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Abstract 

 

Introduction: Sodium-glucose cotransporter type 2 inhibitors (SGLT2is) are 

recommended after metformin for a large spectrum of patients with type 2 diabetes, 

because of a favourable benefit/risk profile despite a variety of adverse events. 

Areas covered: This narrative review discusses the safety profile of SGLT2is: initial 

concerns (cardiovascular safety, acute renal failure, hypoglycemia, urinary and 

genital infections, volume depletion, bladder cancer), further concerns (euglycemic 

ketoacidosis, bone fractures) and more recent concerns (lower limb amputation, 

Fournier’s gangrene). 

Expert opinion: Overall, the safety profile of SGLT2is is good. The only increased 

adverse event that was consistently reported in clinical trials and observational 

studies is genital mycotic infections, with only a borderline increase in urinary tract 

infections. Among clinical trials, only the CANVAS program reported an unexpected 

increase in bone fractures and peripheral amputations. A variety of rare adverse 

events have been described as case reports, including ketoacidosis, amputations 

and Fournier gangrene, which led to specific warnings by regulatory agencies.  

Identifying predisposing patient’s characteristics and/or precipitating clinical 

conditions would help prevent the most severe complications. These adverse events 

should not mask the overall cardiovascular and renal benefit of SGLT2is, especially 

in patients with type 2 diabetes at high cardiovascular risk. 

 

Key words: adverse event, cardiovascular disease, complications, gliflozin, safety, 

sglt2 inhibitor, type 2 diabetes mellitus 
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Article highlights 

- SGLT2is are the oral glucose-lowering agents that showed the better efficacy 

to reduce major cardiovascular and renal outcomes in T2DM patients at high 

risk. 

- Mild genital mycotic infections are the most common adverse events whereas 

the risk of urinary tract infections is only marginally increased 

- Adverse events related to volume depletion (orthostatic hypotension, acute 

kidney injury) are rare but may occur in fragile patients exposed to some 

precipitating factors 

- Euglycemic diabetic ketoacidosis is increased with SGLT2is, yet it remains a 

rare adverse event in T2DM patients that generally occurs in case of insulin 

deprivation and exposure to deleterious conditions such as post-surgery 

- The increased risk of bone fractures and lower limb amputations reported with 

canagliflozin in CANVAS (which remains largely unexplained) is not confirmed 

in most other trials or observational studies (but well in some 

pharmacovigilance reports) with canagliflozin, dapagliflozin and empagliflozin, 

so that a class effect remains debatable 

- The pharmacovigilance reports to regulatory agencies are more alarming than 

findings collected in RCTs and observational studies. Although they may be 

affected by reporting biases, they point out signals that require future 

postmarketing surveillance to better delineate the long-term safety profile of 

SGLT2is  
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1. Introduction 

Sodium-glucose cotransporters type 2 inhibitors (SGLT2is) are the most recent 

glucose-lowering agents (GLAs) developed for the treatment of type 2 diabetes 

mellitus (T2DM) [1]. With their original insulin-independent mode of action specifically 

targeting the kidney, they inhibit by 30-50% the reabsorption of filtered glucose. This 

results in increased urinary glucose excretion, partial correction of hyperglycemia and 

reduction of glucotoxicity [2]. Beyond glucose control, SGLT2is offer the potential 

benefits of body weight reduction due to increased calorie loss through glucosuria 

and arterial blood pressure reduction resulting from an osmotic/diuretic effect [3-6]. 

Results from three cardiovascular (CV) outcome trials, EMPA-REG OUTCOME 

(“Empagliflozin Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus 

Patients”) [7], CANVAS (“Canagliflozin Cardiovascular Assessment Study”) [8] and 

DECLARE-TIMI 58 (“Dapagliflozin Effect on CardiovascuLAR Events - Thrombolysis 

in Myocardial Infarction 58”) [9] demonstrated the CV safety of this pharmacological 

class [10, 11]. More importantly, a significant reduction in major CV events (3-point 

MACEs : CV mortality, nonfatal myocardial infarction, nonfatal stroke) was observed 

in EMPA-REG OUTCOME [7] and CANVAS [8] and a significant reduction in another 

co-primary endpoint (CV mortality plus hospitalization for heart failure) was reported 

in DECLARE-TIMI 58 [9].  

Within a few years, SGLT2is have acquired a major importance in the 

management of hyperglycemia in patients with T2DM. In the recent consensus report 

by the American Diabetes Association (ADA) and the European Association for the 

Study of Diabetes (EASD), they are considered as the preferred glucose-lowering 

medication as add-on therapy in patients with T2DM not well controlled with 

metformin monotherapy, when atherosclerotic CV disease (with glucagon-like 

peptide-1 [GLP-1] receptor agonists as alternative), heart failure and/or chronic 

kidney disease (if estimated glomerular filtration rate [eGFR) is adequate] are present  

[12]. In absence of these comorbidities, but when body weight reduction is a major 

objective or when avoidance of hypoglycemia is mandatory, SGLT2is are also 

recommended [12].  Furthermore, the success of SGLT2is in patients with T2DM and 

the unique mode of action independent of residual insulin secretion paves the road to 

the use of these agents in patients with type 1 diabetes (T1DM) [13]. Finally, both 

cardiologists [14] and nephrologists [15] may also be interested by the potential use 

of SGLT2is independent of the presence of diabetes as currently tested in dedicated 
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trials such as EMPEROR-Reduced and EMPEROR-Preserved and EMPA-Kidney, 

respectively. If successful, this approach might considerably open the spectrum of 

clinical use of this pharmacological family initially developed as GLAs.  

However, SGLT2is have been associated with a variety of adverse events [16, 

17]. From a clinical point of view, it is important to consider the safety profile of new 

GLAs, especially because possible competitors as dipeptidyl peptidase-4 (DPP-4) 

inhibitors (gliptins) offer an excellent safety profile, including in more fragile 

populations [18]. Regarding SGLT2is, some adverse events were expected because 

of the specific mechanism of action (such as urinary and genital infections) [5, 19], 

others were not foreseen but could be explained in at risk patients exposed to 

predisposing conditions (such as side-effects related to volume depletion and 

euglycemic diabetic ketoacidosis) [20], but others are more surprising and remain 

poorly understood (such as bone fractures and lower limb amputations [LLA]) [21].  

SGLT2is have been shown to be associated with a minimal risk of drug-drug 

interactions [22] and may be combined with all other GLAs [12]. Because SGLT2is 

may be associated with adverse effects, some of which potentially severe [23], an 

individual benefit-risk balance should be taken into consideration [24, 25] (Figure 1). 

This updated narrative review describes and discusses the safety profile of 

SGLT2is, essentially based on studies having evaluated the three SGLT2is marketed 

in US and in numerous European countries, canagliflozin [26, 27], dapagliflozin  [28, 

29], and empagliflozin [30, 31].  Data were derived from prospective randomized 

controlled trials (RCTs, including meta-analyses when available), real-life 

observational retrospective studies, and case reports published in the literature or 

submitted to the US Food and Drug Administration (FDA) or the European 

Medications Agency (EMA). 

To identify relevant studies, an extensive literature search on MEDLINE and 

EMBASE was performed from January 2012 to March 2019, with the terms “SGLT2 

inhibitor” or “gliflozin” combined with “safety” or “tolerance” or “adverse event” or “side 

effect”. A further research was performed with each of the generic names of the 

SGLT2is that are commercialized worldwide (“canagliflozin”, “dapagliflozin”, 

“empagliflozin”, and the recent “ertugliflozin”) or in Japan only (“ipragliflozin”, 

“luseogliflozin”, “tofogliflozin”). No language restrictions were imposed. Reference 

lists of original studies, narrative reviews, previous systematic reviews and meta-

analyses were also carefully examined. 



Acc
ep

ted
 M

an
us

cri
pt

 

 

2. Initial concerns   

2.1  Cardiovascular safety 

To fulfil the 2008 recommendations of the FDA, the CV safety of SGLT2is was 

demonstrated in three prospective CV outcome trials. They showed non inferiority 

(p<0.001) versus placebo of empagliflozin in EMPA-REG OUTCOME [7], 

canagliflozin in CANVAS [8] and dapagliflozin in DECLARE-TIMI 58 [9] in large 

cohorts of T2DM patients at high risk of CV disease. Of major clinical importance, 

SGLT2is showed superiority versus placebo considering the primary outcome of 3-

point MACEs in EMPA-REG OUTCOME and CANVAS or the co-primary outcome 

(hospitalization for heart failure and CV mortality) in DECLARE-TIMI 58 [10, 11]. 

Furthermore, consistent reductions in hospitalization for heart failure were reported in 

all three RCTs [11]. The CV safety and efficacy of ertugliflozin is currently 

investigated in VERTIS-CV trial [32]. 

These data from RCTs were confirmed in real-life conditions where SGLT2is 

were associated with reductions in all-cause mortality and hospitalization for heart 

failure in CVD-REAL worldwide registries [33, 34] and in the EASEL study in US [35]. 

 

2.2  GFR decline and acute renal failure 

In addition to a reduction in MACEs in T2DM patients at high CV risk, SGLT2is 

were shown to reduce renal surrogate endpoints and hard clinical outcomes [11, 36].  

A composite renal outcome (i.e. progression to macroalbuminuria, doubling in serum 

creatinine, end-stage kidney disease, or death from renal causes) was significantly 

reduced in EMPA-REG OUTCOME with empagliflozin [37], CANVAS with 

canagliflozin [38] and DECLARE-TIMI 58 with dapagliflozin [9].  In both EMPA-REG 

OUTCOME [39] and CANVAS [40], the safety profile of the empagliflozin and 

canagliflozin, respectively, was similar in patients with eGFR < or > 60 ml/min/1.73 

m². Of note, a reduction in MACEs and mortality was reported in both subgroups. No 

increased risk of acute renal injury (AKI) was detected in the three CV outcome trials 

among T2DM patients treated with SGLT2is compared to placebo (Table 1).  

However, scattered reports suggested that there might be a risk for AKI with the 

use of SGLT2is, which occasionally might require renal replacement therapy [41, 42]. 

Several mechanisms have been proposed to explain a risk of AKI with SGLT2is : 
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effective volume depletion (if ongoing dehydration or intensive diuretic therapy), 

excessive decline in trans-glomerular pressure (if concomitant blockade of the renin-

angiotensin-aldosterone system), induction of renal medullary hypoxic injury (for 

instance, triggered by nonsteroidal anti-inflammatory drugs) [15]. Because a higher 

proportion of cases with AKI among reports with SGLT2is in the FDA adverse event 

report system (FAERS) database [43], AKI is listed as a potential side effect of 

SGLT2is. It is imperative to ascertain whether the reported acute renal failure 

represents true structural kidney injury or only a functional, potentially reversible, 

decline in eGFR [44].  

A network and cumulative meta-analysis of RCTs provided divergent results 

between the three SGLT2is regarding the risk of adverse renal events (more 

favorable profile with empagliflozin than with dapagliflozin), yet further data from large 

long-term RCTs and well-conducted observational studies in a real-world setting are 

warranted before drawing any conclusion [45]. The real-life risk of AKI associated 

with SGLT2i use was assessed in two US large health care utilization cohorts of 

patients with T2DM using a propensity-matched analysis. In both cohorts, the risk of 

AKI was significantly lower rather than higher in SGLT2i users than in non-users 

(adjusted hazard ratio or aHR = 0.4; 95% CI 0.2-0.7; P = 0.004 and aHR = 0.6; 95% 

CI 0.4-1.1; P = 0.09), respectively) [46]. Similarly, in T2DM patients from a large 

health organization in Israel, the risks of AKI was lower (OR = 0.47, 95% CI 0.27-

0.80) in patients initiating SGLT2-i versus DPP-4 inhibitors, in a study that also 

showed reductions in hospitalization and all-cause mortality in the SGLT2i cohort 

[47]. In a register-based cohort study from Sweden and Denmark, new use of 

SGLT2is, as compared with GLP-1 receptor agonists, was not associated with an 

increased risk of AKI (HR = 0.69; 95% CI 0.45-1.05) [48]. Thus, these real-world data 

from a variety of countries support reassuring findings from previous RCTs showing 

no increased AKI risk among SGLT2i users. This has been confirmed in special 

conditions such as the Ramadan period. Diurnal fasting was associated with 

significant changes in eGFR regardless whether patients were on SGLT2i treatment, 

and continued use of SGLT2is during Ramadan did not increase the risk of eGFR 

deterioration [49]. 

 

2.3  Risk of hypoglycemia 
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Hypoglycemia is commonly considered as one of the most frightened risk when 

using GLAs in diabetic patients [50]. The insulin-independent mechanism of SGLT2is 

leads to improved glycemic control, with a limited risk of hypoglycemia [3, 4]. In the 

three large prospective CV outcome trials, the risk of hypoglycemia was similar in the 

groups treated with a SGLT2i compared to the placebo groups [7-9] (Table 1)  

These results confirmed what has been reported in meta-analyses of phase 2-

3 RCTs, with all SGLT2is taken together [51], or with each of them, canagliflozin [52], 

dapagliflozin [53] and empagliflozin [54] (Table 2). Overall, the risk of hypoglycemia 

with SGLT2is is similar to that observed with placebo or with active comparators such 

as metformin, glitazones or gliptins, and lower than that reported with sulfonylureas 

or insulin. As a consequence, SGLT2is are considered as a good choice as add-on 

therapy to metformin when glycated hemoglobin (HbA1c) is not at target and if 

avoidance of hypoglycemia is a major goal [12]. If an SGLT2i is added to a 

sulfonylurea or insulin therapy, hypoglycemia may occur, a condition that may require 

a reduction in the daily dosage of the insulin secretagogue or exogenous insulin.   

A condition that may favor hypoglycemia is skipped or postponed meal and 

prolonged fasting. A study showed that continued use of SGLT2is during Ramadan 

does not increase the risk of hypoglycemia [49] and another one reported that 

switching from a sulfonylurea to an SGLT2i in the fasting month of Ramadan is 

associated with a reduction in hypoglycemia [55]. 

 

2.4  Urinary tract infections 

Some early phase 2-3 studies have shown that pharmacologically-induced 

glucosuria with SGLT2is slightly increases the risk of developing urinary tract 

infections (UTIs) [19]. However, a definitive dose relationship of the incidence of 

these infections with the SGLT2i doses or with the amount of urinary glucose 

excretion was not evident in the existing data [56]. Reassuring data were reported in 

the three large CV outcome RCTs with empagliflozin in EMPA-REG OUTCOME [7], 

canagliflozin in CANVAS [8] and dapagliflozin in DECLARE-TIMI 58 [9] as all showed 

no significant increase in UTIs in patients treated with the SGLT2i vs. those treated 

with placebo (Table 1). 

The results of meta-analyses of RCTs were somewhat discordant according to 

the timing of the report, with progressive reports of reassuring data (Table 2). In a 

first meta-analysis published in 2013, the incidence of UTIs was significantly 
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increased in patients treated with SGLT2is compared to both placebo and active 

controls [51]. In a second pooled analysis of 1 to 2-year RCTs published in 2015, 

SGLT2is increased the risk of UTIs compared to a placebo but not compared to other 

oral antidiabetic agents [57]. Finally, a more recent meta-analysis of 86 RCTs 

enrolling 50,880 T2DM patients published in 2018 showed that the risk of UTIs was 

not increased with SGLT2is compared to placebo or active comparators [58] (Table 

2).  

When meta-analyses of RCTs were performed for each SGLT2i, no consistent 

increase in UTIs was reported for canagliflozin [52, 59], dapagliflozin [51, 59] or 

empagliflozin  [54, 59] when compared to placebo and/or active controls (Table 2). 

Dapagliflozin was associated with a slight increase in UTIs in a dedicated analysis of 

pooled data of phase 2-3 RCTs [60] and this occurred mainly with the dose of 10 mg. 

[58, 59, 61]. UTIs with dapagliflozin as with other SGLT2is were generally mild to 

moderate and easily manageable [29, 62].  

These data from RCTs were confirmed in real life conditions. In a retrospective 

study using electronic general practitioner records in Australia, the frequency of UTIs 

in the 6-month period following initiation of SGLT2i therapy was not significantly 

increased compared to initiation of a DPP-4 inhibitor (aHR = 0.90, 95% CI 0.66-1.24) 

[63]. In a register-based cohort study carried out in Sweden and Denmark, the 

incidence of serious UTIs was similar in new users of SGLT2is and new users of 

GLP-1 receptor agonists (HR = 0.89; 95% CI 0.67-1.19) [48]. 

Pyelonephritis and urosepsis were uncommon adverse events, with no 

imbalance in RCTs between groups of patients treated with SGLT2is and groups of 

patients treated with placebo [7-9] or active glucose lowering agents [57]. Only a few 

cases were described as case reports in real-fife conditions [64]. Nevertheless, 

several life-threatening cases of urosepsis and pyelonephritis were reported to the 

FDA. Yet the causal relationship with the SGLT2i remains uncertain, post-marketing 

surveillance studies were recommended [58]. 

  

2.5  Mycotic genital infections 

In contrast with UTIs, mycotic genital infections were consistently shown to be 

more frequent in patients treated with SGLT2is compared with placebo or other 

GLAs. An increase in mycotic infections was observed with the SGLT2is vs placebo 

in EMPA-REG OUTCOME [7], CANVAS [8] and DECLARE-TIMI 58 [9] (Table 1). 
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These data confirmed what was reported in meta-analyses of RCTs when SGLT2is 

were compared to placebo and/or other GLAs [51, 57, 58] (Table 2). Data may 

slightly vary from study to study, presumably depending on the population 

characteristics, the mode of collecting and reporting adverse events or the study 

design rather than the type of SGLT2i itself [65]. Overall, the odds ratio (OR) varied 

between 3 and 6 when comparing SGLT2is with placebo or active GLAs. Events 

were generally mild to moderate in intensity, clinically manageable with good 

response to standard antimycotic therapy, and rarely led to discontinuation of 

treatment [66-68]. Overall, the risk of genital infections was twice higher in women 

than in men. No obvious differences were observed when comparing the results of 

meta-analyses of RCTs with canagliflozin  [52, 59], dapagliflozin [51, 59] and 

empagliflozin  [54, 59] (Table 2). A post-hoc analysis of RCTs suggested that DPP-4 

inhibitors may moderate the risk of genital infections associated with SGLT2is, yet 

the underlying mechanism remains unclear [69]. 

Findings in real-life practice from a large commercially insured population in 

US showed that initiation of SGLT2is was associated with an increased risk for 

mycotic infections across all time periods, with the strongest effect observed in the 

90-day interval [70]. The ABCD (Association of British Clinical Diabetologists) 

nationwide dapagliflozin audit investigated possible risk factors for developing genital 

infections among patients treated with dapagliflozin [71]. Only patient sex (13.2% 

women vs. 3.3% men) and prior history of genital fungal infection (21.6% vs. 7.3%) 

were found to be associated with occurrence of genital mycotic infections after 

dapagliflozin treatment. A retrospective study using electronic general practitioner 

records from the NPS MedicineWise MedicineInsight program in Australia confirmed 

that genital infections were more frequent in T2DM patients treated with SGLT2is 

(mainly dapagliflozin) than in those treated with DPP-4 inhibitors (2.9% vs. 0.9%, 

aHR = 3.50, 95% CI 1.95-5.89) [63].  

There is a wide clinical spectrum of genital infections associated with SGLT2is 

with most being generally mild and easily treated. However, several risk factors such 

as poorly controlled diabetes, severe obesity, poor hygienic habits, 

immunosuppressed states may increase the risk of potentially more severe infections 

such as Fournier's gangrene (see specific topic below). 

 

2.6  Volume depletion/dehydration/hypotension 
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The osmotic/diuretic effect of SGLT2is may lead to some adverse events related 

to volume depletion in susceptible subjects [24]. In EMPA-REG OUTCOME, the 

proportions of patients with adverse events consistent with volume depletion were 

similar in those treated with placebo, empagliflozin 10 mg and empagliflozin 25 mg, in 

a population with a mean age of 63 years and antecedents of CV disease and 

already treated with various antihypertensive agents (among which 43 % of patients 

received diuretics) [7] (Table 1). More adverse events related to volume depletion 

were reported in the canagliflozin group than in the placebo group in CANVAS (26.0 

vs. 18.5 event rate per 1000 patient.years, p=0.009)  [8]. In contrast, the rates of 

hypotension and dehydration were low and almost similar in dapagliflozin-treated 

patients and placebo-treated patients in DECLARE-TIMI 58 [9] (Table 1). 

A more than twofold higher risk for hypotension was found with SGLT2is than with 

other GLAs in a systematic review [51]. However, these findings were not confirmed 

in another meta-analysis of 19 RCTs comparing SGLT2i (canagliflozin and 

dapagliflozin) vs. placebo or active comparators, which showed similar rates of 

symptomatic orthostatic hypotension [72]   (Table 2). A similar proportion of patients 

experienced measured orthostatic reactions with dapagliflozin 10 mg versus placebo 

in hypertensive (6.1% and 6.6%, respectively) and non-hypertensive (4.0% and 

4.2%) patients [73]. A non-significant trend for higher risk of volume-related adverse 

events was reported with canagliflozin vs. placebo, but not vs. other GLAs [52]. In 

placebo-controlled studies, non-serious volume-related events (0.8 vs 0.4 %) 

occurred slightly more often with dapagliflozin than placebo [62]. The risk of volume-

related adverse events associated with empagliflozin was not different compared with 

placebo, whatever the dose used 10 mg or 25 mg [54] (Table 2). 

Although both efficacy and safety of SGLT2is in elderly patients were consistent 

with what was observed in the general population [74], treatment associated risks 

and benefits should be assessed in geriatric patients on a case-by-case basis. 

Indeed, the osmotic diuretic effect may lead to postural hypotension and dizziness in 

susceptible older subjects [75]. Dose adjustment and special caution may be 

recommended in patients on loop diuretics, especially in elderly people, if there are 

concerns or symptoms of volume-related side effects or impaired renal function [76]. 

Some digestive diseases (gastroenteritis) or some climate conditions may also be 

aggravating factors in T2DM patients treated with SGLT2is. However, in hot climate 

subsets, canagliflozin was generally well tolerated, and rates of volume depletion-
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related adverse events were low [77]. A study comparing SGLT2is vs. sulfonylureas 

during Ramadan, including no drink during the fasting period of the day, showed no 

increased risk of hypotension with SGLT2is [55]. 

 

2.7  Cancer risk 

Excess numbers of female breast cancer and male bladder cancer were noted 

in early clinical trials with dapagliflozin [51]. Although the number of cases was low 

and differences did not reach statistical significance versus comparators, these initial 

observations resulted in delayed commercialization of dapagliflozin. New clinical data 

suggested that the imbalance of bladder and breast cancer might be due to early 

diagnosis rather than a real increase of cancer incidence [78]. Overall current 

evidence does not suggest a causal relationship between dapagliflozin and bladder 

cancer [79]. In DECLARE-TIMI 58, the incidence of bladder cancer was significantly 

lower (0.3 vs 0.5 %; HR = 0.57 95% CI 0.35-0.93; P = 0.02) rather than higher among 

patients treated with dapagliflozin compared to patients treated with placebo, 

whereas the incidence of breast cancer was similar in both groups (0.4 vs 0.4 %, P = 

0.92) [9] (Table 1).   

An increased risk of bladder or breast cancer was noted neither for canagliflozin 

[78] nor for empagliflozin [30, 31]  in phase 2-3 RCTs. However, according to a 

systematic review of RCTs, the risk of bladder cancer might be increased with 

SGLT2is (OR 3.87 [95% CI 1.48, 10.08]), with a higher risk associated with 

empagliflozin (OR 4.49 [95% CI 1.21, 16.73]). These surprising latter results were 

mainly based on the data from EMPA-REG OUTCOME [80]. However, these findings 

have been challenged [81], with a new analysis of the data showing an OR of 1.25 

with a P value = 0.71 [82] or a non-significant trend towards increased RR of bladder 

cancer with empagliflozin versus placebo (RR = 1.20; 95% CI 0.42- 3.40 for the 

intention-to-treat data set and RR = 1.83; 95% CI 0.51-6.56 for the on-treatment data 

set) [83].    

In a systematic review of 46 independent RCTs with a mean trial duration of 61 

weeks, 580 cases of cancer were identified among 34,569 individuals [80]. When 

compared with placebo or other active GLAs, SGLT2is were not significantly 

associated with an increased risk of overall cancer (OR = 1.14; 95% CI 0.96-1.36]). 

While an increased risk of bladder cancer was found as already discussed, the same 

work showed that canagliflozin might be protective against gastrointestinal cancers 
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(OR = 0.15; 95% CI 0.04- 0.60]) [80]. Thus, current evidence from short-term RCTs 

(24-104 weeks) did not indicate a significantly increased risk of overall cancer among 

individuals with T2DM using SGLT2is and these results were confirmed in the three 

CV outcome trials with a median duration of 2 to 4 years (Table 1). Given the rather 

short-term trial durations and some uncertainties of evidence, future 

pharmacovigilance studies are still warranted [80].  

Assessments of tumorigenicity risk consistently showed no effects with 

dapagliflozin and selective SGLT2 inhibition in general [84]. Thus, overall, available 

experimental and clinical data appear reassuring regarding cancer risk with SGLT2is 

[65]. By contrast, some experimental data were promising.  Indeed, functional 

expression of sodium-glucose transporters is present in various cancers where they 

supply the tumor cells with glucose for euglycemic glycolysis and energy fuel [85]. 

Thereby, it has been suggested that tumor growth of carcinoma expressing SGLT2 

can be slowed down by an SGLT2i [86]. Some examples have already been reported 

with dapagliflozin in human renal carcinoma [87] and with canagliflozin in 

hepatocellular carcinoma [88]. Further studies should better delineate the risk/benefit 

ratio of SGLT2is regarding cancer. 

 

3. Further concerns 

3.1  “Euglycemic” ketoacidosis 

Both the US FDA [89] and the EMA [90] warned that SGLT2is may result in 

euglycemic diabetic ketoacidosis (DKA) and recommended a careful post-marketing 

surveillance of all SGLT2is.  

Of note, very few cases of DKA were observed in the large development 

clinical program with all SGLT2is [29, 91, 92]. DKA episodes were also rarely 

reported in the three CV outcome trials, yet with a trend to higher incidence in 

patients treated with an SGLT2i compared to patients having received placebo (Table 

1). The overall DKA incidence increases in both SGLT2i and placebo treatment 

groups in the three successive trials, with a very low incidence in EMPA-REG 

OUTCOME, an intermediate incidence in CANVAS and a higher incidence in 

DECLARE-TIMI 58 (Table 1). This trend might be explained by an increased 

awareness of this metabolic complication following the warnings by the regulatory 

agencies. In DECLARE-TIMI 58, DKA, although reported as a very rare adverse 

event, was more common with dapagliflozin than with placebo, more than 80% of 
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patients with DKA being insulin-treated at baseline [9]. A meta-analysis of all RCTs 

with a duration of treatment>/=12 weeks, enrolling patients with T2DM, and 

comparing a SGLT2i with placebo or other comparators did not show any significant 

increase in DKA episodes [92] (Table 2 and Table 3). Overall, these data indicate 

that the risk of DKA in T2DM patients is very low when the SGLT2i is properly 

prescribed as in RCTs.  

However, the situation might be different in real life conditions, yet available 

observations are quite heterogeneous. Using a large insurance claims US database, 

an observational study reported an almost twofold numerical increased DKA risk in 

new users of SGLT2is compared to non-SGLT2i users among the 30,196 exposure 

propensity score-matched pairs; however, the risk became negligible among the 

27,515 matched pairs that excluded potential autoimmune diabetes [93] (Table 3). In 

another quite similar US study, the risk of DKA within the first 180 days after the 

initiation of a SGLT2i was twofold higher versus a DPP-4 inhibitor used as reference 

(HR = 2.2 after propensity-score matching) and the results were robust across 

sensitivity analyses, including in patients not receiving insulin [94] (Table 3). 

However, in another nationwide population-based cohort study using claims data 

from the Korean Health Insurance Review and Assessment Service, the risk of 

hospitalization for DKA was not increased in SGLT2i users vs. DPP-4 inhibitor users 

[95] (Table 3). In a Danish nationwide retrospective cohort study, there were only six 

events of DKA in a total of 3,811 person-years of observation in any treatment 

combination using SGLT2i, corresponding to a nonsignificant HR of 1.6 [96]. In a 

retrospective analysis of registers from Sweden and Denmark, the use of SGLT2 

inhibitors, as compared with GLP1 receptor agonists, was associated with a twofold 

higher risk of DKA [48] (Table 3).   

Pharmacovigilance studies reported more alarming data to the US FDA. In 

2015, a first series of 13 episodes of SGLT2i-associated euglycemic DKA or ketosis 

in nine individuals was collected from various practices across the U.S., seven with 

T1DM and two with T2DM [20]. According to a 2017 publication that used the US 

FAERS database, the proportional reporting ratio of DKA in reports including vs those 

not including an SGLT2i was 7.9 (95% CI 7.5, 8.4) for the whole population and was 

much higher for T1DM (proportional reporting ratio 57.3) [97] (Table 3). A further 

report based on FAERS showed that the overall risk of developing acidosis was ~14-
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fold higher for SGLT2is compared to DPP-4 inhibitors. After excluding patients with 

T1DM, it has been estimated that patients with T2DM treated with SGLT2is were 

associated with ~7-fold increase in developing DKA compared to DPP-4 inhibitor 

users [98] (Table 3). In another review of FDA data, 172 cases of SGLT2i-related 

DKA were collected in individuals above the age of 40 who were not on insulin, and 

thus presumably were true T2DM patients [99]. Also in Australia, SGLT2i-associated 

DKA episodes were reported in a mixed population of patients with T2DM or T1DM 

[100].  In the World Health Organization's pharmacovigilance database, VigiBase, 

487 cases of DKAs exposed to SGLT2is were collected. A case-noncase study 

showed that DKA was significantly more frequently reported with SGLT2is than with 

other GLAs (adjusted reporting OR = 15.5) (Table 3). Of note, the disproportionality 

of gliflozin reports was also found before the warnings issued by the FDA and the 

EMA [101]. 

The risk of euglycemic DKA is much greater in patients with T1DM than in 

patients with T2DM and, not surprisingly, T2DM patients with low C-peptide levels 

are at increased risk [99]. Although inappropriate insulin dose reduction certainly 

plays a major role in most instances, other mechanisms may be considered such as 

reduced renal excretion of ketone bodies, noninsulin-dependent glucose clearance, 

carbohydrate intake restriction, volume depletion and hyperglucagonemia [20, 102-

104]. Patients with T2DM who developed DKA were generally exposed to special 

clinical conditions. A well-recognized condition concerns the period following 

abdominal surgery, which exposes patients to a deleterious combination of 

inadequate insulin management, reduced caloric/carbohydrate intake and high levels 

of post-surgical counter-regulatory hormones (glucagon, epinephrine) [105]. 

According to a report from the US FAERS, SGLT2i-associated DKA may not be 

limited to any particular demographic or comorbid subpopulation and may occur at 

any duration of SGLT2i use [97].  

 

3.2 Bone fractures 

Several observations indicate that SGLT2is may alter calcium and phosphate 

homeostasis and thereby potentially affect bone mass and fracture risk [106-109]. 

Nevertheless, available results from RCTs with dapagliflozin and empagliflozin 

appear overall reassuring and alarming data with canagliflozin remain limited to the 
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CANVAS program [110] (Table 1). Two recent meta-analyses of RCTs did not report 

an increased risk of bone fracture in patients treated with SGLT2is compared to 

placebo, considering all SGLT2is together or each individual agent within the class 

[111, 112] (Table 2). In a recent network meta-analysis of 40 RCTs including 32,343 

T2DM patients with 466 fracture cases, no association between risk of fracture and 

SGLT2i use could be detected [113]. Intriguingly, this work showed a trend for lower 

association with fracture risk for canagliflozin, dapagliflozin and empagliflozin use 

when compared to placebo, but a trend for higher associations for each SGLT2i 

when compared to active treatment [113] (Table 2).   

Dapagliflozin increased serum phosphate, plasma parathyroid hormone and 

fibroblast growth factor 23 and decreased serum 1,25-dihydroxyvitamin D levels in 

patients with T2DM and early-stage diabetic kidney disease [108]. However, 

dapagliflozin had no effect on markers of bone formation and resorption or bone 

mass densitometry (BMD) after 50 weeks of treatment in both male and post-

menopausal female patients whose T2DM was inadequately controlled on metformin 

[114]. Similar favorable data were reported after 102 weeks of therapy with 

dapagliflozin, as no meaningful changes from baseline in markers of bone turnover or 

BMD were identified compared with placebo [115]. In a pooled analysis, there was no 

imbalance in fractures between dapagliflozin and comparator groups (overall 

incidence, <1.6 %). However, in patients with moderate chronic kidney disease, 

incidence of fractures was higher in dapagliflozin recipients than in placebo recipients 

[116]. Three meta-analyses showed no significant increase in the rate of fractures 

among patients treated with dapagliflozin compared to those treated with placebo or 

other GLAs [111-113]  (Table 2). In DECLARE-TIMI 58, after a median follow-up of 

4.2 years, the incidence of bone fractures was similar in patients treated with 

dapagliflozin or placebo [9] (Table 1).  

The effect of empagliflozin on bone fractures in patients with T2DM has been 

assessed in pooled placebo-controlled phase 1-3 trial data and a 104 weeks with a 

104-week extension head-to-head study versus glimepiride [117]. Empagliflozin did 

not increase the risk of bone fracture compared with placebo in a pooled analysis of 

>12,000 patients (2.8% with 10 mg vs. 2.5% with 25 mg vs. 2.9% with placebo) or 

compared with glimepiride (4.1 vs. 4.2%). No significant increases in the incidence of 

bone fractures were reported in several meta-analyses that compared empagliflozin 

with placebo [112, 113], placebo or active comparators [111] and other GLAs [113] 
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(Table 2). In the EMPA-REG OUTCOME trial, the incidence of bone fracture during 

the 3 years of follow up was similar with placebo, empagliflozin 10 mg and 

empagliflozin 25 mg [7] (Table 1). 

Available data regarding the effects of canagliflozin on bone metabolism 

raised some suspicion and a warning was published by the FDA in 2015 [118]. An 

initial safety analysis of canagliflozin trials noted a nonsignificant imbalance in 

fracture incidence in patients treated with canagliflozin compared with control patients 

[51]. In a later clinical program-wide analysis, canagliflozin was associated with an 

increased fracture risk that was driven by a higher incidence in CANVAS (incidence 

per 100 patient-years of 1.6, 1.6, and 1.1 with canagliflozin 100 and 300 mg and 

placebo), resulting in a significantly higher incidence rate in canagliflozin-treated 

patients than in placebo-treated controls [119] (Table 1). The use of the difference in 

restricted mean survival time, an alternative measure to the hazard ratio, confirmed 

that canagliflozin increased the risks of bone fracture in CANVAS [120].  Fractures 

tended to occur as early as 12 weeks after initiating treatment and were primarily 

located in the distal parts of the upper and lower extremities. This particular 

topography may suggest that the increase in fractures observed in CANVAS might be 

mediated by falls. However, an effect on bone could not be excluded even if a direct 

effect of canagliflozin on bone-related biomarkers was not described [119, 121], 

except perhaps in older patients with T2DM [122]. T2DM patients recruited in 

CANVAS were older, with a prior history/risk of CV disease, and with lower baseline 

eGFR and higher baseline diuretic use [123] than patients recruited in the clinical 

development program. Several meta-analyses of pooled phase 2-3 RCTs did not 

show any significant increase in the incidence of bone fractures when canagliflozin 

was compared with placebo and active controls [111], placebo [112, 113] or other 

GLAs  [113] (Table 2).  

Overall, reassuring data were reported in real-life conditions. In a population-

based, open cohort study using The Health Improvement Network in UK, no 

increased risk of treatment-emergent fractures could be detected in patients with 

T2DM and with no history of fractures at baseline who initiated treatment with 

dapagliflozin vs. other GLAs : adjusted HR = 0.87 (95% CI 0.56-1.35) for fragility 

fracture and 0.89 (95% CI 0.66-1.20) for any fracture  [124]. In a population-based 

new-user cohort study using two large U.S. commercial health care databases, 

canagliflozin was not associated with increased risk for fracture compared with GLP-
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1 receptor agonists among middle-aged patients with T2DM and relatively low 

fracture risk [125]. Similarly, a retrospective analysis of two nationwide registries 

(Sweden and Denmark) showed no significant increase in the risk of bone fracture 

when comparing SGLT2i new users (dapagliflozin, 61%; empagliflozin, 38%; 

canagliflozin, 1%) with patients newly treated with a GLP-1 receptor agonist (HR = 

1.11; 95% CI 0.93-1.33) in two propensity score matched cohorts [48]. 

 

 

4. Recent concerns 

4.1  Lower limb amputations (LLA) 

The results regarding a possible increased risk for LLA associated with SGLT2is 

are highly heterogeneous (Table 4). Nevertheless, in May 2017, the EMA decided to 

include a warning in the prescribing information for the three SGLT2is 

commercialized in Europe, canagliflozin, empagliflozin and dapagliflozin [126]. 

Since the intermediate analysis of the safety results of CANVAS by the FDA, a 

higher risk of LLA was suspected with canagliflozin. This risk was confirmed in the 

final publication of the CANVAS program in June 2017, with almost a doubling of the 

incidence of LLA in T2DM patients at high risk of CV disease treated with 

canagliflozin 100-300 mg/day compared with patients receiving a placebo (HR = 1.97 

(1.41-2.75) [8] (Table 1). Consequently, the FDA required a boxed warning to be 

added to the canagliflozin drug label [127]. No such increase in the incidence of LLA 

was noticed neither with empagliflozin in EMPA-REG OUTCOME [128] nor with 

dapagliflozin in DECLARE-TIMI 58 [9] (Table 1). Using an alternative measure to the 

hazard ratio (difference in restricted mean survival time without LLA), a significant 

difference was observed in CANVAS but not in EMPA-REG OUTCOME [120]. In a 

post-hoc subanalysis of EMPA-REG OUTCOME, the risk of LLA was not significantly 

increased with empagliflozin relative to placebo in the overall study population or in 

patients with or without peripheral artery disease [129]. However, in contrast to what 

was done in CANVAS [8], amputation incidents were considered as serious adverse 

events only and not as prespecified events of special interest in EMPA-REG 

OUTCOME. Thereby, one might speculate that they were not always properly 

collected in this multinational CV outcome trial [128]. In DECLARE-TIMI 58, 

prospective ascertainment of LLA events and their etiologies was done without 

difference between the dapagliflozin and the placebo groups [9]. 
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Meta-analyses of phase 2-3 RCTs with empagliflozin [130] or dapagliflozin [29] 

did not show any difference in LLA between SGLT2is and placebo or GLAs (Table 4). 

In a recent meta-analysis of 14 RCTs, a numerical trend for increased OR in LLA was 

reported with all SGLT2is, which was significant with canagliflozin but not with 

empagliflozin [131] (Table 4). However, as amputations were collected as adverse 

events rather than prespecified events of special interest, the incidence of minor LLA, 

such as toe amputations with SGLT2is, might have been underestimated or 

misclassified in phase 2-3 RCTs [132]. 

Contrasting findings regarding a possible association between SGLT2is and 

LLA were reported in observational cohort studies, even when the same set of data 

was considered, i.e. the US Truven Health MarketScan database (Table 4). A 

retrospective cohort analysis showed a significantly lower risk of LLA with SGLT2is 

vs. sulfonylureas and a trend for lower risk compared to DPP-4 inhibitors [133]. In a 

further analysis focusing on canagliflozin, the incidence rates of LLA were similar in 

patients newly exposed to canagliflozin and in those treated with non-SGLT2i GLAs, 

matched on propensity scores [134]. These reassuring data were somewhat different 

from others collected in the same US Truven Health MarketScan database. Indeed, 

another analysis also using propensity matching score showed that the incidence of 

LLA was numerically higher among SGLT2i patients than among patients treated with 

DPP-4 inhibitors (HR = 1.38; 95% CI 0.83-2.31); subgroup analyses suggested that 

all three SGLT2is canagliflozin, dapagliflozin and empagliflozin had an elevated, 

though not statistically significant, risk for amputations, which was surprisingly higher 

with dapagliflozin and empagliflozin than with canagliflozin [135] (Table 4). In another 

retrospective analysis that used propensity score weighting and adjustment for 

demographics, severity of diabetes, comorbidities, and medications, there was a non-

statistically significant increased risk of LLA associated with new use of SGLT2is 

compared with DPP-4 inhibitors or GLP-1 receptor agonists. However, new use of 

SGLT2is was significantly associated with a twofold increased incidence of LLA 

compared with other GLAs (sulfonylureas, metformin, thiazolidinediones) [136] (Table 

4). 

Heterogeneous results were also reported using other databases in US or in 

Europe (Table 4). In the EASEL US cohort study, the initiation of SGLT2is was 

associated with an approximately twofold higher risk of LLA compared with non-
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SGLT2is. Due to the disproportionate canagliflozin exposure in this database, the 

majority of amputations were observed on canagliflozin [36]. However, in a real-world 

meta-analysis of four observational US databases (OBSERVE-4D), the estimate for 

LLA with canagliflozin vs non-SGLT2i was 0.75 (95% CI, 0.40-1.41) in the on-

treatment analysis and 1.01 (95% CI, 0.93-1.10) in the intent-to-treat analysis. No 

consistent differences were observed between canagliflozin and other SGLT2is [137] 

(Table 4). A retrospective analysis of nationwide registers from two European 

countries (Sweden and Denmark) showed that the use of SGLT2is, as compared with 

GLP-1 receptor agonists, was associated with a twofold increased risk of LLA, yet the 

overall incidence rate was rather low [48] (Table 4). In a cohort of 328 150 individuals 

from the US MarketScan Commercial Claims and Encounters Database, the 

estimated hazard of LLA was moderately increased among SGLT2i initiators 

compared to DPP-4 inhibitor initiators but not compared to sulfonylurea initiators 

(Table 4) or non-metformin, non-SGLT2i initiators (aHR = 1.02, 95% CI 0.54-1.93) 

[138]. 

Pharmacovigilance data suggested much higher risk of LLA associated with 

SGTL2is compared with non-SGLT2is. However, data from the US FAERS were 

somewhat disturbing. Indeed, opposite results were obtained when the analysis 

considered SGLT2is prescribed with no filter indication (increased risk) or when it 

was restricted to T2DM indication (no increased risk) [139] (Table 4). By using the 

WHO global database of individual case safety reports (VigiBase®), 79 reports of 

LLA associated with SGLT-2 inhibitors were identified [140]. The proportional 

reporting ratio of LLA was increased only for SGLT2is among all GLAs, a higher risk 

noticed not only for canagliflozin, but also for empagliflozin and, for toe amputations 

only, for dapagliflozin (Table 4).  Despite important limitation due to possible biases 

inherent to pharmacovigilance studies and the limited number of cases, especially for 

empagliflozin and dapagliflozin, the question arose whether LLA may be a class 

effect shared by all SGLT2is [21, 140]. 

 

4.2  Fournier gangrene 

Necrotizing fasciitis of the perineum, also known as Fournier’s gangrene, is a 

serious infection of the tissue under the skin that surrounds muscles, nerves, fat and 

blood vessels in the area around the genitals. Diabetes is known a risk factor for 
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developing Fournier’s gangrene; however, this condition is still rare among diabetic 

patients with only six cases reported to the FDA in the last 30 years, although more 

cases were described in the literature. The first case of Fournier's gangrene in a 

T2DM man treated by an SGLT2i (empagliflozin) was published in 2017 [141]. In the 

last 5-year period (March 2013 to May 2018), 12 cases (7 men and 5 women) of 

Fournier’s gangrene in patients taking an SGLT2i have been identified by the FDA. 

The infection developed within months after starting SGLT2i therapy and the 

medication had to be discontinued in most cases. All patients have been hospitalised 

with one registered fatality, several cases with a need of disfiguring surgical 

procedures and some developing a variety of complications [142]. Because of these 

alarming observations, the FDA decided three complementary measures. First, 

healthcare professionals have received information to start treatment immediately of 

any newly identified cases with broad-spectrum antibiotics, surgery if necessary and 

to discontinue the SGLT2i. Second, patients have been warned to seek immediate 

medical attention in the case of any symptoms of subcutaneous infection around the 

genitals, accompanied with high fever. Third, the regulator asked pharma companies 

to revise medical information attached to their SGLT2is to include this new warning 

risk. 

No cases of Fournier gangrene were mentioned in the publication of EMPA-REG 

OUTCOME [7] and CANVAS [8]. In DECLARE-TIMI 58, the most recent CV outcome 

trial, with the largest cohort and the longest follow-up, six cases were reported, one in 

the dapagliflozin group and five in the placebo group, thus reassuring data [9]. 

However, further observational studies on large well-matched cohorts are required to 

draw any firm conclusion. 

4.3 Skin disorders 

A post hoc analysis of phase 2/3 RCTs indicated that dapagliflozin does not lead 

to an increased risk of serious hypersensitivity reactions or potentially 

hypersensitivity-related skin events among patients with T2DM, including Asian 

patients [143]. By analysing adverse events reported in international 

pharmacovigilance databases (Eudravigilance, WHO-Vigibase and FAERS), 

skin toxicity emerged as potential signal (e.g., rash, photosensitivity, urticaria), both 

for SGLT2is as a class and as individual drugs. The conclusion was that this 
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unexpected signal of skin toxicity justifies active vigilance by clinicians and "real-time" 

monitoring by pharmacovigilance experts [144]. A recent post-marketing surveillance 

study using the Japanese Adverse Drug Event Report database found a significantly 

increased adjusted reporting odds ratio of a variety of serious skin disorders for 

ipragliflozin  (OR = 1.667; 95% CI 1.415-1.963) compared to other GLAs as 

references, but not for other SGLT2is (canagliflozin, dapagliflozin, empagliflozin, 

luseogliflozin, tofogliflozin)  [145]. The skin tissue-to-plasma concentration ratio 

of ipragliflozin increased in a time-dependent manner (> 5 at 24 hr), but not in case of 

other SGLT2is. Of note, information obtained by data mining of spontaneous reports 

is only a signal, and no causal relationship could be demonstrated [145]. 

 

5. Conclusion 

The overall safety profile of SGLT2is is good, with a limited risk of hypoglycemia. 

Because of the specific mechanism of action leading to increased UGE, a higher risk 

of mycotic genital infections and UTIs was suspected. A 3 to 6- fold increase in 

genital infections was consistently reported, both in RCTs and observational studies, 

whereas the increase in UTIs appeared almost marginal, with higher risks in women 

than in men.  The risk of volume depletion, including AKI, appears rather low, 

although caution is recommended in elderly fragile patients who are more commonly 

exposed to dehydration and orthostatic hypotension. A higher risk of euglycemic DKA 

is now a well-recognized adverse event linked to SGLT2is. However, despite some 

studies reported a two-fold increased risk when compared to other GLAs, DKA 

episodes associated with SGLT2is remain rare in patients with T2DM and occur 

mainly when patients are exposed to special conditions, especially immediately after 

surgery. An increased risk of bone fractures has been reported in CANVAS, which 

resulted in a warning by the FDA for canagliflozin. Other data from meta-analyses of 

RCTs, other CV outcome trials with empagliflozin and dapagliflozin and observational 

studies are reassuring, yet the duration of follow-up is probably too short to draw any 

definite conclusion. Again, a signal for higher risk of LLA was reported in CANVAS. 

No such signal was mentioned for dapagliflozin and empagliflozin in most RCTs and 

observational studies. Data with canagliflozin appear more heterogeneous, so that 

postmarketing surveillance is recommended. The recent warning by the FDA of 

cases of Fournier gangrene associated with SGLT2i use requires further data, but a 

higher risk was not recently found in DECLARE-TIMI 58 with dapagliflozin compared 
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to placebo. Overall, the benefits of SGLT2is, especially CV and renal protection, 

largely outweigh the risks of adverse events, especially in T2DM patients with CV 

disease. 

 

6. Expert opinion  

The main concern with all the available analyses, i.e. RCTs, observational 

studies and pharmacovigilance reports, is the rather low number of events, which 

results in high residual uncertainties in the possible conclusion that may be drawn. 

This may explain some inconsistencies between published results from meta-

analyses or from observational studies, sometimes even issued from a same 

database. The most alarming data were derived from pharmacovigilance reports to 

the FDA that publish RR values as high as 5-15 for some severe complications such 

as DKA (Table 3) or LLA (Table 4) with SGLT2is vs. other GLAs.  However, caution 

is required when interpreting these data. Indeed, previous pharmacovigilance reports 

with incretin-based therapies using the same methodology indicated a huge, highly 

statistically significant, increase in RR for acute pancreatitis, pancreatic cancer and 

thyroid cancer with DPP-4 inhibitors or GLP-1 receptor agonists when compared with 

other GLAs [146]. However, since that initial warning, numerous data from RCTs or 

observational studies were unable to confirm these adverse events, only a slight 

increase in acute pancreatitis with DPP-4 inhibitors being confirmed [147, 148]. 

The safety profile of SGLT2is has been compared with that of placebo or other 

GLAs, especially DPP-4 inhibitors. Indeed, the latter are generally well tolerated, 

similarly as placebo, with a large clinical experience [18]. The risk of genital mycotic 

infections with SGLT2is is multiplied by 3 to 5 in all studies, especially in women. 

Good hygienic measures may help reducing this complication, which is generally mild 

and easily treatable with local antimycotic medications. The risk of UTIs is only 

marginally increased as shown in phase 2-3 studies, with no increase in severe 

complications such as pyelonephritis or urosepsis. No difference in UTIs with 

SGLT2is vs. placebo could be detected in the three large long-term CV outcome 

trials. Volume-related adverse events, including orthostatic hypotension and AKI, are 

rare in RCTs that investigated SGLT2is. Because these studies recruited well-

selected patients under strict supervision, such complications might be more frequent 

in real-life conditions, especially in more fragile patients. The risk of bone fractures 
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was only reported in CANVAS with canagliflozin, and not detected neither in EMPA-

REG OUTCOME and DECLARE-TIMI 58 nor in meta-analyses of RCTs nor in 

several observational studies, also including canagliflozin. The causal relationship 

and the underlying mechanism remain unclear, and further long-term studies are 

warranted, especially with canagliflozin. The risk of euglycemic DKA was not 

detected in phase 2/3 studies, but was apparent in CV outcome trials, especially 

DECLARE-TIMI 58. Most observational studies reported a twofold increase of the 

incidence of DKA with SGLT2is compared with other GLAs. Much higher RR were 

noticed in pharmacovigilance reports, yet caution is also recommended when 

interpreting these data, because of possible reporting biases. Overall, the incidence 

of DKA with SGLT2is remains very low both in RCTs and in observational studies. 

Nevertheless, euglycemic DKA may pose a challenge to physicians and healthcare 

providers, as patients presenting with almost normal blood glucose levels but still 

in DKA may be overlooked, leading to a delay in appropriate management [149]. As 

ketoacidosis episodes were often caused by a precipitating factor [100, 105], 

understanding precipitants may help healthcare providers better identify patients at 

risk for development of DKA when treated with a SGLT2i, thus offering the potential 

for risk mitigation [150]. In conclusion, euglycemic DKA with SGLT2is in patients with 

T2DM may be considered as a predictable, detectable, and preventable safety 

concern in most cases [151]. Patients who are at risk for DKA should be specially 

advised to monitor blood ketone levels on a regular basis, because this complication 

may occur undetected and without any indicative hyperglycemia when being treated 

with SGLT2is [152].    

Since the publication of CANVAS [8], the most frightened complication 

possibly associated with SGLT2is is LLA. Intriguingly, such an increase in LLA was 

not found in both EMPA-REG-OUTCOME and DECLARE-TIMI 58.  However, 

divergent results were mentioned in meta-analyses of RCTs, observational studies 

and pharmacovigilance reports when comparing data obtained with canagliflozin, 

dapagliflozin and empagliflozin. As a consequence, whether LLA may be considered 

as a class effect or more specifically related to canagliflozin remains an open 

question [21].  Furthermore, the underlying mechanisms are currently unknown and 

clinicians want to know the exact reason for the increased incidence of LLA with 

canagliflozin [153]. Even if the RR of LLA is only modestly increased with SGLT2is 

compared with other GLAs, LLA is becoming an increasing concern in diabetes 
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clinical practice, especially among elderly T2DM patients, and amputation has a large 

negative impact on patient clinical course and healthcare provider feeling. If a LLA 

occurs in a T2DM patients treated with an SGLT2i, convincing patient and family that 

the pharmacological compound is not responsible for this event may be quite 

challenging. The main concern with all the available data reports is the low number of 

events, even if all types LLA are pooled together. The concern is even greater when 

the analysis is restricted to subtypes of amputations, especially major amputations 

above ankle whose incidence is much lower, or to one specific SGLT2i compared to 

another one. This low number of events is associated with a high level of uncertainty 

[21]. A more detailed analysis of CANVAS [8], considering individual clinical profile 

and risk factors potentially involved in LLA, would help to further unravel the cause 

for suspected risk of amputation with SGLT2is [153]. Without such detailed 

information, only speculation may be proposed to explain a possible increased risk of 

LLA with canagliflozin [154].  Individualizing precipitating factors may help a more 

appropriate selection of the best candidates for a therapy with SGLT2is [155, 156]. 

Avoiding such therapy in patients at high risk of amputations, such as individuals with 

past history of foot ulcers or minimal amputations or subjects with severe peripheral 

arteriopathy seems a reasonable clinical attitude until more information is available. 

However, most patients with lower limb artery disease have also coronary (and 

possibly cerebrovascular) artery disease and are at increased risk of premature 

mortality, a situation that may place the clinician in front of a therapeutic dilemma 

[157]. 

Indeed, the panel of adverse events reported with SGLT2is should not hide 

the CV and renal protection consistently reported with these glucose-lowering 

medications in T2DM patients with high cardiovascular risk [24]. DECLARE-TIMI 58, 

the most recently published CV outcome trial with the largest cohort and the longest 

follow-up with a SGLT2i, showed that the use of dapagliflozin is globally safe  [9, 

158]. The ultimate goal in clinical practice is to exploit the cardiovascular and renal 

benefit of SGLT2is, while avoiding severe adverse effects [24, 25]. 
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Figure 1: Balance of the benefits/risks of SGLT2 inhibitors in patients with type 2 

diabetes (adapted from [24] and [25]).  

MACEs: major cardiovascular events. CV: cardiovascular. CKD: chronic kidney 

disease. NAFLD: non-alcoholic fatty liver disease. UTIs; urinary tract infections. AKI: 

acute renal injury. DKA: diabetic ketoacidosis. LLA: lower limb amputation. AEs: 

adverse events. TBC: to be confirmed. 
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Table 1:  Adverse events of special interest reported with SGLT2 inhibitors in the three prospective cardiovascular outcome trials. 

Results were expressed as percentage or event rate per 1000 patient.years. P values are mentioned when differences were 

statistically significant. 

 

Adverse events EMPA-REG OUTCOME [7, 128] 

Empagliflozin vs placebo  

Event rate % 

CANVAS [8] 

Canagliflozin vs placebo 

Event rate per 1000 

patient.years 

DECLARE-TIMI 58 [9] 

Dapagliflozin vs placebo 

Event rate % 

Severe hypoglycemia 1.3 vs 1.5 NA (All hypos : 50.0 vs 46.4) 0.7 vs 1.0 

Ketoacidosis 0.1 vs < 0.1 0.6 vs 0.3 0.3 vs 0.1 

Urinary tract infection 18.0 vs 18.1 40.0 vs 37.0 1.5 vs 1.6 (**) 

Mycotic genital infection 6.4 vs 1.8 Women : 68.8 vs 17.5 

(P<0.001) 

Men : 34.9 vs 10.8 (P<0.001) 

0.9 vs 0.1 (P<0.001) (**) 

Volume depletion 5.1 vs 4.9 26.0 vs 18.5 (P=0.009) 2.5 vs 2.4 

Acute renal injury 1.0 vs 1.6 3.0 vs 4.1 1.5 vs 2.0 

Cardiovascular events 

(triple-MACE) 

10.5 vs 12.1 (P=0.04) 26.9 vs 31.5 (P=0.02) 8.8 vs 9.4 (P=0.17) 

Cancer No difference (HR = 1.15 (0.96-

1.36) (*) 

No difference 5.6 vs 5.7 

Bone fracture 3.8 vs 3.9 15.4 vs 11.9 (P=0.02) 5.3 vs 5.1 
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Lower limb amputation 1.9 vs 1.8 

IRR 1.01 (0.70-1.44) 

6.3 vs 3.4 (p<0.001) 

HR = 1.97 (1.41-2.75) 

1.4 vs 1.3 

Fournier gangrene NA NA 1 case vs 5 cases 

 

HR: hazard ratio. IRR: incidence rate ratio. NA: not available. MACE: major cardiovascular events. 

 (*) Data mentioned in Tang et al  80] 

(**) Adverse events that led to discontinuation of the drug or were considered to be serious.  
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Table 2:  Adverse events reported in meta-analyses of clinical trials comparing an SGLT2 inhibitor versus placebo or an active 

comparator. Results are expressed as odds ratios or relative risks (with 95 % confidence interval). 

 

 

 
All SGLT2 inhibitors  

Canagliflozin  
Dapagliflozin 

 

Empagliflozin 

 

Hypoglycemia

OR = 1.28 (0.99-1.65) [51] 

(a) 

 

OR = 1.01 (0.77-1.32)  [51] 

(b) 

RR = 1.13 (0.40-3.20) 

(monotherapy or add-on 

to metformin)  [52] (a) 

RR = 1.49 (1.14-1.95) 

(add-on to a sulfonylurea 

or insulin)  [52] (a) 

 

OR = 1.20 (0.88-1.64)  

[51] (a) 

RR = 1.44 (0.86-2.41) 

(monotherapy) ) [53] (a) 

RR = 1.16 (1.05-1.29) 

(add-on therapy) [53] (a) 

10 mg : OR = 1.28 (0.97-1.70)  

[54] (a) 

25 mg :  OR = 1.10 (0.87-1.39) 

[54] (a) 

Urinary tract 

infections 

OR = 1.34 (1.03-1.74)  [51] 

(a) 

OR = 1.477 (1.172-1.861)  

[57] (a) 

RR = 1.03 (0.96-1.11) [58] 

(a) 

 

OR = 1.42 (1.06-1.90)  [51] 

RR = 1.19 (0.82-1.73) [52] 

(a)  

OR = 1.14 (0.94-1.39) [59] 

(a) 

 

RR = 1.18 (0.84-1.64) [52] 

(b) 

OR = 1.14 (0.93-1.28) [59] 

OR = 1.43 (1.05-1.94)  

[51] (a) 

OR = 1.28 (1.06-1.54) 

[59] (a) 

OR = 1.69 (1.19-2.40) 

[51] (b) 

OR = 1.28 (1.02-1.61) 

[59] (b) 

10 mg : OR = 1.20 (0.92-1.57)  

[54] (a) 

25 mg : OR = 1.03 (0.81-1.32) 

[54] (a) 

OR = 1.01 (0.91-1.12) [59] (a) 

10 mg : OR = 1.04 (0.58-1.86)  

[54] (b) 

25 mg : OR = 1.14 (0.64-2.03)  
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(b) 

OR: 1.192 (0.990-1.434) 

[57] (b) 

RR = 1.08 (0.93-1.25) [58] 

(b) 

 

(b) 

 

 [54] (b) 

OR = 1.01 (0.85-1.19)  [59] (b) 

Genital 

mycotic 

infections 

OR = 3.50 (2.46-4.99)  [51] 

(a) 

OR = 4.196 (2.332-7.549) 

[57] (a) 

RR = 3.37 (2.89-3.93)  

[58](a) 

OR = 5.06 (3.44-7.45)  [51] 

(b) 

OR = 5.715 (4.339-7.528) 

[57] (b) 

RR = 3.89 (3.14-4.82) [58] 

(b) 

 

 

RR = 3.76 (2.23-6.35)  

[52] (a) 

OR = 4.99 (3.74-6.77)  

[59] (a) 

 

RR = 4.95 (3.25-7.52) [52] 

(b) 

OR = 5.26 (3.84-7.14) [59] 

(b) 

OR = 3.48 (2.33-5.20) 

[51] (a) 

OR = 4.51 (3.37-6.04) 

[59] (a) 

 

OR =  4.81 (2.97-7.81) 

[51] (b) 

OR = 4.76 (3.44-6.67) 

[59] (b) 

10 mg : OR = 4.39 (2.10-9.19) 

[54] (a) 

25 mg : OR = 3.31 (1.55-7.09) 

[54] (a) 

OR = 3.64 (2.87-4.63) [59] (a) 

10 mg : OR = 3.34 (1.03-10.76) 

[54] (b) 

25 mg : OR = 4.17 (1.32-13.15) 

[54] (b) 

OR = 3.85 (2.94-5.26)  [59] (b) 

Volume RR = 0.72 (0.47-1.09)  [72] RR = 2.09 (0.97-4.51) [30] RR = 2.00 (NA) [62] (a) 10 mg : OR = 0.98 (0.20-4.91) 
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related AEs 

(hypotension) 

(c) 

OR = 2.68 (1.14-6.29)  [51] 

(b) 

(a) 

RR = 0.90 (0.39-2.08)  

[72] (c) 

RR = 0.89 (0.34-2.30) [52] 

(b) 

RR = 0.66 (0.41-1.08)  

[72] (c) 

 

[54]  (a) 

25 mg : OR  = 1.01 (0.42-2.43) 

[54]  (a) 

 

 

Ketoacidosis 

OR  = 0.68 (0.21-2.21)  [92] 

(c) 

OR = 1.14 (0.45-2.88) (*)  

[92] (c) 

OR = 0.75 (0.39-1.44)  

[92] (c) 

OR = 0.68 (0.38-1.19)  

[92] (c) 
OR = 0.54 (0.29-1.03)  [92] (c) 

Bone 

fractures 

OR = 0.98 (0.80-1.20) [111] 

(a) 

OR = 0.67 (0.42-1.07) [112] 

(a) 

OR = 1.02 (0.84-1.23) [111] 

(c) 

OR = 1.01 (0.83-1.23)  

[113] (c) 

OR = 1.24 (0.76-2.02) [111] 

(b) 

 

OR = 0.66 (0.37-1.19)  

[112] (a) 

OR = 0.57 (0.12-1.90)  

[113] (a) 

OR = 1.15 (0.71-1.88) 

[111] (c) 

OR = 2.6 (0.69-16.00)  

[113] (b) 

 

OR = 0.84 (0.22-3.18)  

[112] (a) 

OR = 0.58 (0.13-2.00)  

[113] (a) 

OR = 0.68 (0.37-1.25)  

[111] (c) 

OR = 2.6 (0.52-22.00)  

[113] (b) 

 

 

OR = 0.57 (0.20-1.59)  [112] (a) 

OR = 0.78 (0.23-2.80)  [113] (a) 

OR = 0.93 (0.74-1.18)  [111] (c) 

OR = 3.7 (1.0-27.00)  [113] (b) 

 

Lower limb OR = 1.40 (0.81-2.41)  OR = 1.89 (1.37-2.60)  IRR = 1.04 (NA) [29] (c) OR = 1.02 (0.71-1.48)  [131] (a) 
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amputations [131] (a) [131] (a) IRR = 1.00 (NA)  [130] (c) 

 

(a) SGLT2i vs. placebo 

(b) SGLT2i vs. active comparators 

(c) SGLT2i vs. placebo or active comparators 

 

 

IRR: incidence rate ratio. OR: odds ratio. RR: relative risk. NA: not available.  

*:  Including EMPA-REG OUTCOME and CANVAS 
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Table 3: Estimated risk of euglycemic diabetic ketoacidosis with SGLT2is compared with placebo or active comparators. 

 

References Study Comparator Results 

HR (95% CI) 

Meta-analysis of randomized controlled trials 

Monami et al 2017  [92] 8 RCTs Placebo  OR = 1.217 (0.461- 3.210) P=0.692 

Observational studies 

Wang et al 2017  [93] US insurance database Other GLAs 1.91 (0.94-4.11) p=0.09 (*) 

Jensen et al 2017  [96] Danish nationwide study Other GLAs 1.6 (0.7-3.5) 

Fralick et al 2017   [94] US insurance database DPP-4 inhibitors 2.2 (1.4-3.6) 

Kim et al 2018  [95] Korean Health 

Insurance  

DPP-4 inhibitors 0.956 (0.581-1.572) P=0.996 

Ueda et al 2018 [48] Nationwide registers 

(Sweden & Denmark) 

GLP-1 RAs 2.14 (1.01-4.52) 

Pharmacovigilance reports 

Fadini et al 2017  [97]  US FDA (FAERS) Other GLAs 7.9 (7.5, 8.4) 

Blau et al 2017  [98].   US FDA (FAERS) DPP-4 inhibitors ≈ 14 (all diabetics) 

≈ 7 (T2DM) 

Ado Moumouni et al 2018 

[101] 

WHO VigiBase Other GLAs OR = 15.5 (12.8-18.7) 
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 (*) After exclusion of potential autoimmune diabetes : HR = 1.13; 95% CI 0.43-3.00; p=0.81) 

GLAs: glucose-lowering agents. RCTs; randomized controlled trials. HR: hazard ratio.  CI: confidence interval. OR: odds ratio. DPP-

4: dipeptidyl peptidase-4. GLP-1 RA: glucagon-like peptide-1 receptor agonist. WHO: World health organization. FAERS: US FDA 

Adverse Event Reporting System. T2DM: type 2 diabetes mellitus.  



Acc
ep

ted
 M

an
us

cri
pt

Table 4: Estimated risk of lower limb amputations with SGLT-2 inhibitors compared with placebo or active comparators. 

References Study Comparator SGLT-2 inhibitor Events (SGLT2i vs 

comparator) 

Results 

Pooled analyses and meta-analyses of randomized controlled trials 

On file (cited in  

[134]) 

Phase 3-4 RCTs Placebo or 

active GLAs 

Canagliflozin 100-

300 mg 

0.5 vs 2.2 per 1000 pt-

yr 

RR = 0.23 (0.06-0.89) 

Kohler et al 2017 

[130] 

14 RCTs Placebo or 

active GLAs 

Empagliflozin 10-25 

mg 

46 (1.1%) vs 94 (1.1%) IRR = 1.00 (NA) 

Jabbour et al 

2018 [29] 

30 RCTs Placebo or 

active GLAs 

Dapagliflozin 10 mg 8 (0.1%) vs 7 (0.2%) IRR = 1.04 (NA) 

Li et al 2018 [131] 14 RCTs Placebo All SGLT2is 220/11679 vs 96/7284 OR = 1.40 (0.81-2.41) 

Canagliflozin 132/5795 vs 53/4347 OR = 1.89 (1.37-2.60) 

Empagliflozin 89/6435 vs 43/3204 OR = 1.02 (0.71-1.48) 

Observational studies 

Yuan et al 2018 

[134] 

US retrospective 

cohort study 

Active GLAs Canagliflozin 99 vs 87 (1.18 vs 1.12  

per 1000 pt-yr) 

HR = 0.98 (0.68-1.41) 

Udell et al 2017 

[36] 

US Department of 

Defense Military 

Health System 

(EASEL) 

Active GLAs All SGLT2is 

(canagliflozin 

58.1%, 

empagliflozin 

26.4%, 

1.7 vs. 0.9 per 1000 pt-

yrs 

HR = 1.99 (1.12-3.51) 
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dapagliflozin 15.5%) 

Adimadhyam et 

al 2018 [135] 

US Truven Health 

MarketScan (2009-

2015) databases. 

DPP4-

inhibitors 

(73% 

sitagliptin) 

All SGLT2is 36 vs 24 HR = 1.38 (0.83-2.31) 

Canagliflozin only 

(70%) 

25 vs 19 HR = 1.15 (0.63-2.09) 

Dapagliflozin or 

empagliflozin (30%) 

11 vs 5 HR = 2.25 (0.78-6.47) 

Ryan et al 2018 

[137] 

US Observe-4D Active GLAs Canagliflozin  HR = 0.75 (0.40-1.41) (on 

treatment) 

HR = 1.01 (0.93-1.10) (ITT 

analysis) 

 

Other SGLT2i 

(dapagliflozin 

or 

empagliflozin) 

Canagliflozin  HR = 1.14 (0.67-1.93) (on 

treatment) 

HR = 1.13 (0.99-1.29) (ITT 

analysis) 

 

Chang et al 2018  

[136] 

US Truven Health 

MarketScan 

Commercial 

Claims and 

Encounters data 

DPP-4 

inhibitors 

All SGLT2is  HR = 1.50 (0.85-2.67) 

GLP-1 RAs  HR = 1.47 (0.64-3.36) 

Other GLAs   HR = 2.12 (1.19-3.77) 
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Ueda et al 2018 

[48] 

Nationwide health 

and administrative 

Registries in 

Sweden and 

Denmark 

GLP-1 RAs All SGLT2is 

(dapagliflozin 61%, 

empagliflozin 38%, 

canagliflozin 1%) 

2.7 v 1.1 events per 

1000 pt.yrs 

HR = 2.32 (1.37-3.91 

Yang et al 2019 

[138] 

US MarketScan 

Commercial 

Claims and 

Encounters 

Database 

DPP-4 

inhibitors 

All SGLT2is 

(canagliflozin 70%, 

dapagliflozin 23%, 

empagliflozin 7%,  

2.4 v 1.5 events per 

1000 pt.yrs 

1.69 (1.20-2.38) 

Sulfonylureas 2.0 v 1.8 events per 

1000 pt.yrs 

1.02 (0.67-1.55) 

Pharmacovigilance reports 

Fadini et al 2017 

[139] 

No indication filter

FAERS Active GLAs All three 55 PRR = 3.56 (2.73-4.65) 

Canagliflozin 50 PRR = 5.33 (4.04-7.04) 

Empagliflozin 5 (*) PRR = 2.37 (0.99-5.70) 

Dapagliflozin 1 PRR = 0.25 (0.03-1.76) 

Fadini et al 2017 

[139] 

Only diabetes 

indication 

FAERS Active GLAs All three 32 PRR = 1.01 (0.71-1.43) 

Canagliflozin 31 PRR = 1.59 (1.12-2.30) 

Empagliflozin 2 (*) PRR = 0.47 (0.11-1.86) 

Dapagliflozin 0 NA 

Khouri et al 2018 

[140]  

WHO VigiBase® Active GLAs All three 92 PRR = 5.95 (4.61-7.67) 

Canagliflozin 67 PRR = 7.09 (5.25-9.57) 



Acc
ep

ted
 M

an
us

cri
pt

Empagliflozin 14 PRR = 4.96 (2.89-8.50) 

Dapagliflozin 11 PRR = 1.79 (0.98-3.26) (**) 

 

(*) One of these cases listed canagliflozin as primary suspect and empagliflozin as secondary or concomitant. 

(**) Significant for toe amputations : PRR 2.62 (1.33-5.14) 

WHO: World health organization. FAERS: US FDA Adverse Event Reporting System. GLAs: Glucose-lowering agents.  

RCTs: randomized controlled trials. DPP-4: dipeptidyl peptidase-4. GLP-1 RA: glucagon-like peptide-1 receptor agonist. ITT: 

intention-to-treat. Pt.yrs: patient.years. RR: relative risk. HR: hazard ratio. IRR: incidence rate ratio. PRR: proportional reporting 

ratio. NA: not available. 




