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Abstract
The use of sodium-glucose cotransporter 2 inhibitors is associated with an increased risk of diabetic ketoacidosis. This risk has been 

reported in particular in off-label use of these agents in type 1 diabetes, but reports of risks in type 2 diabetes patients also exist. In 

type 2 diabetes ketoacidosis is rare and is present particularly in patients who have undergone prolonged starvation, serious infection, 

alcohol abuse or surgery. The pleiotropic advantages of sodium-glucose cotransporter 2 inhibitors do not outweigh the risk for a diabetic 

ketoacidosis, but caution is warranted. 
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Sodium-glucose cotransporter 2 inhibitors (SGLT2i) are the latest 

class of oral glucose-lowering agents proposed for the treatment of 

patients with type 2 diabetes mellitus (DM2). Besides lowering blood 

glucose in an insulin-independent manner by blocking the tubular 

reabsorption of filtered glucose, they also have a positive effect on 

blood pressure, weight control and albuminuria, making them true 

anti-diabetic agents.1–5 In addition, they have the advantage of not 

causing hypoglycaemia and, recently, the Empagliflozin, Cardiovascular 

Outcomes, and Mortality in Type 2 Diabetes (EMPA-REG OUTCOME) 

trial showed a relative reduction in cardiovascular mortality of 38% 

compared with placebo.6 These beneficial effects have rapidly rendered 

these agents drugs of choice for treatment of patients with DM2. 

However, recent reports on the occurrence of ketoacidosis with these 

agents have led the regulatory agencies (Food and Drug Administration 

[FDA] and European Medicines Agency [EMA]) to issue a warning on 

the matter of SGLT2i.7,8 Should clinicians worry?

The worry is mainly based on interesting case reports, as the EMPA-

REG Outcome trial did not show a signal for ketoacidosis. The largest 

patient group was described by Peters et al., with 13 cases of diabetic 

ketoacidosis (DKA) in a total of nine patients being reported. However, 

only two of them had DM2, which is the only official indication for 

prescribing an SGLT2i. These two patients developed DKA 12 hours 

and one week after surgery, respectively. Six out of seven patients 

with type 1 diabetes mellitus (DM1) had reduced their insulin dose 

before the episode of DKA. Four cases had an associated respiratory 

or gastrointestinal infection and three used alcohol previous to the 

DKA.9 Researchers at Janssen Pharmaceuticals also published an 

article about all serious adverse events of DKA and related events 

(ketoacidosis, metabolic acidosis, and acidosis) from 17,596 patients 

from randomised studies of canagliflozin.10 In total, 12 patients 

developed a DKA, with only 10 of them being treated with SGLT2i. In 

addition, six out of 10 patients were shown retrospectively to have 

glutamic acid decarboxylase (GAD) autoantibodies, suggestive of 

autoimmunity, indicating that they were not typical DM2 patients. Of 

interest, also in these patients there was often an eliciting event like 

surgery, alcohol or an infection.

When evaluating the available case reports described in the literature 

it is striking that most cases occurred in patients with severe beta-

cell dysfunction or with undetected autoimmune diabetes. In addition 

there was often a trigger like alcohol abuse, an infection and prolonged 

starvation, as with surgery. Another important point is that the clinical 

diagnosis of DKA was not always convincing because in many cases 

there were missing pH values and, often, no measurements of urinary 

and/or blood ketones. 

Patients treated with SGLT2i, however, may have elevated levels of 

ketones, without it being pathological. SGLT2i lower blood glucose by 

inducing glucosuria in an insulin-dependent manner; therefore, the 

pre- and postprandial blood glucose levels will be lower. Patients who 

are treated with insulin will have to reduce their insulin dose in order to 

prevent hypoglycaemia – also the endogenous insulin production will be 

lower. The insulin dose can come below a critical point that is necessary 
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to inhibit lipolysis and prevent ketogenesis.11 Recently, a direct effect 

of SGLT2i on the alpha-cells of the islets of Langerhans has also been 

described. The production of glucagon will increase, causing a decline in 

insulin:glucagon ratio with stimulation of lipolysis, gluconeogenesis and 

ketogenesis.12 Animal studies also show that SGLT2i will lead to a rise 

in reabsorption of ketone bodies.13 In conclusion, patients treated with 

SGLT2i will have less insulin and more ketones in basal circumstances. 

However, when these patients reduce their carbohydrate intake, in order 

to lose more weight, encouraged by the already favourable weight effect 

of SGLT2i, they may further have to reduce their insulin dose, leading 

to even more lipolysis and ketogenesis. Furthermore, elevation of the 

counter-regulating hormones (cortisol, glucagon, adrenaline, growth 

hormone) such as in severe stress (i.e. surgery of infection) will stimulate 

peripheral lipolysis and lead to the formation of ketones. Eventually the 

accumulation of ketones may lead to a DKA. 

Based on our current knowledge of SGLT2i and the described case 

reports it can be concluded that the risk of DKA when taking a SGLT2i is 

very low in patients with DM2 and is especially seen in patients with low 

or absent beta-cell function. Prolonged starvation, serious infection, 

alcohol abuse or surgery can predispose a patient to DKA. In these 

conditions increased awareness and even temporary discontinuation 

of the drug is advised, with the average half-life of most SGLTi being 

12 hours.14 Finally, clinicians have to be aware of two major clinical 

pitfalls. First, due to the insulin-independent-induced glucosuria, the 

glycaemia may not be profoundly elevated when the patient presents 

with a DKA. Second, urinary ketones can be elevated in patients taking 

SGLTi without being pathological, but urinary ketonelevels may also 

be deceivingly lowered by the SGLT2i, making it crucial to check blood 

ketones (beta-hydroxybutyrate) rather than urinary ketones when DKA 

is suspected in a patient taking SGLT2i. ■
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