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Canagliflozin should be prescribed with caution to individuals
with type 2 diabetes and high risk of amputation
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Abbreviations
CANVAS CANagliflozin cardioVascular

Assessment Study
CANVAS-R CANagliflozin cardioVascular

Assessment Study-Renal
DPP-4 Dipeptidyl peptidase 4
FDA Food and Drug Administration
LEA Lower extremity amputations
SGLT2 Sodium–glucose cotransporter 2

Introduction

Around 80% of lower extremity amputations (LEA) in indi-
viduals with diabetes are preceded by a diabetic foot ulcer [1].
Diabetic foot ulcers usually occur due to a direct or indirect
trauma associated with loss of protective sensation and are
frequently accompanied by peripheral artery disease. Several
factors increase the risk of LEA in diabetic individuals with or
without diabetic foot ulcers, such as male sex, sensory neu-
ropathy, peripheral artery disease, prior history of foot ulcer or
amputation, poor glycaemic control, renal dysfunction, non-

Asian ethnicity and presence of infection [2–8]. Recently, the
Action to Control Cardiovascular Risk in Diabetes
(ACCORD) trial, in which individuals were randomised
to receive intensive therapy (HbA1c <42 mmol/mol
[<6%]) or standard glycaemic control (HbA1c 53–
63 mmol/mol [7.0–7.9%]), showed that the intensive reg-
imen resulted in a significant decrease in LEA risk and
that mean HbA1c strongly predicted LEA occurrence [9].
One would, therefore, expect LEA risk to diminish with
control of hyperglycaemia using glucose-lowering agents.
Thus , the h ighe r amputa t ion r i sk wi th use of
canagliflozin, a sodium–glucose cotransporter 2 (SGLT2)
inhibitor effective in reducing blood glucose levels, re-
ported by Matthews et al in this issue of Diabetologia
[10], requires further scrutiny.

The design of CANVAS and CANVAS-R
and implications for clinical interpretation

CANagliflozin cardioVascular Assessment Study (CANVAS)
was begun in 2009 to demonstrate the cardiovascular safety of
canagliflozin prior to registration [11]. CANagliflozin
cardioVascular Assessment Study-Renal (CANVAS-R) was
begun in 2014 to fulfil regulatory agency requirements post
registration [12]. These studies were conducted in 30 coun-
tries in a total of 667 sites. CANVAS-R was designed to be
completed simultaneously with CANVAS upon reaching a
pre-specified endpoint number and follow-up duration.

It is important to note the restrictions placed on participant
recruitment to understand to whom the results of these clinical
trials apply. All participants had type 2 diabetes, with HbA1c

(as a measure of glycaemic control) between 53 mmol/mol
and 91 mmol/mol (7.0% and 10.5%), and were either
≥30 years with symptomatic atherosclerotic cardiovascular
disease or ≥ 50 years with diabetes duration ≥10 years, systol-
ic or treated hypertension, micro- or macro-albuminuria, or
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low HDL-cholesterol [10]. Therefore, whether the results of
CANVAS and CANVAS-R, pertaining to both benefits and
risks, apply to people not meeting these criteria, or those who
would not agree to participate in a clinical trial, is unknown.

Assessment of major risk factors for nontraumatic amputa-
tion, such as prior amputation or history of peripheral vascular
disease, was based on physician reporting [10], which we
interpret to mean that no specific criteria were used or protocol
followed for these measurements. We assume that this also
applied to neuropathy assessment, another important risk fac-
tor for amputation. One cannot fault the investigators for not
focusing on lower-limb risk factors since the association be-
tween canagliflozin and amputation was unanticipated. The
lack of a systematic method for measurement of amputation
risk factors is not likely to bias the results regarding amputa-
tion risk associated with treatment since participant
randomisation would have likely equally allocated all risk
factors, whether accurately measured or not.

With regard to capturing the amputation outcome, a plan
was developed in July 2016 when a higher amputation risk
was detected in the CANVAS Program, which included
criteria and a procedure for recording amputation events, both
prospectively and retrospectively [10]. It is unlikely that the
detection of a higher amputation risk would have led to biased
amputation assessment, either prospectively or retrospective-
ly, due to the double-blind design of both CANVAS and
CANVAS-R.

A total of 187 participants experienced an amputation dur-
ing follow-up, with a total of 290 amputation events; 123
participants experienced a single amputation event. There
were multiple amputations at varying locations on the same
limb in 22% of individuals assigned to canagliflozin and 19%
assigned to placebo [10], potentially reflecting failed initial
amputation. The vast majority of amputations occurred while
participants were using the randomised treatment (75%) or
within 30 days of its discontinuation (10%). The majority of
amputations were minor (below the ankle; 71%), consistent
with national US data, which demonstrates that the most com-
mon diabetes amputation level is below the foot; while, in
people without diabetes, it is above the foot [13]. Similar
elevated risks associated with canagliflozin were seen for both
major (ankle or above) or minor (below the ankle) amputa-
tions [10]. No differences in amputation risk were noted at
different canagliflozin dosages (300 mg vs 100 mg) or in
CANVAS compared with CANVAS-R.

In the paper by Matthews and colleagues [10], a thorough
investigation was performed to determine if the association
between canagliflozin and amputation risk varied by the pres-
ence or absence of 25 factors. A standard method was used to
assess such instances by insertion of interaction terms into the
Cox regression model. There was no evidence for significant
differences for known risk factors for amputation such as neu-
ropathy, peripheral vascular disease, renal dysfunction,

glycaemic control, or most of the other medications used to
treat diabetes or associated conditions analysed. There was a
single significant interaction (p = 0.03) between use of anti-
thrombotic medication and canagliflozin, with amputation
risk tending to be lower among canagliflozin users receiving
these treatments than in canagliflozin users not receiving these
treatments. However, the likelihood of one significant p value
at p < 0.05 across 25 comparisons can be calculated as 1 − (1
− 0.05)25 = 72%. The Bonferroni correction for multiple com-
parisons, if applied, would have yielded an adjusted p value
for rejection of the null hypothesis of 0.05/25 = 0.002. None
of the tests of interaction in Fig. 3 in the publication by
Matthews et al achieved a p < 0.002 [10]. The non-standard
and probably inaccurate measurements of peripheral vascular
disease and neuropathy, however, may have limited the ability
of the interaction analysis to identify whether these factors
influenced canagliflozin-associated amputation risk due to po-
tential misclassification of these conditions. The value of dem-
onstrating a significant interaction would be to identify popu-
lations in whom canagliflozin treatment would be associated
with a higher or lower risk of amputation, thereby facilitating
clinical decision-making. The results of CANVAS/CANVAS-
R do not present convincing evidence of interaction.

Despite the negative results of the interaction analyses, it
appears that more cases of amputation would be prevented by
withholding canagliflozin treatment from people at higher risk
for amputation than those at lower risk. As the overall risk
elevation was about twofold, the absolute number of
prevented cases would be greater in those with a higher base-
line risk of amputation. Matthews et al demonstrate this in
Table 3 in their paper [10] by estimating the number of ampu-
tations in subgroups that did not have independent risk factors
for amputation identified in CANVAS and CANVAS-R, in-
cluding male sex, non-Asian ethnicity, prior amputation, pe-
ripheral vascular (probably artery) disease, neuropathy, albu-
minuria and poorer glucose control. These risk factors for
amputation are largely consistent with prior reports [2–8], as
mentioned earlier in this commentary.

Other research on the association
between canagliflozin and amputation risk

Both meta-analyses of RCTs and observational research have
been conducted to further study the association between
canagliflozin and amputation risk. Two meta-analyses, to our
knowledge, have assessed this association [14, 15], but in-
cluded only data from CANVAS and CANVAS-R [15] or
86% of participants in the analysis were derived from
CANVAS and CANVAS-R [14]. This reflects the paucity of
RCT data available on amputations and canagliflozin use from
other clinical trials.
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Multiple observational studies have been conducted on the
association between amputation and use of SGLT2 inhibitors,
using databases from electronic health records or those main-
tained for administrative purposes. By our count, six studies
have been published that used the Truven MarketScan health
claims database from the USA, solely or in part, with varying
results: three reported similar risk for amputation with
canagliflozin compared with non-SGLT2-inhibitor glucose-
lowering agents [16–18]; two reported a lower amputation
risk among those using SGLT2 inhibitors (where canagliflozin
therapy comprised 70% of SGLT2 inhibitor use) compared
with sulfonylurea agents, but not dipeptidyl peptidase 4
(DPP-4) inhibitors [19, 20]; and one reported a higher ampu-
tation risk for SGLT2 inhibitors compared with DPP-4 inhib-
itors, but not compared with sulfonylurea agents or non-met-
formin, non-SGLT2-inhibitor glucose-lowering agents [21].
Reconciling the different results reported from research using
the Truven database appears to be needed, but is beyond the
scope of this commentary.

Two published reports have addressed the subject of
amputation in association with SGLT2 inhibitor use in
other population databases. Udell et al reported on the
association between SGLT2 inhibitors and amputation
risk in the US Department of Defense Military Health
System, which includes approximately 10 million
enrolees [22]. A total of 79 amputations occurred and an
increase in amputation risk was observed among users of
any SGLT2 inhibitor, with the highest incidence of ampu-
tations in the canagliflozin-treated patients. However, no
statistical comparison was conducted to assess this asso-
ciation. From the intention-to-treat data provided by Udell
and colleagues (in supplemental Table 5 of their publica-
tion), there were 29 amputations among 7333 patients on
canagliflozin who, during follow-up, contributed 15,046
person-years, and nine amputations in the equal number
of propensity score-matched patients not receiving an
SGLT-2 inhibitor who contributed 12,247 person-years.
With these data, using Stata 15 (College Station, TX,
USA) we calculated an incidence density ratio (IDR) of
2.63 (95% CI 1.21, 6.30), a highly significant (p = 0.008)
greater than twofold increase in amputation risk associat-
ed with canagliflozin. This result is adjusted for the co-
variates used to calculate the propensity score. Similar
data were presented for empagliflozin and dapagliflozin,
but the number of amputations was too small to conduct
credible statistical analysis. We conclude from our sec-
ondary analysis that the observational results of Udell
et al support a higher amputation risk associated with
canagliflozin use. In addition, the nationwide health and
administrative registers of Sweden and Denmark were al-
so used to examine the association between SGLT2 inhib-
itors and amputation, finding a higher risk of amputation
compared with glucagon-like peptide 1 (GLP-1) receptor

agonists [23]. However, canagliflozin use comprised only
2% of prescriptions for SGLT2 inhibitors in only 324
patients. Hence, this research provides no information
pertinent to the subject of amputation risk with this spe-
cific agent.

Adverse drug reaction reporting systems are another re-
source for identifying complications of pharmacotherapies.
One such example is VigiBase, the World Health
Organizat ion (WHO) database of reported post-
commercialisation adverse drug reactions [24]. We performed
a search of VigiBase using the Medical Dictionary for
Regulatory Activities (MedDRA) terminology for adverse
drug reactions, with the preferred terms ‘amputation’, ‘leg
amputation’ and ‘toe amputation’. ‘Amputation’ was used to
enhance sensitivity but we are aware that this term may cap-
ture upper-limb amputations and, for this reason, a second,
more specific search was also performed using only the terms
‘leg amputation’ and ‘toe amputation’. The database was
accessed on 27 January 2019 and yielded 18,583 total adverse
drug reaction reports related to canagliflozin, 10,553 reports
related to dapagliflozin and 8427 reports related to
empagliflozin. The search terms hits for canagliflozin greatly
exceeded those for dapagliflozin and empagliflozin (Table 1).
A review of the US Food and Drug Administration (FDA)
Adverse Event Reporting System yielded similar results, with
an amputation safety signal for canagliflozin but not
dapagliflozin or empagliflozin [25].

These findings must be carefully interpreted as they refer to
spontaneous adverse drug reaction reports and might be influ-
enced by regulatory authorities’ warnings from the US FDA
or the European Medicines Agency, scientific presentations
and publications, and the media. Moreover, these reports have
no definitive causal relationship with drug exposure, being
only suspected adverse reactions. It is also important to con-
sider that the same case may include more than one term
related with amputation, for example, amputation + leg am-
putation. Also, it is not possible to confirm medication expo-
sure from such reports. Hence, adverse-event reporting med-
ication databases represent weaker evidence than controlled
observational research studies.

Table 1 Adverse drug reactions reported to VigiBase

ADR reported Suspected drug

Canagliflozin Empagliflozin Dapagliflozin

Amputation, n (%) 163 (0.88) 5 (0.06) 2 (0.02)

Leg amputation, n (%) 322 (1.73) 13 (0.15) 3 (0.03)

Toe amputation, n (%) 885 (4.76) 33 (0.39) 23 (0.22)

Total, n 18,583 8427 10,553

ADR, adverse drug reaction
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The roles of observational research and RCTs
in clinical decision-making

It is well understood that participants enrolled in an RCT
usually are not widely representative of the general popula-
tion, due to the need for inclusion and exclusion criteria de-
signed to maximise trial validity and safety. Hence, observa-
tional research that includes participants not represented by
clinical trial research may help to inform decisions about treat-
ment efficacy and safety. In addition, observational research
can provide information on relative safety and effectiveness of
different diabetes treatments. CANVAS and CANVAS-R
compared canagliflozin with placebo, but in the real world
most patients with type 2 diabetes are treated with a glucose-
lowering agent that may, itself, alter risk of amputation.

We do not believe though that results from observational
research that disagree with those of a well-conducted clinical
trial negate the clinical trial. RCTs remain the gold standard
for medical knowledge production. Even the best designed
observational research, especially of a pharmaceutical agent,
may be susceptible to error due to confounding by indication
and other factors. The Women’s Health Initiative (WHI) pro-
vides an excellent example of this in having conducted both
an RCT and observational study of the association between
menopausal hormone use and cardiovascular disease [26].
The results of these two study designs were discordant, with
the RCT showing a higher incidence of coronary artery dis-
ease, stroke and venous thromboembolism with use of meno-
pausal hormones, while the observational study showed a
lower incidence of coronary artery disease and stroke with
menopausal hormone use and no association with venous
thromboembolism. This example demonstrates that, evenwith
careful planning to identify and adjust for potential confound-
ing, bias may not be minimised unless an impartial method,
such as randomisation, is used to assign treatment.

Potential mechanisms

We propose here a theory regarding causal mechanisms for the
higher amputation risk with canagliflozin treatment. This the-
ory is built on interference by this pharmaceutical agent with
the healing of diabetic foot ulcers; when unhealed, diabetic
foot ulcers place the patient at higher risk of LEA. Thus,
factors that impede healing may result in a higher risk of limb
loss. Research has demonstrated roles for magnesium, calci-
um and vitamin D in promoting wound healing, with clinical
trial evidence of enhanced diabetic foot ulcer healing with
both magnesium and vitamin D supplementation [27–29].
Canagliflozin administration led to an increase of urine calci-
um excretion and magnesiumwasting in animal models, and a
decrease in 1,25(OH)2-vitamin D in hospitalised patients [30].
Further research is needed in humans to determine whether

these effects on calcium, magnesium and vitamin D metabo-
lism are specific to canagliflozin or a general characteristic of
SGLT2 inhibitors.

Conclusions

CANVAS and CANVAS-R provide strong evidence that use
of canagliflozin is associated with higher amputation risk, but
also a lower risk of cardiovascular disease and renal disease
progression. This does not appear to be an SGLT2 inhibitor
class effect given the lack of elevated risk associated with
empagliflozin in the EMPA-REG study [31] or the other phar-
maceutical agents in this class, with the possible exception of
ertugliflozin [32]. Therefore, the evidence is strong for
favouring caution in canagliflozin use in patients with diabetes
who are at risk for lower-limb amputation.
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