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OBJECTIVE

This study assessed the incidence of serious adverse events of diabetic ketoaci-
dosis (DKA) among patients with type 2 diabetes treated with canagliflozin.

RESEARCH DESIGN AND METHODS

All serious adverse events of DKA and related events (ketoacidosis, metabolic
acidosis, and acidosis) from 17,596 patients from randomized studies of canagli-
flozin through 11 May 2015 were analyzed.

RESULTS

Serious adverse events of DKA and related events were reported in 12 patients
(0.07%), including 4 (0.07%), 6 (0.11%), and 2 (0.03%) treated with canagliflozin
100 and 300 mg and comparator, respectively; corresponding incidence rates
were 0.522, 0.763, and 0.238 per 1,000 patient-years, respectively. Most patients
with DKA and related events had a blood glucose >300 mg/dL (16.7 mmol/L) at
presentation of DKA, were on insulin, and had DKA-precipitating factors, including
some with type 1 diabetes/latent autoimmune diabetes of adulthood.

CONCLUSIONS

DKA and related events occurred at a low frequency in the canagliflozin type 2
diabetes program, with an incidence consistent with limited existing observa-
tional data in the general population with type 2 diabetes.

On 15 May 2015, the U.S. Food and Drug Administration (FDA) issued a Drug Safety
Communication based upon a search of the FDA Adverse Event Reporting System
database that indicated that medicines for type 2 diabetes in the sodium–glucose
cotransporter 2 (SGLT2) inhibitor class (which includes canagliflozin, empagliflozin,
and dapagliflozin) may lead to ketoacidosis. The FDA also noted that patients may
present atypically, with only slightly increased levels of blood glucose (1). In addi-
tion, several case reports and series have described diabetic ketoacidosis (DKA) in
patients with type 1 diabetes or type 2 diabetes treated with SGLT2 inhibitors (2–4).

RESEARCH DESIGN AND METHODS

An analysis of all serious adverse events of DKA and related terms of ketoacidosis,
metabolic acidosis, and acidosis was performed using a database that contained
data from 17,596 patients, with nearly 24,000 patient-years of exposure, compiled
from completed and ongoing randomized, controlled clinical studies of canagliflo-
zin. The overall mean exposure in this analysis was 1.4 years. Table 1 includes details
regarding the studies included in this analysis, which was conducted by Janssen
Research & Development, LLC (the sponsor of canagliflozin). A history of type 1
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Table 1—Randomized, controlled studies of canagliflozin included in the analysis of DKA and related events

Study/status Study design and population

Key inclusion criteria

Treatment groups Reference
Age,
years

HbA1c, %
(mmol/mol)

eGFR,
mL/min/
1.73 m2

DIA3002/
completed

c Randomized, double-blind,
placebo-controlled, 3-arm, parallel-group
study (with a 26-week core
double-blind period plus a 26-week
extension double-blind period)

18 to 80 7.0 to 10.5
(53 to 91)

$55 Canagliflozin 100 mg (9)

c Men and women with type 2 diabetes on
metformin and sulfonylurea therapy

Canagliflozin 300 mg
Placebo
(1:1:1)

DIA3004/
completed

c Randomized, double-blind,
placebo-controlled, 3-arm, parallel-group
study (with a 26-week core double-blind
period plus a 26-week extension
double-blind period)

$25 7.0 to 10.5
(53 to 91)

$30 to ,50 Canagliflozin 100 mg (10,11)

c Men and women with type 2 diabetes who
have moderate renal impairment on
currently available standard-of-care AHA
therapies

Canagliflozin 300 mg
Placebo
(1:1:1)

DIA3005/
completed

c Randomized, double-blind,
placebo-controlled, 3-arm, parallel-group
study (with a 26-week core double-blind
period plus a 26-week active-controlled
extension double-blind period)*

18 to 80 7.0 to 10.0
(53 to 86)

$50 Canagliflozin 100 mg (12,13)

c Men and women with type 2 diabetes
(monotherapy)

Canagliflozin 300 mg
Placebo
(1:1:1)

DIA3006/
completed

c Randomized, double-blind, parallel-group
study (with a 26-week placebo- and
active-controlled core double-blind period
and a 26-week active-controlled extension
double-blind period)

18 to 80 7.0 to 10.5
(53 to 91)

$55 Canagliflozin 100 mg (14)

c Men and women with type 2 diabetes on
metformin therapy

Canagliflozin 300 mg
Sitagliptin
Placebo
(2:2:2:1)

DIA3008
(CANVAS)/
ongoing

c Randomized, double-blind,
placebo-controlled, parallel-group
cardiovascular assessment study

$30 7.0 to 10.5
(53 to 91)

$30 Canagliflozin 100 mg (15,16)

c Men and women with type 2
diabetes on currently available
standard-of-care AHA therapies

Canagliflozin 300 mg
Placebo
(1:1:1)

DIA3009/
completed

c Randomized, double-blind, active-
controlled, parallel-group study
(with a 52-week core double-blind
period plus a 52-week
extension double-blind period)

18 to 80 7.0 to 10.5
(53 to 91)

$55 Canagliflozin 100 mg (17,18)

c Men and women with type 2 diabetes on
metformin therapy

Canagliflozin 300 mg
Glimepiride

(1:1:1)

DIA3010/
completed

c Randomized, double-blind,
placebo-controlled, parallel-group study
(with a 26-week core double-blind
period plus a 78-week extension
double-blind period)

55 to 80 7.0 to 10.0
(53 to 86)

$50 Canagliflozin 100 mg (19,20)

c Men and women with type 2 diabetes on
currently available standard-of-care AHA
therapies

Canagliflozin 300 mg
Placebo
(1:1:1)

DIA3012/
completed

c Randomized, double-blind, parallel-group,
3-arm study (with a 26-week placebo-
controlled core double-blind period plus a
26-week active-controlled extension
double-blind period)

18 to 80 7.0 to 10.5
(53 to 91)

$55 Canagliflozin 100 mg (21)

c Men and women with type 2 diabetes on
metformin and pioglitazone therapy

Canagliflozin 300 mg
Placebo
(1:1:1)

Continued on p. 1682
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diabetes or DKA was an exclusion crite-
rion in all studies. Ascertainment of po-
tential events for inclusion in this
analysis was done using investigator-
reported adverse events. Four adverse
event terms (i.e., diabetic ketoacidosis,
ketoacidosis, metabolic acidosis, and ac-
idosis) from the Medical Dictionary for
Regulatory Activities (MedDRA) were
searched. Cases meeting standard crite-
ria for a regulatory definition of a seri-
ous adverse event (e.g., resulting in
hospitalization or a medically important

event) were included in this analysis. All
unblinded cases in this analysis came
from completed studies or unblinded
data sets previously used to support
canagliflozin global marketing dossiers or
required for responses to health authori-
ties. Through 11 May 2015, there were
12 patients with 13 unblinded serious
adverse events of DKA, ketoacidosis, met-
abolic acidosis, and acidosis, and 3 addi-
tional serious adverse events that remain
blinded and were not included in the cur-
rent analysis. These 3 additional events

come from the ongoing CANagliflozin car-
dioVascular Assessment Study (CANVAS),
which is blinded and is being monitored
by an independent data monitoring com-
mittee. Data from the 12 unblinded pa-
tients with serious adverse events are
discussed below.

RESULTS

The incidence of serious adverse events
of DKA and related events in the canagli-
flozin randomized clinical trial database
was 0.07% (12 of 17,596). The incidence

Table 1—Continued

Study/status Study design and population

Key inclusion criteria

Treatment groups Reference
Age,
years

HbA1c, %
(mmol/mol)

eGFR,
mL/min/
1.73 m2

DIA3015/
completed

c Randomized, double-blind, 52-week,
active-controlled study

$18 7.0 to 10.5
(53 to 91)

$55 Canagliflozin 300 mg (22)

c Men and women with type 2 diabetes on
metformin and sulfonylurea therapy

Sitagliptin
(1:1)

DNE3001
(CREDENCE)/
ongoing

c Randomized, double-blind,
placebo-controlled, 2-arm, parallel-group,
event-driven, multicenter study

$30 6.5 to 12.0
(48 to 108)

30 to 90 Canagliflozin 100 mg d

c Men and women with type 2 diabetes
and diabetic nephropathy

Placebo
(1:1)

DIA4002/
ongoing†

c Randomized, double-blind,
placebo-controlled, 3-arm, parallel-group,
multicenter study

18 to
,75

7.0 to,10.0
(53 to ,86)

$60 Canagliflozin 100 mg d

c Men and women with type 2 diabetes and
hypertension

Canagliflozin 300 mg
Placebo
(1:1:1)

DIA4003
(CANVAS-R)/
ongoing

c Randomized, double-blind,
placebo-controlled, 2-arm, parallel-group,
multicenter study

$30 7.0 to 10.5
(53 to 91)

$30 Canagliflozin 100 mg
(with titration to

canagliflozin 300 mg)

d

c Men and women with type 2 diabetes
receiving standard of care, but with
inadequate glycemic control and at
elevated risk of cardiovascular events

Placebo
(1:1)

DIA4004/
ongoing

c Randomized, double-blind,
placebo-controlled, 2-arm,
parallel-group, multicenter study

18 to 75 7.5 to 10.5
(58 to 91)

$60 Canagliflozin 100 mg
(with titration to

canagliflozin 300 mg)

d

c Men and women with type 2 diabetes
on metformin and sitagliptin therapy

Placebo
(1:1)

DIA2003/
completed

c Randomized, double-blind,
placebo-controlled, 3-arm, parallel-group,
18-week, multicenter study

18 to 80 7.5 to 10.5
(58 to 91)

$55 Canagliflozin 50 mg BID (23)

c Men and women with type 2 diabetes
with inadequate glycemic control
on metformin therapy

Canagliflozin 150 mg BID
Placebo
(1:1:1)

DIA3011/
completed

c Randomized, double-blind,
active-controlled, parallel-group,
26-week multicenter study of initial
combination therapy with canagliflozin
and metformin

18 to
,75

7.5 to 12.0
(58 to 108)

$60 Metformin XR (24)

c Men and women with drug-naı̈ve
type 2 diabetes

Canagliflozin 100 mg
Canagliflozin 300 mg
Canagliflozin 100 mg/

metformin XR
Canagliflozin 300 mg/

metformin XR
(1:1:1:1:1)

AHA, antihyperglycemic agent; BID, twice daily; CREDENCE, Canagliflozin and Renal Events in Diabetes with Established Nephropathy Clinical
Evaluation; eGFR, estimated glomerular filtration rate; XR, extended release. *DIA3005 also had a 26-week high glycemic substudy that was not
included in the current analysis. No adverse events of DKA, ketoacidosis, metabolic acidosis, or acidosis were reported in this substudy. †Clinical
conduct is completed; final clinical study report is in progress.
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of serious adverse events of DKA and
related events by treatment group was
0.07% (4 of 5,337), 0.11% (6 of 5,350),
and 0.03% (2 of 6,909) with canagliflozin
100 and 300 mg and comparator, re-
spectively; corresponding incidence
rates were 0.522, 0.763, and 0.238 per
1,000 patient-years, respectively. After
being diagnosed with a DKA-related
event, 6 patients on canagliflozin (3 on
canagliflozin 100 mg, 3 on canagliflozin
300 mg, and none on comparator) were
reported to have autoimmune diabetes
(latent autoimmune diabetes of adult-
hood [LADA] or type 1 diabetes) or to
have tested positive for GAD65 antibod-
ies. Excluding these 6 patients, the inci-
dences of serious adverse events of DKA
and related events by treatment group
in patients with type 2 diabetes were
0.02% (1 of 5,334), 0.06% (3 of 5,347),
and 0.03% (2 of 6,909) with canagliflozin
100 and 300 mg and comparator, re-
spectively, with corresponding inci-
dence rates of 0.130, 0.381, and 0.238
per 1,000 patient-years, respectively.
The race and ethnicity of the patients
with severe adverse events of DKA and
related events were as follows: 1 His-
panic or Latino American Indian or
Alaska native patient; 1 Hispanic or Latino
white patient; and 10 non-Hispanic or La-
tino white patients. Compared with other

patients in the canagliflozin program,
these 12 patients were predominantly
male, white, and older and had a longer du-
rationof diabetes, lowerBMI, higherHbA1c,
and lower estimated glomerular filtration
rate at baseline (Table 2). Specific details
of the 12 patients with serious adverse
events of DKA and related events are
reported in Table 3. Eight of the 12 pa-
tients in this analysis were enrolled in the
CANVAS trial, which included patients
with significant comorbid conditions; of
these 8 patients, all 7 in the canagliflozin
treatment groups were on insulin. The
10 patients with blood glucose values
reported at presentation had levels that
were .300 mg/dL (16.7 mmol/L) and
ranged from 347 to 571 mg/dL (19.3 to
31.7 mmol/L). One other patient on
canagliflozin 300 mg had several blood
glucose levels ranging from 148 to
320 mg/dL (8.2 to 17.8 mmol/L), but
dates and times of these measurements
were not provided. Of the 10 patients on
canagliflozin with a DKA-related event, 8
were receiving insulin therapy (note that
;31% of patients [n = 5,407] in the
canagliflozin type 2 diabetes program
were on background insulin therapy),
with 4 having questionable compliance
with insulin therapy at the time of the
event. One of these 4 patients also had a
second event postoperatively after a

cholecystectomy. The other 4 patients
on insulin therapy with a DKA-related
event had concomitant diagnoses of pan-
creatic cancer, myocardial infarction, gas-
troenteritis, and viral infection. Among
the 2 canagliflozin patients not on insulin
therapy with an event, 1 had type 1 di-
abetes and 1 had a subcutaneous abscess
and chronic pancreatitis.

CONCLUSIONS

In summary, DKA and related events oc-
curred at a low frequency in patients
participating in the randomized, con-
trolled canagliflozin type 2 diabetes clin-
ical trial program. Although there are
limited epidemiological data on the in-
cidence of DKA in patients with type 2
diabetes, the overall incidence rates of
theseevents in thecurrentanalysisare con-
sistent with the broad range reported
in existing observational data. Specifi-
cally, a study in Northern Sweden report-
ed an estimated DKA incidence rate of
0.5 per 1,000 patient-years (5), and an
analysisof four largeU.S. commercial claims
databases (i.e., the Truven MarketScan
Commercial Claims and Encounters,
MarketScan Medicare Supplemental
Beneficiaries, theMarketScanMultistate
Medicaid Database, and the Optum
Clinformatics database) found a DKA in-
cidence rate in the range of 0.32 to 2.0
per 1,000 patient-years (data on file).
However, given the potential for incom-
plete reporting or underreporting of
DKA, the incidence of DKA in patients
with type 2 diabetes, including patients
treated with canagliflozin and other
SGLT2 inhibitors,may be underestimated.

Although there were some differ-
ences in baseline characteristics be-
tween all patients and the subset of
patients who developed DKA and re-
lated events, therewas no clear baseline
clinical phenotype that allowed the
identification of specific individual pa-
tients at risk for developing DKA. Never-
theless, most patients had a known
precipitating factor for DKA at the time
of these events. Some reports note that
patients who presented with DKA had
atypically low blood glucose values;
however, of the 10 patients treated
with canagliflozin who presented with
DKA and related events and had avail-
able blood glucose values at presenta-
tion, 9 patients had blood glucose values
.250 mg/dL (13.9 mmol/L). We postu-
late that patients diagnosed as having

Table 2—Background demographic and disease characteristics of patients with
and without serious adverse events of DKA and related events

Patients with DKA
(n = 12)

Patients without DKA
(n = 17,584)

Sex, n (%)
Male 9 (75.0) 7,182 (40.8)
Female 3 (25.0) 10,401 (59.2)

Age, years 69.5 (47, 78) 61.0 (20, 96)

Race, n (%)
White 11 (91.7) 13,480 (76.7)
Black/African American 0 703 (4.0)
Asian 0 2,148 (12.2)
Other† 1 (8.3) 1,253 (7.1)

Ethnicity, n (%)
Hispanic or Latino 2 (16.7) 3,118 (17.7)
Not Hispanic or Latino 10 (83.3) 14,385 (81.8)
Other‡ 0 81 (0.5)

HbA1c, % 8.9 (7, 11) 8.0 (5, 14)

HbA1c, mmol/mol 74 (53, 97) 66 (31, 130)

BMI, kg/m2 27.1 (23, 34) 31.3 (15, 73)

eGFR, mL/min/1.73 m2 69.0 (33, 127) 79.0 (10, 227)

Duration of diabetes, years 13.5 (1, 29) 9.0 (0, 55)

Data are median (range) unless otherwise indicated. eGFR, estimated glomerular filtration rate.
†Includes American Indian or Alaskan Native, Native Hawaiian or other Pacific Islander, multiple,
other, unknown, and not reported. ‡Includes unknown and not reported.
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type 2 diabetes ormisdiagnosed as having
type 2 diabetes (e.g., LADA, type 1 diabe-
tes) and who have a low b-cell reserve
coupled with a potential SGLT2 inhibitor–
associated increase in glucagon (6–8) are
unable to produce sufficient insulin to
suppress hepatic ketogenesis and pe-
ripheral lipolysis, which in the setting of
an acute illness (and associated increase
in insulin resistance) can develop DKA.
Further prospective research is needed
to better understand the incidence and
underlying mechanism(s) of DKA associ-
ated with SGLT2 inhibitors.
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