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Sodium–glucose cotransporter 2 (SGLT2)
inhibitors have been linked with diabetic
ketoacidosis (DKA) (1–4). However, char-
acteristics of “at-risk” patients are less
well described.
Clinical cases were collected from South

Australia between December 2015 and
March 2017. The audit was approved by
the Royal Adelaide Hospital Human Re-
search Ethics Committee (HREC reference
no. HREC/17/RAH/185).
The Therapeutic Goods Administration

(TGA) of the Australian Government De-
partment of Health was contacted, and a
search of the Database of Adverse Event
Notifications (medicines) for all reports of
SGLT2 inhibitor–associated DKA was re-
quested up until April 2017 using the
search terms ketoacidosis, diabetic ketoa-
cidosis, and generic and brand drug
names. Full case line listings for each no-
tification were provided by the TGA.
Autoantibodies against glutamic acid

decarboxylase (GAD) and insulinoma-
associatedantigen2 (tyrosinephosphatase
IA-2) were quantitated using commercial
ELISA test kits (Euroimmun AG, Lubeck,
Germany). These assays are calibrated
in international units (IU) using the first
World Health Organization reference re-
agent for islet cell antibodies (1999, reagent
97/550; National Institute for Biological
Standards and Control, Hertfordshire,

England), which contains 100 IU of anti-
GAD and 100 IU of anti–IA-2 per ampoule
by definition.

We identified thirteen cases of SGLT2
inhibitor–associated DKA occurring in
South Australia between December 2015
andMarch 2017 (Table 1). Eight case sub-
jects had type 2 diabetes (T2D) and five
had type 1 diabetes (T1D), although two
patients were identified as having T1D or
latent autoimmune diabetes of adults
(LADA) retrospectively after DKA presen-
tation based on positive anti-GAD and
anti–IA-2 antibodies. Insulin was copre-
scribed in half of the patients with T2D
(n = 4), was not prescribed in three pa-
tients, and was unknown in one patient,
raising the possibility of misdiagnosis of
T1D or LADA despite antibodies not being
detected or indicating advanced T2D.
Nine patients required intensive care or
high dependency care, and all patients re-
quired i.v. insulin and dextrose. Dapagliflozin
was implicated in nine and empagliflozin
in four cases of DKA. One patient died due
to Takotsubo cardiomyopathy. Treating
doctors initially overlooked the diagnosis
of DKA in two patients and were unaware
of the association of SGLT2 inhibitors and
DKA in six patients.

Precipitating events were identified in
most cases. These includedmissed insulin
(n = 5), undiagnosed T1D (n = 2), infection

(n = 5), and surgery (n = 3). Five case sub-
jects had reduced carbohydrate intake pre-
cipitating DKA (fasting for surgery, low
carbohydrate diet, or anorexia).

Up until April 2017, 82 unique notifica-
tions of SGLT2 inhibitor–associated DKA
have been reported to the Australian
TGA. Reports include twenty-four pa-
tients with T2D and nine patients with
T1D (two diagnosed retrospectively).
Two reports of DKA occurred with off-
label drug use for weight loss or insulin
resistance, both precipitated by a gastro-
intestinal illness. Diabetes status was not
reported in the majority (n = 47). SGLT2
inhibitors were mostly discontinued; how-
ever, they were recommenced in three re-
ports (at lower doses in two). Most reports
described treatment with i.v. insulin and
dextrose. Eighteen reports of DKA were
managed in intensive care, and sixteen
were classified as life-threatening.

Precipitants were surgery or perioper-
ative (n = 13), reduction or cessation
of insulin (n = 2), low carbohydrate diet
(n = 1), acute coronary events (n = 3),
infections (n = 3), and liver and kidney
impairment (n = 1). Average duration of
SGLT2 inhibitor use prior to DKA presen-
tation was 11.6 weeks (range 1 day to
76 weeks). DKA was generally serious, with
mean pH 7.06, bicarbonate 7.35 mmol/L,
ketones 6.2 mmol/L, and anion gap
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23.7 mmol/L. The mean glucose was
14.1 mmol/L (range 4.8 to 35 mmol/L), and
four patients had glucose#8.0 mmol/L.
We suggest temporary cessation of

these drugs during acute illness and sur-
gery. The SGLT2 inhibitor–associated DKA
illness prodrome was similar to that of
DKA in T1D; however, DKA often occurs
in the absence of marked hyperglycemia.
Thus, early detection of the ketotic state
while symptomatic with malaise, nausea,
and/or vomiting, particularly in the context
of precipitants, could prompt temporary
cessation of SGLT2 inhibitor, hydration, fre-
quent carbohydrate consumption, and ad-
ministration of full-dose insulin to prevent
progression to DKA (2). Consider excluding
a diagnosis of T1D before prescribing
these medications or reevaluating diabe-
tes diagnosis upon DKA presentation.
The TGA reports are unlikely to have

captured all cases of SGLT2 inhibitor–
associated DKA as adverse drug events
are generally underreported (5). Further
limitations include variable and incom-
plete case information, with reporting
bias subject to media influence.
Within South Australia between De-

cember 2015 and March 2017, 20,548
empagliflozin and 65,303 dapagliflozin
scripts were dispensed. This equates to
85,851 SGLT2 inhibitor scripts dispensed
over the 16-month duration in which our

case series was conducted. This equates
to 7,154.25 patient-years of SGLT2 inhib-
itor treatment in which 13 SGLT2 inhibitor–
associated DKA cases occurred, resulting
in an adverse event rate of 1.8 cases of
SGLT2 inhibitor–associatedDKAper 1,000
patient-years. While this estimate is
higher than all but one previous, it must
be treated with caution (1–4). Limitations
include uncertainty around case detec-
tion and medication compliance. SGLT2
inhibitor–associated DKA incidence re-
quires further validation.

Key issues identified were that 1)
most patients did not recognize DKA, 2)
treating physicians often did not initially
recognizeDKAdue to relative euglycemia,
and 3) effective treatment was delayed.
Most cases were severe, with one associ-
ated death, the second within the litera-
ture (4). Identifiable precipitants were
often present, suggesting the potential
for risk mitigation.
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