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SGLT2 inhibition and ketoacidosis – should
we be concerned?    
SURYA PANICKER RAJEEV, JOHN PH WILDING

Abstract
SGLT2 inhibitors represent a novel class of oral glucose-
lowering treatment that addresses some important unmet
clinical needs in the treatment of type 2 diabetes, specifically
weight reduction and a low propensity to cause hypogly-
caemia.  SGLT2 inhibition lowers the renal threshold for
glucose excretion, resulting in renal glycosuria, a shift in
substrate utilisation from carbohydrate to fat oxidation and
hyperglucagonaemia; this poses a theoretical risk for ketoaci-
dosis (including euglycaemic ketoacidosis) in the presence of
other precipitating factors, especially reduction in insulin
doses or low carbohydrate intake.  There have been reports
of several cases of ketoacidosis, mostly euglycaemic, and in
people with type 1 or type 2 diabetes.  Subsequent to this
there were warnings from regulatory bodies (FDA and
EMEA).  In this article, we examine the reports of ketoacido-
sis associated with SGLT2 inhibition and try to explain the
intrinsic pathophysiological mechanisms associated with this
class of drugs which might contribute to ketoacidosis.  The
implications of these for clinical practice are summarised
with key messages to health care providers.   
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Background
SGLT2 inhibitors are a new class of drugs for the treatment of type
2 diabetes that act by inhibiting renal glucose reabsorption.  They
have been adopted rapidly into clinical practice guidelines due to
a combination of glucose lowering with weight reduction.1-3 The
difficulty in matching the normal physiology of insulin secretion
with exogenous insulin use is a constant challenge when manag-
ing type 1 diabetes.  As weight gain is a frequent consequence of
intensive glucose control,4 the use of adjunctive treatments that

promote weight loss is sometimes considered.  In addition, there
is preliminary evidence that SGLT2 inhibitors may attenuate the
progression of kidney disease in type 1 diabetes by decreasing
glomerular hyperfiltration.5,6 As a result of these preliminary data,
some clinicians have considered SGLT2 inhibitors to represent an
attractive option in type 1 diabetes, resulting in off-label use in
this population.  Case reports of diabetic ketoacidosis (DKA)
associated with SGLT2 inhibitors started to appear earlier this year,7,8

subsequent to reports of DKA in patients with type 1 diabetes in
clinical trials.5,9 The US Food and Drug Administration (FDA) pub-
lished a formal warning regarding this potential complication in
May 2015, reporting cases not only in type 1 diabetes, but also in
type 2 diabetes.10 This has been followed by a similar warning
from the European Medicines Evaluation Agency (EMEA)11 and
the manufacturers of the three currently approved SGLT2
inhibitors, dapagliflozin, canagliflozin and empagliflozin.     

In this article we review the evidence behind this potential
risk associated with SGLT2 inhibitors, the likely contributory
mechanisms for ketoacidosis and the clinical implications for
practising physicians and patients.

The magnitude of the problem
The FDA warning regarding this potential complication was
based on 20 cases of ketoacidosis in patients taking SGLT2
inhibitors identified from the FDA Adverse Event Reporting
System database between 2013 and 2014.10 Although most of
these patients had type 2 diabetes, details of these cases and
other contributory factors are not known. Subsequently, nine
patients on SGLT2 inhibitors (seven with type 1 diabetes and two
with type 2 diabetes) with 13 episodes of ketoacidosis were
described in a case series.12 Interestingly, all presented with
euglycaemic DKA (euDKA) that led to a delay in diagnosis. A fur-
ther report described two cases of euDKA in SGLT2 inhibitor-
treated patients, both with misdiagnosed secondary diabetes.13

From the limited available data, the risk appears to be firstly
of euDKA in type 1 diabetes and in the context of pancreatic (β-
cell) failure.  SGLT2 inhibitors were shown to have beneficial
effects on glucose profiles with lower daily insulin doses in type
1 diabetes from short term studies9,14; nevertheless, worries
regarding ketosis were noted.15 Recognised precipitating factors
for ketoacidosis were noted in the two patients with type 2
diabetes who developed ketoacidosis: poor nutrition and post-
operative stress.  The blood glucose levels of reported patients
range from 5.3–12.9 mmol/L and the lowering of renal threshold
of glucose excretion in the context of increased free fatty acid
generation was the postulated mechanism for euDKA.16 The

Obesity and Endocrinology Research Group, Institute of Ageing and
Chronic Disease, University of Liverpool 

Address for correspondence: Professor John PH Wilding 
Obesity and Endocrinology Research Group, University of Liverpool,
Clinical Sciences Centre, Aintree University Hospital NHS Foundation
Trust, Longmoor Lane, Liverpool, L9 7AL, UK.
Tel: +44 (0)151 529 5899 
E-mail: J.P.H.Wilding@liverpool.ac.uk      

http://dx.doi.org/10.15277/bjdvd.2015.047

VOLUME 15 ISSUE 4  l OCTOBER/NOVEMBER/DECEMBER 2015 155



REVIEW

EMEA has retrieved 147 cases of ketoacidosis reported world-
wide through a search in the EudraVigilance (EV) database: 96
cases with canagliflozin, 46 cases with dapagliflozin and 7 cases
with empagliflozin.  Of these, 46 patients had a diagnosis of type
1 diabetes.11 The background rate of DKA in type 2 diabetes has
been reported to be 0.5 cases per 1000 patient-years17 and the
estimated exposure to SGLT2 inhibitors is over half a million
patient-years.  This is most likely a class effect; most of the pub-
lished cases were associated with canagliflozin, but this probably
relates to the more widespread use of this agent in the USA due
to its longer availability.  

More recently, Erondu et al reported the incidence of DKA in
17,596 patients from randomised control studies of canagliflozin
up until May 2015 which were 0.522 per 1000 patient-years
(canagliflozin 100 mg), 0.763 per 1000 patient-years
(canagliflozin 300 mg) and 0.238 per 1000 patient-years (com-
parators).18 The cardiovascular outcomes trial for empagliflozin
in 7,028 patients (EMPA-REG) reported an incidence of DKA of
<0.1% with no difference between empagliflozin and placebo
groups.19

Mechanism of ketoacidosis with SGLT2 inhibition
The triad of hyperglycaemia (blood glucose >11 mmol/L), acidosis
(venous HCO3

– <15 mmol/L) and ketonaemia or ketonuria associ-
ated with DKA occurs in the context of insulin deficiency and
counter-regulatory hormone excess with possible contributory pre-
cipitating factors like stress, illness or omission of insulin.  EuDKA is
the combination of metabolic acidosis and ketosis in the context of
normoglycaemia and is often perpetuated by contributory factors
such as poor nutrition or alcohol intake.  It is possible to maintain
normoglycaemia even in a state of severe and absolute insulin
dearth by augmenting renal glycosuria. Hyperglycaemia usually pre-
cedes ketoacidosis in type 1 diabetes and the normoglycaemic state
in the context of ketoacidosis may cause delay in the diagnosis. 

Although the reports so far suggest most of the cases were
associated with one or more contributory factors, there are
intrinsic metabolic effects of SGLT2 inhibitors which can com-
pound this problem. Tofogliflozin has been demonstrated to
cause a dose-dependent hyperketonaemia and ketonuria in a
combined phase 2 and 3 trial in patients with type 2 diabetes,
though none of the patients required emergency admission.20

Data from rodent models showed that SGLT2 inhibition can
cause an increase in β-hydroxybutyric acid (BHBA) levels; this
finding was seen in the fasting state and in a calorie-restricted
group in the non-fasting state.21 Ipragliflozin was also demon-
strated to have similar effects on plasma and urinary BHBA levels
as well as plasma levels of non-esterified fatty acids (NEFA) in
the fasted state, implying augmentation of fatty acid oxidation
and lipolysis, respectively.22 Since SGLT2 inhibition promotes
lipolysis, the resulting increase in FFA levels contributes to keto-
genesis.  This is even more important in states of relative insulin
deficiency or low carbohydrate intake.

There is increased Na+ concentration in renal tubular fluid as
a result of decreased Na reabsorption due to SGLT2 inhibition.
The resultant increase in positive electrical charge in the tubular

lumen due to the Na+ ions may drive the ketone bodies (which
are negatively charged) into tubular fluid resulting in reduced
clearance of urinary ketones.  This leads to elevation of plasma
ketone levels.23 This could pose a problem (in conjunction with
normoglycaemia) in early recognition of ketoacidosis in patients
who monitor urine ketones.

This effect was noted in animal studies of phlorizin, the pro-
totype non-specific SGLT inhibitor.24 Phlorizin increases plasma
acetoacetate and 3-hydroxy butyrate levels during fasting in an-
imal models.25 It has also been postulated that the sodium-
monocarboxylate transporter 1, SLC5A8, in the epithelial cells
of renal tubules may be involved in the co-transport of ketone
bodies with Na+, and SGLT2 inhibition might have similar effects,
resulting in decreased renal clearance of ketone bodies.23

Hyperglucagonaemia, a recently observed26,27 and ex-
plained28 metabolic effect of SGLT2 inhibition could augment
hepatic ketogenesis.29 Animal studies suggested this effect
might be due to increased kisspeptin-1 secretion in the liver.30

SGLT2 expression has been demonstrated in α-cells of the pan-
creas and may be a component of the α-cell glucose sensing
mechanism, as inhibition of this process in human islets results
in increased glucagon secretion.28 SGLT2 inhibition could also
augment the hypovolaemic state associated with DKA due to
the diuresis of around 400 mL/day.  This in turn could increase
the secretion of counter-regulatory hormones resulting in lipo-
lysis and ketogenesis. 

During fasting, when insulin concentrations are low, glucose
can be maintained at close to normal levels during SGLT2 inhi-
bition, despite glycosuria, due to increased hepatic gluconeoge-
nesis.  However, suppression of hepatic ketogenesis requires
relatively higher insulin concentrations.  SGLT2 inhibition has an
intrinsic propensity to increase ketogenesis as it lowers insulin
concentrations, increases glucagon secretion, and promotes
lipolysis.  For the majority of patients with type 2 diabetes, SGLT2
inhibition helps lower blood glucose and reduces body fat.
SLGT2 inhibition augments the hepatic ketogenesis pathway in
patients with type 1 diabetes, secondary diabetes due to pan-
creatic insufficiency, in type 2 diabetes in the context of severe
metabolic stress (e.g. sepsis or after major surgery), or a reduc-
tion of exogenous insulin or restricted carbohydrate intake.

Available reports included contributory factors which led to
DKA, like poor nutrition, post-surgery and associated stress,

Table 1 Predisposing factors for DKA in patients on SGLT2 
inhibitors 

Reduction in insulin doses

Withdrawal of insulin in T2 diabetes

Post-operative period

Intercurrent illness

Alcohol consumption 

Low carbohydrate diet
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reduction in insulin doses related to glycaemic improvement or
an adaptation to lifestyle.  However, the contribution of the
above explained metabolic processes secondary to SGLT2 inhi-
bition should not be overlooked.  Table 1 summarises some of
the factors associated with precipitation of DKA in patients
treated with SGLT2 inhibitors.   

Implications for practice
Type 1 diabetes
Short-term trial data in a small number of type 1 diabetes
patients have suggested that SGLT2 inhibition may improve gly-
caemic profiles, help with weight loss, and potentially reduce the
progression of diabetic renal disease.  However, euDKA was
observed during at least one of these trials,5,9 and SGLT2
inhibitors are not currently approved for use in patients with type
1 diabetes.  Hence, it is prudent to avoid the unlicensed use of
this class of drugs in the light of these warnings, at least until
more safety data from randomised control trials are available.  

Patients need to be counselled regarding the potential risk of
ketoacidosis, symptoms of DKA (reinforced with special emphasis
on euDKA) when a SGLT2 inhibitor is given in a research setting.
Monitoring of ketones in blood or urine is essential.  In the presence
of ketonuria or ketosis, advice should be given to withhold the
SGLT2 inhibitor, maintain carbohydrate and fluid intake to allow
continuation of insulin therapy at optimal doses and to seek med-
ical attention depending on the severity.

Type 2 diabetes
In the context of type 2 diabetes, physicians need to be aware
of euDKA with use of SGLT2 inhibitors, especially at times of
poor nutrition or stress following surgery.  The intriguing meta-
bolic effects of SGLT2 inhibition have not been fully elucidated
and the metabolic stress in the post-operative period may aug-
ment these effects.  Until more information is available, it might
be prudent to withhold SGLT2 inhibitors for a longer duration
than its therapeutic half-life during the peri-operative period.
Providers also need to be cautious of the propensity for ketoaci-
dosis in relation to alcohol intake (although reports suggested
not more than usual average intake) as well as reduction in in-
sulin doses secondary to glycaemic improvement or in relation
to physical activity.  However, we do not think there is enough
evidence from available data to recommend regular monitoring
of ketones in patients with type 2 diabetes taking a SGLT2
inhibitor.  

All reported cases responded to standard treatment for DKA
with intravenous fluids, electrolyte supplementation and insulin
infusion.

Cautions
It would be prudent to advise patients to withhold SGLT2
inhibitors temporarily if they cannot maintain adequate fluid
intake, due to their propensity to worsen the hypovolaemic state.
Patients should not be re-challenged immediately with SGLT2
inhibitor treatment after episodes of ketoacidosis, as this can
cause recurrence of their metabolic derangement.12 Accurate

diagnosis of type 2 diabetes is essential as episodes of euDKA
were observed in patients with secondary diabetes due to
pancreatic damage who were incorrectly diagnosed as having
type 2 diabetes. 

Summary
SGLT2 inhibitors, the latest class of glucose-lowering drugs,
facilitate lowering of hyperglycaemia by inhibiting renal glucose
re-absorption and promoting glycosuria. When used appropri-
ately in type 2 diabetes (their licensed indication), they display
therapeutic advantages compared to some other glucose low-
ering drugs, particularly a reduction in body weight secondary
to energy loss, a low intrinsic risk of hypoglycaemia and a mod-
erate reduction in systolic blood pressure. 

SGLT2 inhibitors are currently being investigated for use in type
1 diabetes.  Short-term results have demonstrated glycaemic effi-
cacy, reduction in insulin doses and, more notably, a reduction in
intra-glomerular pressures resulting in reversal of glomerular hyper-
filtration, one of the pathologies associated with the development
of diabetic kidney disease.  However, the side effect profile of SGLT2
inhibitors should be carefully studied before extrapolating these
data to clinical practice, especially in the context of reports of
ketoacidosis. 

SGLT2 inhibitors may be associated with ketoacidosis due to
their ketogenic effects secondary to enhanced lipolysis and hyper-
glucagonaemia and this could pose a problem in the presence of

Key messages

• Several cases of ketoacidosis (some with relatively 
normal blood glucose levels) have been observed with
SGLT2 inhibitors; many (not all) in patients with type 1
diabetes, secondary diabetes, or in type 2 diabetes 
patients with other known risk factors for 
ketoacidosis

• SGLT2 inhibitors are not currently approved for use in
type 1 diabetes, and no data support their use in 
secondary diabetes; avoid their use outside closely-
monitored research settings until more safety data 
on ketoacidosis are available 

• Clinical staff (including emergency medicine physicians
and general practitioners) need to be aware of this
rare, but potentially life-threatening metabolic 
derangement to facilitate appropriate and timely 
testing (plasma and/or urine ketones and metabolic
acidosis) when such patients become unwell, even if
blood glucose is not increased

• SGLT2 inhibitors should be stopped at times of 
dehydration and also in the peri-operative period.

• Patients who develop ketoacidosis on SGLT2 inhibitors
should not be re-challenged immediately due to 
increased risk of recurrence of ketoacidosis
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other contributory factors for ketoacidosis.  Nevertheless, this is an
association and a cause-effect relationship has not been proven to
date.  Hence, in the context of type 2 diabetes relevant to UK prac-
tice, there is insufficient evidence for serious alarm, though we urge
physicians to be aware of the susceptibility of patients to develop
this metabolic complication, especially with other predisposing
factors.  We also need more safety data from large randomised,
controlled trials regarding SGLT2 inhibitor use in type 1 diabetes
and type 2 diabetes in the peri- and post-operative states.
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