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Abstract: 
In 2015, the global prevalence of diabetes mellitus (DM) has risen to 8.8% [1] and this high incidence of DM is associated with 

the increasing numbers of individuals with diabetic foot disease. Up to 75% of these patients is going for lower extremity 

amputations (LEAs) as part of treatment[2]. LEAs reduce the quality of life and increase mortality as well as medical costs[3,4]. 

Even though an overall reduction in amputations were observed, the incidence of LEAs in diabetic patient is high and it is 

estimated, one amputation every seven min in subjects ≥ years could be attributed to diabetes mellitus [5].In a review on the 

incidence of LEA in diabetic patients Narres et al[6] observed a significant decrease in incidence of LEA and this reduction in 

LEAs is attributed to the improvement in diabetic foot care. Three studies were on empagliflozin, two used dapagliflozin, four on 

canagliflozin, and eight were on all the three drugs. Three retrospective studies, the  CANVAS and CANVAS-R trials, pooled data 

from fifteen trials, one review, one meta-analysis, a population-based cohort, Data from 4 large US administrative claims 

databases, A propensity-matched cohort, and 8 293 886 reports analysis. The authors names, year of publication, country, the 

study design, the numbers of patients included, the duration of follow-up, the final results, and limitations were recorded. SGLT2 

inhibitors, a relatively new class of diabetic medication have been shown it effectiveness in glycemic control among type 2 

diabetes patients and  also showed its potential to improve body mass index, blood pressure, and diabetes-related end-organ 

complications. Apart from these therapeutic effect, there are some clinical reports that these agents are associated with 

increased risk for LEA in diabetic patients. Based on findings of this narrative review, as a class of drugs, the SGLT2 inhibitors 

are not associated with increased risk for lower extremity amputation in type 2 diabetes mellitus patients, when compared oral 

hypoglycemic agents such as sulphonylureas and placebo. However, some of systematic reviews showed the possibility for the 

association of canagliflozin with a higher risk of amputation in this patient cohort. Based on these observations, we suggest 

further systematic evaluation of canagliflozin for its association with increased risk of LEAs in type 2 diabetes mellitus patients.  
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INTRODUCTION: 

In 2015, the global prevalence of diabetes mellitus 

(DM) has risen to 8.8% [1] and this high incidence of 

DM is associated with the increasing numbers of 

individuals with diabetic foot disease. Up to 75% of 

these patients is going for lower extremity 

amputations (LEAs) as part of treatment[2]. LEAs 

reduce the quality of life and increase mortality as 

well as medical costs[3,4]. Even though an overall 

reduction in amputations were observed, the 

incidence of LEAs in diabetic patient is high and it is 

estimated, one amputation every seven min in 

subjects ≥ years could be attributed to diabetes 

mellitus [5].In a review on the incidence of LEA in 

diabetic patients Narres et al[6] observed a significant 

decrease in incidence of LEA and this reduction in 

LEAs is attributed to the improvement in diabetic 

foot care.  

A good number of innovative pharmaceutical agents 

are introduced for the treatment of DM recently. 

Sodium-glucose co-transporter (SGLT2) inhibitors 

are new members of a group of medication, that have 

been shown not only to improve glycemic control 

among patients with diabetes but also reduce body 

mass index, blood pressure, and diabetes-related end-

organ complications [7].However, there are some 

observational report on a SGLT2 inhibitors, that 

these agents are associated with increased risk for 

LEA in diabetic patients[8]. This observation is also 

supported by the clinical trials results suggest that 

canagliflozin, a member of SGLT 2 inhibitors used 

for the treatment of diabetes mellitus may be 

associated with lower limb amputation [9]. Since the 

SGLT-2 inhibitors are a promising option in the 

management of patients with type 2 diabetes mellitus 

and cardiovascular risk, the observed association with 

amputation is of great concern because amputation 

has a great negative impact on patients clinical course 

and quality of life (10,11). However, there are some 

study report contradicting the role of SGLT 2 

inhibitors in increased role of LEA in diabetic 

patients. In a retrospective cohort study, Yuan Z et al 

observed no evidence for the association of 

canagliflozin with high causation of below knee 

amputation in type 2 DM patients[12]. In this 

context, since the available data shows conflict 

information on this complication of SGLT 2 

inhibitors, we conducted this review with primary 

objective to assess the risk of lower amputation 

among SGLT-2 inhibitors. 

 

METHODOLOGY: 

We conducted an extensive manual and electronic 

literature search in data bases Pub Med and Google 

scholar using the following search criteria: the full 

human trail articles published in English language 

during the period from 2013 to 2018, using the key 

words of ‘canagliflozin’, ‘dapagliflozin’, 

‘empagliflozin’, ‘limb amputation’, ‘peripheral 

arterial disease’, and ‘SGLT-2 inhibitors’. Two 

researchers independently reviewed the collected 

articles for its relevance and to avoid duplication. The 

details of the process is shown in fig:1. A total of 

eighty four articles, (forty four randomized control 

trials and related articles published in PubMed, and 

forty Google scholar articles) were identified. After 

search for relevance and duplication based on search 

criteria, identified seventeen full articles for final 

analysis.   

 

Three studies were on empagliflozin, two used 

dapagliflozin, four on canagliflozin, and eight were 

on all the three drugs. Three retrospective studies, the  

CANVAS and CANVAS-R trials, pooled data from 

fifteen trials, one review, one meta-analysis, a 

population-based cohort, Data from 4 large US 

administrative claims databases, A propensity-

matched cohort, and 8 293 886 reports analysis. The 

authors names, year of publication, country, the study 

design, the numbers of patients included, the duration 

of follow-up, the final results, and limitations were 

recorded.The results were shown in table 1, 2 &3. 

Some of the studies assessed two drugs (dapagliflozin 

and canagliflozin) 
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Diagram 1: The Process of Literature Search: Flow  Chart 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RESULTS AND DISCUSSION: 

Empagliflozin: 

The EMPA-REG OUTCOME trial with enrollment 

of 7020 type 2 diabetes mellitus, who were treated 

with empagliflozin 10 mg, empagliflozin 25 mg, or 

placebo in addition to standard of care and with a 

median follow up observation time of 3.1 years. In 

this trial 22% of patients with history of peripheral 

artery occlusive disease. During the interval of trial 

131 patients underwent for  LLAs with 88 patients in 
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empagliflozin group and 43 in placebo group. The 

incidence rate was 6.5 per 1000 patient-years in both 

groups. In data analysis for the time of first event, the 

risk for LLA was found similar in both groups of 

empagliflozin and placebo. There was no difference 

between  empagliflozin 10 mg (HR 0.96 [95% CI 

0.63, 1.47]) and empagliflozin 25 mg (HR 1.04 [95% 

CI 0.69, 1.58])[13].  

 

Yabe De et al,[14] in 2018 conducted a pooled 

analysis of data from phase I-III clinical trial in East 

Asian patients with type 2 diabetes mellitus to 

establish the safety of empagliflozin. In this study, 

709 patients received placebo, 724  patients received 

empagliflozin 10mg and 708 patients received 

empagliflozin 25mg with total exposure of 953, 1072 

1nd 1033 patient-years respectively. The data from 

the analysis of results concludes with similar risk of 

LLAs in patients received empagliflozin and placebo 

for the treatment of type 2 diabetes mellitus in East 

Asian population.  

 

 

Table 1. Data on empagliflozin 

Author year Country  Study Patients no Duration Results  

Inzucchi 

Et al. 

2018 USA EMPA-REG 

trial 

2070 3.1 years Not associates 

Yabe D et 

al. 

2018 Japan Pooled data 

from 15 

phase 1-111 

trials 

709, 724  Amputation 

risk was 

similar to 

placebo 

Frampton 

et al. 

2018 Newzealand Review   No 

association 

 

DAPAGLIFLOZIN: 

Ina systematic review analysis Jabbour et al. [15] 

pooled data from 13 placebo controlled trials up to 24 

weeks duration, 21 trials of ≥ 208 weeks and 30 trials 

of  ≥ 12 weeks with dapagliflozin in type 2 diabetes 

mellitus to find out safety and tolerability of the drug.  

In their analysis they found  0.1% (8 patients) and 

0.2% (7 patients) lower limb amputations in patients 

receiving dapagliflozin and control, respectively in 

30 trial pool and concluded that no association of 

dapagliflozin with LLAs in type 2 diabetes mellitus 

patients.  

 

Table 2: Data on dapagliflozin 

Author year Country  Study Patients 

no 

Duration Results  

Jabbour 

Et al. 

2018 USA Data from 33 

trials &21 

comprator 

control pool 

27818 24 weeks Not 

associates 

 

CANAGLIFLOZIN: 

Two multinational randomized placebo controlled 

trial(CANVAS and CANVAS-R trials)[16] with 

involvement of 10142 patients used cangliflozin to 

find out the safety of the drug in type 2 diabetes 

patients with cardiovascular disease or with the risk 

for cardiovascular disease. The mean duration of the 

trails was 188.2 weeks and they used canagliflozin 

100mg and 300mg and placebo in 1:1:1 ratio 

randomized patients in CANVAS and cangliflozin 

100mg with optional increase up to 300mg and 

placebo in 1:1 ration randomized patients. The study 

concluded that an increased risk of amputation (6.3 

vs. 3.4 participants per 1000 patient-years; hazard 

ratio, 1.97; 95% CI, 1.41 to 2.75); amputations were 

primarily at the level of the toe or metatarsal in 

patients received canagliflozin.  

 

A recent meta-analysis by Li D et al, in 2018 (17) 

with an aim to evaluate the potential risk of SGLT2is 

to cause diabetic foot syndrome and amputation. The  

study evaluated fourteen Randomized Controlled 
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Trials with participation of  26,167 patients. Data 

analysis proved, as a class SGLT2is has no 

significant association with increased risk for 

amputation, however subclass analysis indicates an 

increased risk of amputation in patients using 

canagliflozin (OR 1.89, 95% CI: 1.37-2.60), on cross 

analysis with oral hypoglycemic drugs and placebo.  

Very recently in 2018 July, Dawwas et al. (18) 

conducted a retrospective cohort study using Truven 

HealthMarketScan (Truven Health Analytics, Ann 

Arbor, MI, USA), with inclusion of type 2 diabetes 

mellitus patients.  In the analysis after matching, a 

total of 125 534 patients were included in the SGLT2 

inhibitors(dapagliflozin and canagliflozin) vs 

sulfonylureas cohort (n = 62 767 per exposure group) 

and a total of 133 266 patients in the SGLT2 

inhibitors vs DPP-4 inhibitors cohort (n = 66 633 per 

exposure group). They considered the lower 

extremity amputation as secondary outcome in data 

evaluation and found lowering the risk for 

amputation in SGLT2i using patients than 

sulfonylureas cohort in subclass analysis which 

dapagliflozin vs sulfonylureas (HR, showed that 

0.55; 95% CI, 0.43, 0.70) and canagliflozin vs 

  .69)0. 4,sulfonylureas (HR, 0.61; 95% CI, 0.5 

 

Table 3: Data on Canagliflozin 

Author year Country  Study Patients no Duration 

(Mean) 

Results  

Neal 

Et al. 

2017 Australia  Two trials, 

CANVAS and 

CANVAS-R 

10,142 188.2 

weeks 

 

Increase 

amputation 

Li et al. 2018 China 
A Meta-analysis 

of Randomized 

Controlled 

Trials. 

Fourteen 

RCTs 

involving 

26,167 

patients 

1.6 years Associated with 

amputation 

Dawwas 

et al. 

2018 USA Retrospective 62767 on 

SGLT-2 

12 months Less amputation 

compared to 

DPP-4 inhibitors 

and 

sulphonylureas 

Yuan et 

al. 

2018 USA Retrospective 

cohort 

344641 40 months No increased risk 

compared to non-

SGLT-2 

CANVAS: . Canagliflozin and Cardiovascular and Renal Events in Type 2 Diabetes. 

 

 

Yuan Z et al [19] conducted a retrospective cohort 

study in 2018, to examine the incidence of lower 

extremity amputation in type 2 diabetic patients on 

SGLT2 inhibitors, especially with canagliflozin.  The 

article analysed data of 118018 new users of 

SGLT2inhibitors, including 73024 patients with 

canagliflozin and 226623 new users of non-

SGLT2inhibitors. This real world study observed no 

evidence for the increased risk of lower extremity 

amputation in the new users of canagliflozin than the 

patients on non-SGLT2 inhibitors. The incidence 

rates of amputation were 1.18 and 1.12 events per 

1000 person-years with canagliflozin and non-

SGLT2 inhibitor, respectively; with hazard ratio of 

0.98 (95% confidence interval 0.68-1.41; P = .92, 

calibrated P = .95). 

 

 

 

 

CONCLUSION: 

In conclusion, SGLT2 inhibitors, a relatively new 

class of diabetic medication have been shown it 

effectiveness in glycemic control among type 2 

diabetes patients and  also showed its potential to 

improve body mass index, blood pressure, and 

diabetes-related end-organ complications. Apart from 

these therapeutic effect, there are some clinical 

reports that these agents are associated with increased 

risk for LEA in diabetic patients. Based on findings 

of this narrative review, as a class of drugs, the 

SGLT2 inhibitors are not associated with increased 

risk for lower extremity amputation in type 2 diabetes 

mellitus patients, when compared oral hypoglycemic 

agents such as sulphonylureas and placebo. However, 

some of systematic reviews showed the possibility  
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for the association of canagliflozin with a higher risk 

of amputation in this patient cohort. Based on these 

observations, we suggest further systematic 

evaluation of canagliflozin for its association with 

increased risk of LEAs in type 2 diabetes mellitus 

patients.  
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