparities in statin-use and their causality in being associated with improved mobility and survival in amputees. Further prospective studies with larger samples are required for validation of findings.    
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Figure Legends

Figure 1a: Forrest plot for effect sizes (seconds) in multivariate linear regression analysis for timed-up-go (TUG) after rehabilitation. Reference levels for *=BKA, **=Normal/Moderate Renal Failure, ***=None group.
Figure 1b: Forrest plot for effect sizes (meters) in multivariate linear regression analysis for 2-minute walking distance after rehabilitation. Reference levels for *=BKA, **=Normal/Moderate Renal Failure, ***=None group.
Figure 2a: Kaplan-Meier survival analysis comparing amputees using statin with those not using statins.
Figure 2b: Subgroup Kaplan-Meier survival analysis comparing statin and antithrombotic drug combinations.
Figure 3: Forrest plot for hazard ratios in Cox-regression analysis for survival. Reference levels for *=BKA, **=Normal/Moderate Renal Failure, ***=None group.
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