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Michael Røder15, Vikas S Sridhar16, David Cherney16, Peter Rossing1,2 and
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Abstract

Background: The indication for treatment of type 1 diabetes(T1D) with the sodium–glucose cotransporter 2 inhibitor
(SGLT2i) dapagliflozin has been withdrawn in Europe likely because of concern for diabetic ketoacidosis (DKA). We
calculated the incidence of DKA in people with T1D treated with SGLT2i in Denmark.
Methods: Clinical data from adults with T1D in Denmark were collected from nine outpatient clinics. Electronic health
records made the search for DKA accurate.
Results: From a population of 10.500 we observed 134 people treated with SGLT2i over a total period of 222 patient-
years. Of those 72% were female, mean age (SD) was 51.4 (13.6) years and median duration of treatment (median, IQR)
with an SGLT2i were 12.0 (6.0–29.0) months. The incidence of DKA was zero%.
Conclusion: In 134 people with T1D treated with SGLT2i we found that none of the participants developed DKA during
the treatment.

1Steno Diabetes Center Copenhagen, Capital Region, Denmark
2Department of Clinical Medicine, University of Copenhagen, Capital Region, Denmark
3Department of Medicine, Section of Endocrinology, Zealand University Hospital, Region Zealand, Denmark
4Department of Endocrinology and Nephrology, Nordsjællands Hospital, Denmark
5Department of cardiology and endocrinology, Slagelse Hospital, Denmark
6University of Southern Denmark, Institute for Regional Health, Odense, Denmark
7Steno Diabetes Center Aarhus, Aarhus University Hospital, Herlev, Denmark
8Department of Clinical Medicine, Aarhus University, Aarhus, Denmark
9Department of Internal Medicine, DNV-Gødstrup, Central Denmark Region, Denmark
10Department of Clinical Medicine, University of Aarhus, Aarhus, Denmark
11Department of Endocrinology, Randers Hospital, Region Central Denmark, Denmark
12Diagnostic Centre, University Research Clinic for Innovative Patient Pathways, Silkeborg Regional Hospital, Silkeborg, Denmark
13Department of Internal Medicine, Viborg Regional Hospital, Central Denmark Region, Denmark
14Steno Diabetes Center Zealand, Nykøbing Falster Hospital, Nykøbing Falster, Denmark
15Steno Diabetes Center Odense, University of Southern Denmark, Odense, Denmark
16Department of Medicine, University of Toronto, Division of Nephrology and Toronto General Hospital Research Institute, Toronto, ON, Canada

Corresponding author:
Denmark.
Email: elisabeth.buur.stougaard@regionh.dk

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,
reproduction and distribution of the work without further permission provided the original work is attributed as specified on the

SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://uk.sagepub.com/en-gb/journals-permissions
https://doi.org/10.1177/14791641221130043
https://journals.sagepub.com/home/dvr
https://orcid.org/0000-0003-3463-1102
mailto:elisabeth.buur.stougaard@regionh.dk
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
http://crossmark.crossref.org/dialog/?doi=10.1177%2F14791641221130043&domain=pdf&date_stamp=2022-10-19


Keywords
Type 1 diabetes, sglt2 inhibitors, diabetic ketoacidosis

Key messages

Estimating the incidence of DKA in type 1 diabetes
during SGLT2i treatment.

No events of DKA over an observation time of
222 patient years.

SGLT2i may be safe in people with type 1
diabetes.

The sodium–glucose cotransporter 2 inhibitor
(SGLT2i) dapagliflozin, was approved in Europe as
adjunctive therapy for type 1 diabetes (T1D) in 2019.
Recently AstraZeneca withdrew dapagliflozin for this
indication due to concern for diabetic ketoacidosis
(DKA). We have collected data from 134 people with
T1D treated with SGLT2i and calculated the incidence
of DKA.

This is a retrospective observational study, based on
reports from nine participating centers in Denmark.
Data were collected in the form of anonymized mean
values of age, sex, treatment duration and incidence of
DKA. We searched electronic health records for the
diagnosis of DKA in an outpatient setting and during
hospitalization. The system can discriminate between
different types of diabetes allowing us to focus on T1D.
As this is a quality assurance project with gathering of
minimal data, consent from subjects or approval from
institutional review boards were not required.

The observed population consisted of 134 adults with
T1D of which 72% were female. Mean age (SD) was 51.4
(13.6) years and the median duration of SGLT2i treatment
(median, IQR) was 12.0 (6.0–29.0) months corresponding
to a total observation time of 222 patient-years. There were
no cases of DKA (Table 1).

In the randomized controlled trials with dapagliflozin
5 mg once daily 4.0% of the participants with T1D de-
veloped DKA, compared to 1.1% in the placebo group
over a period of 24–52 weeks.1 This increased risk has

been a limiting factor for more widespread use of SGLT2i
in T1D.

Palanca et al. evaluated real-world safety of SGLT2i use
in people with T1D in 199 adults and found DKA incidence
to be 3.5%.2 However, in the subgroup analysis of par-
ticipants in whom the EU label was followed (dapagliflozin
5 mg once daily and BMI ≥ 27 kg/m2) there were no DKA
events.

Several studies have shown that the SGLT2i have
beneficial cardiovascular and kidney protective effects in
people with and without type 2 diabetes (T2D).3 There are
no studies of heart and kidney outcomes in participants
with T1D and there is currently no prospect that such
studies will be made, although both sotagliflozin and
empagliflozin have been demonstrated to reduce albu-
minuria in persons with T1D.4,5 If the cardiorenal effects
seen in T2D and in populations without diabetes could be
proven in T1D, these effects may outweigh the risk of
DKA. As people with T1D have higher mortality com-
pared with the general population, with cardiovascular
disease (CVD) being the main cause of death, improved
treatment of diabetic kidney disease and CVD is needed.
It is therefore important to consider whether the risk of
DKAwith SGLT2i treatment observed in clinical trials of
T1D can be offset by the large risk reductions seen in
cardiovascular and kidney outcome studies in T2D
populations.

This study is limited by its observational and retro-
spective character. We have no data about how individuals
were selected, which was likely based on the judgement of
the treating physician. Due to limited access to detailed
clinical data, we cannot provide a thorough analysis of the
characteristics of the population, such as BMI, insulin
pump use, diabetes duration, glucose control and frequency
of side effects. Being a real-world study with a population
of 134 individuals interpretation needs to be done with care
especially in respect to a relatively uncommon event such
as DKA.

Persons with T1D in Denmark offered treatment with
SGLT2i are carefully selected by the attending physician,
receive training regarding the risks of this treatment and
must demonstrate an understanding of how this is handled
before treatment is initiated. This indicates that SGLT2i
treatment may be safe in people with T1D if patients are
carefully selected and instructed.
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Table 1. Characteristics of the study population.

N 134
Age (years) 51.4 (13.6)
Female (%) 72 (53.7)
Duration of treatment (months) 12.0 (6.0–29.0)
Diabetic ketoacidosis (%) 0

Data are means (SD), median (IQR) and percentages.
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