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Ketoacidosis with SGLT2 inhibitors in routine clinical 
practice of type 2 diabetes: Scandinavian cohort and nested 
case–control study
Erik Kadesjö, Jonas Söderling, Anders Hviid, Viktor Wintzell, Henrik Svanström, Björn Eliasson, Soffia Gudbjörnsdóttir, Mads Melbye, 
Kristian Hveem, Christian Jonasson, Daniel P Andersson, Björn Pasternak, Peter Ueda

Summary
Background SGLT2 inhibitors increase the risk of ketoacidosis, but data from routine clinical practice are scarce. We 
used nationwide registers with the aim of assessing the incidence, risk factors, and prognosis of ketoacidosis during 
SGLT2 inhibitor treatment in patients with type 2 diabetes.

Methods In this cohort and nested case–control study we used data from three Scandinavian countries. In a cohort of 
SGLT2 inhibitor-treatment episodes among patients with type 2 diabetes aged at least 18 years in Sweden, Denmark, 
and Norway, we estimated ketoacidosis incidence. Using a nested case–control design (matched on age, sex, region of 
birth, calendar time, and time since treatment initiation), we assessed risk factors and precipitating or co-occurring 
events. Changes in diabetes medications were evaluated.

Findings The study period was Jan 1, 2013, to Dec 31, 2021, in Denmark and Sweden, and Jan 1, 2013, to Dec 31, 2022, 
in Norway. We included 322 597 treatment episodes among 282 282 patients with type 2 diabetes (mean age 63 years, 
116 521 [36·1%] of 322 597 women). During a median (IQR) follow-up of 1·3 (0·7–2·8) years, 1452 ketoacidosis events 
occurred (incidence 2·43 per 1000 person-years). Although highest shortly after initiation, risk persisted throughout 
follow-up. Strong risk factors included high HbA1c (≥83 vs ≤52 mmol/mol: odds ratio [OR] 15·37 [95% CI 11·50–20·53]), 
malnutrition (OR 10·54 [7·32–15·18]), previous ketoacidosis (OR 10·40 [7·09–15·24]), low BMI (<20 kg/m² vs 20 to 
<25 kg/m²: OR 9·98 [5·68–17·53]), and recent hypoglycaemia (OR 5·22 [2·60–10·49]). Infection was the most 
common precipitating or co-occurring event (454 [31·8%] of 1428 vs 862 [6·1%] of 14 233 for ketoacidosis cases 
vs controls; OR 7·60 [6·62–8·71]). The strongest associations were observed for alcohol intoxication, acute renal 
events, acute abdomen, stroke, and major surgery, although associations for some transient exposures, particularly 
milder conditions, might have been overestimated because of under-registration among controls. Exploratory analyses 
suggested that the observed associations were largely general to patients with type 2 diabetes rather than specific to 
SGLT2 inhibitor use. At 1 year after ketoacidosis, 211 (25·1%) of 842 remained on SGLT2 inhibitors and insulin use 
increased from 269 (31·9%) of 842 to 615 (73·0%) of 842.

Interpretation Ketoacidosis risk with SGLT2 inhibitors varies greatly by patient characteristics and is not confined to 
early in treatment. Risk should be assessed throughout treatment, and patients should be instructed to pause 
treatment during acute illness and stress.

Funding Region Stockholm, Swedish Society of Medicine, Karolinska Institutet.

Copyright © 2026 Elsevier Ltd. All rights reserved, including those for text and data mining, AI training, and similar 
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Introduction
SGLT2 inhibitors are widely used in type 2 diabetes 
owing to their beneficial effects on glucose control and 
cardiovascular and renal outcomes. Clinical trials have 
shown that ketoacidosis risk is more than doubled 
compared with placebo.1

Knowledge gaps regarding ketoacidosis during SGLT2 
inhibition remain. First, although incidence rates in 
clinical trials of type 2 diabetes patients with high 
cardiovascular risk or chronic kidney disease have ranged 
from 0·3 to 2·2 events per 1000 person-years,1–3 the trials 
included selected populations and excluded those with 
poor glucose control4–6 or previous ketoacidosis.4,6,7 Case 

definitions also varied across trials, with some deviating 
from international consensus criteria.8 Uncertainty 
therefore remains regarding incidence of ketoacidosis in 
routine clinical practice, for which estimates from 
observational studies range from less than one to 
eight events per 1000 person-years.9–13 Second, risk factors 
and precipitating events are incompletely characterised. 
A US claims-based study identified insulin use, dementia 
medication use, history of ketoacidosis, digoxin use, 
recent hypoglycaemia, previous intracranial haemor
rhage, and higher baseline HbA1c, creatinine, and serum 
bicarbonate concentrations as risk factors,13 but risk 
factors were measured only at treatment initiation and 
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maximum follow-up was 12 months (mean 6 months). 
Risk factors highlighted in a literature review of 
ketoacidosis in type 2 diabetes, with or without SGLT2 
inhibitor treatment,14 included insulin use, previous 
ketoacidosis, high HbA1c, history of hypoglycaemia, and 
older age. Importantly, risk factors can change over time, 
and precipitating events such as infections, surgery or 
myocardial infarction are often acute. The prevalence 
and association of a broader range of risk factors and 
precipitating events therefore remain uncertain. Finally, 
data on prognosis after ketoacidosis during SGLT2 
inhibitor therapy, including mortality and changes in 
glucose-lowering medications, are scarce.

We aimed to investigate ketoacidosis among patients 
during SGLT2 inhibition.

Methods
Study design and participants
In this cohort and nested case–control study, which used 
data from three Scandinavian countries, we investigated 
the incidence of, risk factors and precipitating or 

co-occurring events for, and outcomes after, ketoacidosis 
among patients with type 2 diabetes using SGLT2 
inhibitors.

We included patients aged 18 years or older who had 
filled a prescription for an SGLT2 inhibitor during the 
study period and identified treatment episodes of use 
(Anatomical Therapeutic Chemical Classification System 
codes; appendix p 6). We excluded treatment episodes 
among patients with chronic kidney disease or heart 
failure without diabetes, and of patients with type 1 
diabetes (appendix p 7).

The study was approved by the Regional Ethics 
Committee in Stockholm, Sweden, and the Regional 
Committee for Medical and Health Research Ethics, 
Norway. Ethics approval is not required for register-based 
research in Denmark. Informed consent was not required.

Procedures
We used nationwide register data from Sweden, Norway, 
and Denmark, as described in the appendix (p 2). Data 
sources included population registers and Statistics 

Research in context

Evidence before this study
We searched for studies on the incidence of, risk factors for, 
and prognosis after, ketoacidosis with SGLT2 inhibitor 
treatment in population-based samples of type 2 diabetes 
patients. We used anchor studies: three-country systematic 
review about ketoacidosis with SGLT2 inhibitor treatment and 
one about ketoacidosis in type 2 diabetes, one consensus 
statement on hyperglycaemic crises in adults with diabetes, 
one study on ketoacidosis events in clinical trials of the 
SGLT2 inhibitor canagliflozin and one US study on risk factors 
for ketoacidosis in claims data. We used Google Scholar to screen 
all articles that cited or were referenced by these publications as 
of Dec 1, 2025. The incidence rate of ketoacidosis among 
SGLT2 inhibitor users in routine clinical practice varied widely 
from less than one to eight events per 1000 person-years, but 
the studies were done in selected populations, or had short 
follow-up duration. In two large register or claims-based studies, 
insulin use, use of medications for dementia, history of 
ketoacidosis, use of digoxin, recent hypoglycaemia, previous 
intracranial haemorrhage, and higher baseline HbA1c, creatinine, 
and serum bicarbonate concentrations were identified as risk 
factors for ketoacidosis during SGLT2 inhibitor treatment. 
The studies were limited by the short follow-up time and the 
use of risk factor data from treatment initiation, and did not 
assess events precipitating ketoacidosis. Studies on mortality 
and changes in glucose-lowering medications after ketoacidosis 
with SGLT2 inhibitors were limited to assessments of short-term 
mortality, single centre studies and case series.

Added value of this study
In this tri-national study including over 320 000 treatment 
episodes from more than 280 000 patients with type 2 diabetes 

treated with SGLT2 inhibitors and 1452 cases of ketoacidosis, 
the ketoacidosis incidence was 2·43 events per 1000 person-
years . Although the incidence was highest during the initial 
180 days of treatment, the risk persisted throughout follow-up. 
Using risk factor data that were updated throughout follow-up, 
we found that patient characteristics such as high HbA1c, 
malnutrition, previous ketoacidosis, low BMI, and recent 
hypoglycaemia were strongly associated with ketoacidosis risk. 
The most common precipitating or co-occurring event was 
infection. The strongest associations were observed for alcohol 
intoxication, acute renal events, acute abdomen, stroke, and 
major surgery, although associations for some transient 
exposures, particularly milder conditions, might have been 
overestimated because of under-registration among controls. 
After a ketoacidosis event, mortality was high, although not 
fully attributable to ketoacidosis given the presence of 
concurrent acute conditions. Although many patients switched 
to insulin therapy, one in four patients continued use of 
SGLT2 inhibitors. In analyses of patients using dipeptidyl 
peptidase-4 inhibitors, the magnitude and direction of 
associations for ketoacidosis risk factors did not differ 
substantially from those observed for SGLT2 inhibitors.

Implications of all the available evidence
The available evidence on ketoacidosis with SGLT2 inhibitors 
suggests that there are large individual variations in risk 
depending on patient characteristics. Although highest 
shortly after treatment initiation, the risk persists over time 
and should be evaluated throughout treatment. Patients 
should be instructed to pause treatment during acute illness 
and stress.

See Online for appendix
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Sweden−Statistics Denmark (demographics and 
socioeconomic variables), patient registers (comorbidities 
and outcome), prescription registers (study drugs and 
co-medications), cause of death registers (outcome), the 
Swedish National Diabetes Register (blood pressure, 
albuminuria, HbA1c concentration, estimated glomerular 
filtration rate [eGFR], BMI, and smoking), and the 
Danish Register of Laboratory Results for Research 
(albuminuria, eGFR, and HbA1c concentration).

Exposure started at the first filled prescription and 
continued while refills occurred before the estimated end 
date of the latest prescription. A 180-day grace period was 
applied to account for irregular drug intake and capture 
events shortly after discontinuation. A new treatment 
episode required at least 180 days without previous 
exposure to SGLT2 inhibitors as per the exposure 
definition given above. Patients could contribute multiple 
treatment episodes if they discontinued and later 
restarted treatment during the study period,15 and could 
contribute more than one ketoacidosis event, provided 
these occurred in separate treatment episodes.

Outcomes
Ketoacidosis was identified by use of ICD-10 codes from 
patient registers and cause of death registers (appendix 
p 8).16 Potential risk factors were selected a priori on the 
basis of previous evidence, mechanistic plausibility, and 
key patient characteristics, as described in the appendix 
(pp 2, 9–14). These included socioeconomic factors, 
medical history, and ongoing medication use (appendix 
pp 9–14), assessed at the time of the ketoacidosis event. 
For Sweden and Denmark, we used variables from the 
National Diabetes Register and the Danish Register of 
Laboratory Results for Research; we imputed missing 
data (appendix p 15) using fully conditional specification 
with ten imputations.

Potential precipitating or co-occurring factors, selected 
a priori, were acute exposures (eg, infection, myocardial 
infarction, stroke, and acute abdomen) identified within 
30 days before or on the index date (appendix pp 9–14).

Statistical analysis
Patients were followed from treatment initiation until 
ketoacidosis, treatment discontinuation, death, emigra
tion, or end of study period. Incidence rates with 95% CIs 
were estimated by use of robust standard errors in the 
total population and by country. Differences in risk by 
time since treatment initiation were assessed by use of a 
log cumulative hazard plot and a Poisson model, which 
estimated the incidence rate ratio for each 180-day 
interval since treatment initiation.

We assessed risk factors and precipitating or 
co-occurring events using a nested case–control design 
with risk-set sampling. Within treatment episodes of 
ongoing SGLT2 inhibitor use, each ketoacidosis case 
(first event during follow-up) was matched with up to 
ten controls who were alive, had not emigrated, had not 

reached the end of the study period, or had ketoacidosis 
on case’s index date. Matching criteria were sex, region 
of birth, calendar time (±180 days), and age group 
(appendix p 9). Individuals could contribute as controls 
and later as cases. We used conditional logistic 
regression with risk-sets as strata to calculate the odds 
ratio (OR) for each risk factor and precipitating or 
co-occurring event separately (appendix pp 9–14). As 
each variable was assessed in a separate model, the 
reported ORs should not be interpreted as independent 
contributions to risk or combined to estimate an 
individual’s overall risk. For albuminuria, eGFR, and 
HbA1c concentration, estimates from Sweden and 
Denmark were pooled by use of inverse-variance 
weighting; blood pressure, BMI, and smoking were 
analysed in Sweden only.

We then constructed a cohort of cases and their 
matched controls, followed from the index date to death, 
emigration, or end of study period. We described 
mortality using Kaplan–Meier curves. Among patients 
alive and not emigrated at 365 days after the index date, 
glucose-lowering therapy was described at index date and 
day 365.

377 331 SGLT2 inhibitor treatment episodes from 330 338 patients with type 2  
diabetes aged ≥18 years in Sweden, Denmark, and Norway

54 734 treatment episodes were excluded
4461 due to chronic kidney disease without diabetes

22 263 due to heart failure without diabetes
31 145 due to type 1 diabetes

322 597 SGLT2 inhibitor treatment episodes, including 1452 ketoacidosis cases 
from 282 282 patients included in the cohort study of ketoacidosis 
incidence

24 treatment episodes with a ketoacidosis event excluded 
due to previous ketoacidosis during SGLT2 inhibitor
treatment or due to not being matched

306 912 treatment episodes without ketoacidosis events excluded 
due to not being matched

1428 patients with ketoacidosis during SGLT2 inhibitor treatment and 14 233 
control SGLT2 inhibitor treatment episodes without ketoacidosis matched 
based on sex, age, calendar time, region of birth, and time since initiation 
of SGLT2 inhibitor treatment  included in the nested case–control analyses 
and in the assessment of mortality after ketoacidosis

586 patients with ketoacidosis and 6322 SGLT2 inhibitor 
treatment episodes without ketoacidosis excluded due 
to death, emigration, or end of study period before 
365 days after the index date

842 patients with ketoacidosis during SGLT2 inhibitor treatment and 7911 
SGLT2 inhibitor treatment episodes without ketoacidosis included in the 
assessment of changes in glucose-lowering drugs after ketoacidosis

Figure 1: Flow chart for study population
Treatment episodes could be excluded for more than one reason.
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Sensitivity analyses estimated incidence by use of a 
30-day grace period, and incidence and risk factor 
associations by use of only the first treatment episode.

Additional analyses used two strategies to explore 
whether associations for risk factors and precipitating 
or co-occurring events differed among patients with 
type 2 diabetes not using SGLT2 inhibitors (rationale 
provided in the appendix pp 3-4). First, we applied the 
same inclusion and exclusion criteria as in the main 
analyses to a cohort of dipeptidyl peptidase-4 (DPP-4) 
inhibitor users, with additional exclusion of patients 
with a filled SGLT2 inhibitor prescription in the 
preceding 365 days and censoring at SGLT2 inhibitor 
initiation. DPP-4 inhibitors are not known to increase 
ketoacidosis risk and were predominantly used as 
second-line or third-line therapies during the study 
period. These analyses provided a broad comparison of 
the direction and magnitude of associations among 

N

Number of treatment episodes 322 597

Number of patients 282 282

Sociodemographic characteristics n (%)

Women 116 521 (36·1%)

Men 206 076 (63·9%)

Mean (SD) age, years 63·1 (11·9)

Age group, years

18 to <40 10 939 (3·4%)

40 to <50 33 316 (10·3%)

50 to <60 79 013 (24·5%)

60 to <70 100 075 (31·0%)

70 to <80 79 121 (24·5%)

≥80 20 133 (6·2%)

Place of birth

Scandinavia 257 535 (79·8%)

Rest of Europe 21 715 (6·7%)

Outside Europe 43 347 (13·4%)

Education*

Primary school–high school 182 730 (77·4%)

Vocational–short term tertiary 18 325 (7·8%)

Medium or long 28 843 (12·2%)

Missing 6052 (2·6%)

Income*

Highest quartile 58 953 (25·0%)

Middle quartiles 118 089 (50·0%)

Lowest quartile 58 908 (25·0%)

Living with partner 178 333 (55·3%)

Not living with partner 144 264 (44·7%)

Medical history

Ischaemic heart disease and coronary 
revascularisation

66 742 (20·7%)

Ischaemic stroke 15 022 (4·7%)

Intracranial bleeding 2133 (0·7%)

Lower limb amputation 20 131 (6·2%)

Atrial fibrillation 31 941 (9·9%)

Heart failure 25 075 (7·8%)

Chronic kidney disease 14 377 (4·5%)

End-stage kidney disease, dialysis, or renal 
transplantation

898 (0·3%)

Dementia 2779 (0·9%)

Cancer (excluding non-melanoma skin cancer) 27 558 (8·5%)

Liver disease 8553 (2·7%)

Pancreatitis or major pancreatic disease 5248 (1·6%)

Chronic obstructive pulmonary disease and 
interstitial lung disease

15 680 (4·9%)

Previous ketoacidosis 1407 (0·4%)

Malnutrition 1350 (0·4%)

Bariatric surgery 1611 (0·5%)

Schizophrenia and other psychotic disorders 4298 (1·3%)

Affective disorders 16 137 (5·0%)

Drug misuse 3524 (1·1%)

Alcohol misuse 9851 (3·1%)

(Table continues in next column)

N

(Continued from previous column)

Time since initiation of pharmacological diabetes treatment, years

0 to <1 39 052 (12·1%)

1 to <7 117 159 (36·3%)

≥7 166 386 (51·6%)

Episode of hypoglycaemia in last 365 days 478 (0·1%)

Ongoing medications

No other diabetes drug 28 331 (8·8%)

GLP-1 receptor agonist 55 566 (17·2%)

Metformin 270 691 (83·9%)

Sulfonylureas 50 788 (15·7%)

DPP-4 inhibitors 97 614 (30·3%)

Insulin 60 003 (18·6%)

Other antidiabetics (glitazones, glinides, and 
acarbose)

9211 (2·9%)

Renin–angiotensin–aldosterone system 
inhibitors†

205 828 (63·8%)

β blockers 115 623 (35·8%)

Antipsychotic treatment 11 560 (3·6%)

Digoxin 6351 (2·0%)

Diuretics 68 591 (21·3%)

Non-steroidal anti-inflammatory drugs 45 534 (14·1%)

Antidepressants 44 949 (13·9%)

Systemic glucocorticoid treatment 18 070 (5·6%)

Chemotherapy–cytostatic treatment 6969 (2·2%)

SGLT2 inhibitor at start of follow-up

Dapagliflozin 105 215 (32·6%)

Canagliflozin 4336 (1·3%)

Empagliflozin 212 151 (65·8%)

Ertugliflozin 895 (0·3%)

Data are n, n (%), or mean (SD). DPP-4=dipeptidyl peptidase-4. *Data from 
Sweden and Denmark; denominator is 235 950. †ACE inhibitors–angiotensin II 
receptor blockers. 

Table: Baseline characteristics of SGLT2 inhibitor users Based on 
treatment episodes 
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patients with type 2 diabetes not using SGLT2 
inhibitors.

Second, we used an active comparator new user design 
with propensity score weighting to estimate the effect of 
SGLT2 inhibitor versus GLP-1 receptor agonist use on 
ketoacidosis risk. Effect modification was assessed by use 
of interaction terms between SGLT2 inhibitor use and 
each risk factor assessed at treatment initiation. These 
analyses, which are described in detail in the appendix 
(pp 3–5), were done to assess whether risk factors 
modified the association between SGLT2 inhibitor use 
and ketoacidosis risk. SAS software version 9.4 was used 
for the analyses.

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report.

Results
The study period was Jan 1, 2013, to Dec 31, 2021, in 
Denmark and Sweden, and Jan 1, 2013, to Dec 31, 2022, 
in Norway. We identified 322 597 treatment episodes of 
SGLT2 inhibitor use among 282 282 patients (figure 1). 
Mean (SD) age at cohort entry was 63 (12) years and 
116 521 (36·1%) of 322 597 were women (table).

During a median (IQR) follow-up of 1·3 (0·7–2·8) 
years, 1452 ketoacidosis events occurred (incidence rate 
2·43 events [95% CI 2·31–2·56] per 1000 person-years); 
figure 2 shows the cumulative incidence curve and 
incidence by country is shown in the appendix (p 17). 
Risk persisted throughout follow-up, although it was 
highest during the first 180 days of treatment. Incidence 
rate ratios for subsequent periods versus the first 
ranged from 0·51 to 0·71 (median 0·64; appendix 
pp 18, 27).

The nested case–control analyses included 1428 patients 
with ketoacidosis and 14 233 control treatment episodes 
matched on age, sex, region of birth, calendar time, and 
time since SGLT2 inhibitor initiation (figure 1).

Several socioeconomic factors and comorbidities were 
associated with ketoacidosis risk (figure 3). The strongest 
associations were observed for malnutrition (OR 10·54, 
95% CI 7·32–15·18), previous ketoacidosis (OR 10·40 
7·09–15·24), hypoglycaemia within 365 days (OR 5·22, 
2·60–10·49), end-stage kidney disease (OR 4·91, 
2·69–8·96), alcohol misuse (OR 4·11, 3·35–5·05) and 
pancreatitis or major pancreatic disease (OR 3·93, 
3·09–5·01).

In Swedish and Danish data, higher HbA1c was 
associated with increased risk (eg, OR for ≥83 
vs ≤52 mmol/mol 15·37, 95% CI 11·50–20·53), with a 
stepwise increase across categories (figure 4). BMI 
<20 kg/m² vs BMI 20 to <25 kg/m² (OR 9·98, 95% CI 
5·68–17·53) and eGFR of less than 30 mL/min per 1·73 m² 
versus ≥90 mL/min per 1·73 m² (OR 2·67, 95% CI 
1·43–4·98) were also associated with higher risk (figure 4). 

Among significant comorbidity risk factors, the highest 
prevalence in cases was observed for time since initiation 
of pharmacological diabetes treatment of at least 7 years 
(1030 [72·1%] of 1428) and HbA1c≥83 mmol/mol (310 
[31·7%] of 979), followed by 73–82 mmol/mol (176 [18·0%] 
of 979), 63–72 mmol/mol (202 [20·6%] of 979) and 
53–62 mmol/mol (192 [19·6%] of 979).

Ongoing medication use variables associated with 
increased risk included antipsychotics (OR 2·31, 95% CI 
1·89–2·84), SGLT2 inhibitor monotherapy (OR 2·21, 
1·39–3·51), insulin (OR 1·71, 1·50–1·94), sulfonylureas 
(OR 1·47, 1·26–1·72), antidepressants (OR 1·41, 
1·22–1·62), systemic glucocorticoids (OR 1·37, 1·10–1·71), 
and GLP-1 receptor agonists (OR 1·25, 1·09–1·43; 
appendix p 28).

Several transient exposures representing precipitating 
or co-occurring events were associated with increased 
ketoacidosis risk, although the CIs were wide for less 
frequent exposures (figure 5). The strongest associations 
were observed for alcohol intoxication (25 [1·8%] of 1428 
among cases vs five [<0·1%] of 14 233 among controls, 
OR 50·00, 95% CI 19·14–130·61), acute renal events 
(31 [2·2%] of 1428 vs nine [0·1%] of 14 233, OR 34·44, 
16·40–72·35), acute abdomen (80 [5·6%] of 1428 
vs 29 [0·2%] of 14 233, OR 32·11, 20·33–50·71), stroke 
(21 [1·5%] of 1428 vs nine [0·1%] of 14 233, OR 23·33, 
10·69–50·95), and major surgery (19 [1·3%] of 1428 
vs 13 [0·1%] of 14 233, OR 14·40, 7·11–29·17). The most 
common precipitating or co-occurring factor was any 
infection (454 [31·8%] of 1428 vs 862 [6·1%] of 14 233, 
OR 7·60, 6·62–8·71). However, associations for some 
transient exposures, particularly those that might not 
themselves lead to health-care contact, such as alcohol 
intoxication, might have been overestimated because of 
under-registration among controls not in contact with 
the health-care system (appendix p 25).

Among SGLT2 inhibitor users with ketoacidosis, 
274 deaths occurred during a median (IQR) follow-up 
time of 1·4 (0·4–2·9) years. Mortality was highest shortly 
after ketoacidosis, exceeding 10% within the first weeks 
(appendix p 29).

Figure 2: Cumulative incidence of ketoacidosis among users of SGLT2 inhibitors
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Analyses of treatment changes included 842 patients 
with ketoacidosis and 7911 treatment episodes without 
ketoacidosis among those remaining in the cohort at 
365 days after the index date. At 365 days after the 
ketoacidosis event, SGLT2 inhibitor use had declined 
from 842 (100%) of 842 to 211 [25·1%] of 842 and 
insulin use increased from 269 [31·9%] of 842 to 615 

[73·0%] of 842. GLP-1 receptor agonist use increased 
slightly (220 [26·1%] of 842 vs 263 [31·2%] of 842), 
whereas use of other drugs decreased: metformin (661 
[78·5%] of 842 to 482 [57·2%] of 842), DPP-4 inhibitors 
(278 [33·0%] of 842 to 172 [20·4%] of 842), and 
sulfonylureas (151 [17·9%] of 842 to 42 [5·0%] of 842); 
appendix p 30).

Figure 3: Association of socioeconomic characteristics and medical history with risk of ketoacidosis among users of SGLT2 inhibitors and DPP-4 inhibitors in the nested case–control analysis
DPP-4=dipeptidyl peptidase-4. COPD=chronic obstructive pulmonary disease. *Time since initiation of pharmacological diabetes treatment. 
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The incidence rate of ketoacidosis was 2·37 events 
(95% CI 2·24–2·50) per 1000 person-years when 
including only the first treatment episode, and 2·57 
(95% CI 2·44–2·71) when using a 30-day grace period. 
Associations between risk factors and ketoacidosis were 
largely similar when analyses were restricted to the first 
treatment episode (results not shown).

Analyses among DPP-4 inhibitor users included 
666 patients with ketoacidosis and 6620 control episodes 
(appendix p 31). Associations for risk factors and 
precipitating or co-occurring events were similar to 

those observed for SGLT2 inhibitors, with no apparent 
differences in direction or magnitude (figures 3–5, 
appendix p 28).

Analyses of effect modification by risk factor included 
222 917 new users of SGLT2 inhibitors and 178 054 new 
users of GLP-1 receptor agonists (appendix p 32). Patient 
characteristics were well balanced after propensity score 
weighting (appendix pp 19–20). SGLT2 inhibitor use was 
associated with an increased ketoacidosis risk (weighted 
hazard ratio [HR] 2·11, 95% CI 1·77–2·53). Significant 
effect modification towards a larger HR was observed for 

Figure 4: Association of blood pressure, BMI, smoking, HbA1c, albuminuria, and estimated glomerular filtration rate with risk of ketoacidosis among users of SGLT2 inhibitors and DPP-4 
inhibitors in Sweden and Denmark
The number of patients was approximated separately for each country by multiplying the pooled proportion from the ten imputed datasets by the total number of patients in the corresponding 
group. Numbers might not sum to the totals because patient counts were rounded down to whole numbers at each stage of the calculation. DPP-4=dipeptidyl peptidase-4. *Analyses using multiple 
imputation. †Only available in Sweden (n=617 cases and n=6153 controls for analyses of SGLT2 inhibitors; n=376 and n=3750 controls for analyses of DPP-4 inhibitors). ‡Normotension: systolic blood 
pressure (SBP) <140 mm Hg and diastolic blood pressure (DBP) <90 mm Hg; stage 1 hypertension: SBP ≥140 to <160 mm Hg or DBP: ≥90 to <100 mm Hg; stage 2 hypertension: SBP ≥160 mm Hg or 
DBP: ≥100 mm Hg. §Available in Sweden and Denmark and numbers presented as a pooled analysis, with the odds ratio estimated using inverse-variance weighted meta-analysis (n=979 cases and 
n=9759 controls for analyses of SGLT2 inhibitors; n=515 and n=5128 controls for analyses of DPP-4 inhibitors).
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younger age, Scandinavian origin, pancreatitis or major 
pancreatic disease, SGLT2 inhibitor monotherapy, and 
current smoking, and towards a smaller HR for 
metformin use and heart failure (appendix pp 21–24). 
However, power to detect effect modification varied 
considerably across risk factors.

Discussion
In this register-based study of over 280 000 patients with 
type 2 diabetes receiving SGLT2 inhibitors and over 
1400 ketoacidosis events, the incidence of ketoacidosis 
was 2·43 per 1000 person-years. Although highest 
shortly after treatment initiation, the risk persisted 
throughout follow-up. Strong associations with 
ketoacidosis were observed for high HbA1c (Swedish and 
Danish data), malnutrition, previous ketoacidosis, low 
BMI (Swedish data), and recent hypoglycaemia, with 
longer time since initiation of pharmacological diabetes 
therapy and high HbA1c being the most common risk 
factors. Among precipitating or co-occurring events, 
infection was the most common, whereas the strongest 
associations were observed for alcohol intoxication, 
acute renal events, acute abdomen, and stroke. After the 
ketoacidosis event, mortality was high, although not 
fully attributable to ketoacidosis given the presence of 
concurrent acute conditions. Although many patients 
switched to insulin therapy, one in four patients 
continued using SGLT2 inhibitors. Our findings might 
inform risk–benefit assessments, identify those at high 

risk of ketoacidosis, and potentially support safer use of 
SGLT2 inhibitors.

Cardiovascular outcome trials of SGLT2 inhibitors in 
type 2 diabetes have typically reported ketoacidosis rates 
below one event per 1000 person-years,1,2,6 although 
comparisons are limited by differing case definitions.8 
These trials were done in populations not representative 
of routine clinical practice and many excluded individuals 
with poor glycaemic control or previous ketoacidosis. 
In our study of a broad type 2 diabetes population, 
the incidence of ketoacidosis was 2·43 events per 
1000 person-years. Assuming a two to three-times 
increase in risk with SGLT2 inhibitor treatment,1 this 
corresponds to an absolute risk increase of approximately 
0·12% to 0·16% (number needed to harm 625–833) 
per year.

Population-based studies with controlled risk factor 
analyses are scarce.13,17 A Chinese single centre study 
assessed risk factors in 137 patients with ketoacidosis 
during dapagliflozin treatment but used hospitalised 
controls with dapagliflozin, a study design that introduces 
collider bias. A large US insurance claims-based study 
found that risk factors for ketoacidosis with 
SGLT2 inhibitors were insulin use, dementia medi
cation use, previous ketoacidosis, digoxin use, recent 
hypoglycaemia, previous intracranial haemorrhage, and 
higher baseline HbA1c, creatinine, and serum bicarbonate 
concentrations. The study was limited by the maximum 
follow-up time of 1 year (mean 180 days) and the 
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Figure 5: Association of potential precipitating and co-occurring events with ketoacidosis risk among users of SGLT2 inhibitors and DPP-4 inhibitors in the nested case–control analysis
All transient exposures potentially representing co-occurring or precipitating events within 30 days of index date or on the index date. DPP-4=dipeptidyl peptidase-4. *The index date is not included in 
the exposure definition. Cells with fewer than five individuals are not shown.
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measurement of risk factors at treatment initiation and 
not at the time of the ketoacidosis event.13 This is 
important because, although risk in our study was 
modestly higher during the first 180 days, it was not 
confined to this period and persisted throughout follow-
up. Risk factors should therefore be assessed not only at 
treatment initiation, but throughout treatment.

We assessed risk factor status at the time of the 
ketoacidosis event and included transient exposures. As 
multiple risk factors and precipitating or co-occurring 
events were examined, some observed associations 
could have arisen by chance. We found that a BMI of 
less than 20 kg/m² (Swedish data only), insulin use, 
a history of malnutrition, and pancreatic disease were 
associated with increased risk, which suggested higher 
susceptibility among patients with type 2 diabetes 
whose phenotype tends towards that of type 1 diabetes. 
This aligns with the higher risks of ketoacidosis 
observed in type 1 diabetes trials of SGLT2 inhibitors.18 
Moreover, in case series from canagliflozin trials in 
type 2 diabetes, some patients with ketoacidosis were 
reclassified as having type 1 diabetes or latent auto
immune diabetes in adults (LADA).2 Similarly, in an 
Australian single centre study, 11 of 51 patients 
hospitalised with ketoacidosis during SGLT2 inhibitor 
treatment were reclassified from type 2 diabetes to 
type 1 diabetes or LADA.19

Among patient characteristics and comorbidities, the 
strongest associations (OR point estimates of around 10) 
were observed for malnutrition, previous ketoacidosis, 
low BMI, and recent hypoglycaemia, although each was 
present in less than 10% of cases. A stronger association 
was observed for HbA1c of at least 83 mmol/mol 
(vs ≤52 mmol/mol; OR 15·37), with a prevalence of 32% 
among cases in Sweden and Denmark. Risk increased 
stepwise with HbA1c concentrations, which indicated 
poor glucose control as a key risk factor in both 
magnitude and prevalence.

High HbA1c and hypoglycaemia might also reflect 
glycaemic variability, frailty, or suboptimal compliance to 
medications and lifestyle optimisation. Consistent with 
this, increased risk was also observed for alcohol 
and drug misuse, schizophrenia, antipsychotic treat
ments, dementia, and previous intracranial bleeding 
(which was also observed in the US claims-based study13), 
as well as the weaker associations found for several other 
comorbidities. Although the risk was lower among those 
with eGFR of 60 mL/min per 1·73 m² to less than 
90 mL/min per 1·73 m² versus 90 mL/min per 1·73 m² 
and higher, the increased risk among those with eGFR of 
less than 30 mL/min per 1·73 m² and with end-stage 
kidney disease might partly reflect reduced renal 
clearance of ketones and metabolic acidosis, which 
lower the threshold for ketoacidosis. Moreover, those 
patients might have longer diabetes duration and 
greater challenges in glucose management, although 
reduced renal clearance might also preserve insulin 

concentrations and protect against ketoacidosis. This 
aligns with higher incidence observed in clinical trials 
including patients with type 2 diabetes and chronic 
kidney disease.3,7

Some associations were statistically significant but 
small and of little clinical relevance. For example, 
although case reports have linked GLP-1 receptor 
agonists to ketoacidosis,20 the OR for ongoing GLP-1 
receptor agonist use was 1·25 (95% CI 1·09–1·43), with 
this point estimate being slightly lower than that for 
systemic glucocorticoid treatment and antidepressants. 
Although diuretics were linked to a higher risk of 
ketoacidosis in the US insurance claims study,12 we found 
a negative association.

Previous studies on precipitating or co-occurring 
events for ketoacidosis in type 2 diabetes predominantly 
comprise smaller samples of patients hospitalised with 
ketoacidosis and lacked a control group.14,17,19 We found 
infection to be the most common co-occurring event, 
whereas the strongest associations were observed for 
alcohol intoxication, acute renal events, stroke, and 
acute abdomen (ORs of around 20–50) and major 
surgery (OR 14), with each being present in under 
6% of cases. These findings support increased risk 
during acute illness or stress14 and reinforce 
recommendations to pause SGLT2 inhibitor treatment 
in such situations.

Assuming a two to three-times increase in risk,1 only 
around half to two-thirds of ketoacidosis events during 
treatment are attributable to SGLT2 inhibitors. Our 
exploratory analyses of risk factors and precipitating or 
co-occurring events among DPP-4 inhibitor users 
generally showed associations of similar direction and 
magnitude to those observed among SGLT2 inhibitor 
users. In the propensity score-adjusted active comparator  
new user analyses versus GLP-1 receptor agonists, risk 
was approximately doubled among SGLT2 inhibitor 
users. Although there were larger relative risk increases 
for some variables (eg, younger age, Scandinavian origin, 
and SGLT2 inhibitor monotherapy), these analyses 
should be interpreted cautiously given the risk of chance 
findings and the low power to detect effect modification 
for some risk factors. Taken together, the findings 
suggest that SGLT2 inhibitors might not primarily 
increase ketoacidosis risk through drug-specific risk 
factors or precipitating events, nor by substantially 
amplifying the relative effect of most established risk 
factors. Rather, SGLT2 inhibitor use might increase 
overall susceptibility to ketoacidosis, such that the same 
risk factors and precipitating events translate into a 
greater absolute risk increase. Accordingly, some risk 
factors identified in our study, such as previous 
ketoacidosis, markers of poor glucose control and 
psychiatric conditions, have previously been established 
in type 2 diabetes without SGLT2 inhibition.14,21

Mortality reached 10% in the first weeks after 
ketoacidosis. The high mortality should not be fully 



Articles

www.thelancet.com/diabetes-endocrinology   Published online September 1, 2026   https://doi.org/10.1016/S2213-8587(26)00162-210

attributed to the ketoacidosis because analyses were 
descriptive and unadjusted for acute illnesses and 
comorbidities associated with ketoacidosis. Previous 
studies on ketoacidosis in type 2 diabetes have reported 
mortality of 1–7·5%, although they have mostly assessed 
short-term or in-hospital mortality.14,19,22–24

Our study has limitations. Although the national 
patient and cause of death registers in Scandinavia have 
high validity25–27 and diagnostic codes for ketoacidosis as 
assessed in other populations have high specificity 
(92–99·6%),28,29 and positive predictive value (67–89%),28,30 
findings might be affected by outcome and comorbidity 
misclassification. Because ketoacidosis is a recognised 
adverse event, physicians might have a lower threshold 
to suspect and investigate ketoacidosis, which could 
reduce underdiagnosis in SGLT2 inhibitor users. 
Conversely, underdiagnosis might be more common 
among users of DPP-4 inhibitors and GLP-1 receptor 
agonists; however, if the misclassification is non-
differential with respect to the investigated risk factors, 
the relative associations are unlikely to be affected. Some 
potential risk factors might be incompletely registered 
or not possible to assess in these register data (eg, fasting, 
specific diets, non-adherence to insulin and other drugs, 
and infections not captured by ICD-10 codes or 
prescription drug use). In analyses of transient 
exposures, the temporal ordering of exposure and 
ketoacidosis could not be established, as granular time-
stamped data were not available in the registers. 
However, these exposures were defined within a short 
window before, or on, the index date and are therefore 
likely, in most cases, to reflect events occurring before 
ketoacidosis. Moreover, ORs in these analyses, 
particularly for milder exposures and for alcohol 
intoxication, might have been overestimated because of 
under-registration among controls not in contact with 
the health-care system. A discussion of the probable 
temporal ordering of exposures and the potential for 
bias due to under-registration among controls is 
provided in the appendix (p 25). Exposure to SGLT2 
inhibitors was defined by use of filled prescriptions; 
information about adherence was not available. We 
could not assess whether patient instructions to pause 
the drug during acute illness or before surgery had been 
given and to what extent such instructions were followed. 
Data on clinical presentation (including ketone 
concentrations, acid–base parameters, and the 
occurrence of euglycaemic ketoacidosis),31 as well as 
amount of care and treatment received, were not 
available. The findings might not be fully generalisable 
to countries outside of Scandinavia.

In conclusion, findings from this study indicate 
that risk of ketoacidosis varies greatly by patient 
characteristics. As risk is not confined to shortly after 
treatment initiation, it should be considered throughout 
treatment, and patients should be instructed to pause 
therapy during acute illness and stress.
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ADDITONAL METHODS 
 
 
Data sources 
 
We utilized data on dispensed prescriptions from the national prescription registers in Sweden1, 

Norway2 and Denmark3. These registers contain individual-level information on all prescription 

medications collected at pharmacies across each country, with data available from July 2005 in 

Sweden, from 1995 in Denmark, and from January 2004 in Norway. The registers include details 

on the Anatomical Therapeutic Chemical (ATC) classification of the prescribed drug, the 

dispensed quantity, and the date of prescription fulfillment. 

 

The national patient registers provide individual-level information on outpatient visits, 

emergency department visits, and hospital admissions.4–7 To determine patients' medical history 

at cohort entry and to identify outcome events during the study period, we used physician-

assigned procedure codes and diagnostic codes based on the tenth revision of the International 

Classification of Diseases (ICD-10). Outcome events were furthermore ascertained through each 

country’s Cause of Death Register, which provides detailed information on both the date of death 

and the certified underlying cause.8–10 Each country’s population register was used to obtain 

demographic information, including age, sex, country of birth, migration status, and vital status 

for the included patients. Additionally, data on educational attainment and marital status were 

retrieved from Statistics Denmark and Statistics Sweden.11–13 

 

The Swedish National Diabetes Register contains information on risk factors among individuals 

with type 1 or type 2 diabetes. These data are collected by trained healthcare professionals 

during patient visits to outpatient and primary care clinics nationwide. The number of 

registered patients has increased over time, and currently, the register covers more than 90% of 

all individuals receiving pharmacological treatment for diabetes in Sweden. From this register, 

we extracted data on glycated hemoglobin (HbA1c), blood pressure, albuminuria, estimated 

glomerular filtration rate (eGFR), body mass index (BMI), and smoking status for patients 

residing in Sweden.14 Laboratory test results were also obtained from the Danish National 

Laboratory Database, which contains nationwide information on routine biochemical analyses 

performed in Denmark.15 

 
 

Selection of potential risk factors and precipitating events 

 

Variables evaluated as potential risk factors for ketoacidosis in the nested case–control analysis 

were selected a priori based on evidence from previous studies of ketoacidosis risk16–23, 

published case reports and case series of SGLT2 inhibitor–associated ketoacidosis24–31, 

mechanistic plausibility18,20,32, and key clinical and socioeconomic characteristics commonly 

used to describe populations with type 2 diabetes. The rationale for inclusion of each variable is 

detailed in Supplementary Table 4. 
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General risk factors for ketoacidosis during SGLT2 inhibitor treatment and assessment of 
effect modification of the SGLT2 inhibitor-associated risk increase: two complementary 
approaches 
 

General risk factors for ketoacidosis during SGLT2 inhibitor use 
 
A risk factor is a patient characteristic which is associated with the outcome. Risk factors can be 
both modifiable (e.g., smoking, BMI) and non-modifiable (e.g., age, ethnicity). Some risk factors 
can be causally associated with the outcome while others are not.  
 
Analyses of risk factors identify patients with increased risk of the outcome. Risk factors can be 
used as an indicator of the absolute risk increase or reduction conferred by the treatment, for 
deciding how to monitor a patient and, if modifiable and causal, as treatment targets to reduce 
risk. 
 
For example, the risk of ketoacidosis may be 0.1% per year for a certain patient. Assuming a 
doubled risk with SGLT2 inhibitors, the absolute risk increase conferred by treatment is 0.1% 
(number needed to harm (NNH) 1000). Another patient may have a risk factor that is associated 
with a 15-times increased risk. This increases their baseline risk to 1.5% per year. If this patient 
is treated with an SGLT2 inhibitor the risk goes up to 3% (absolute risk increase 1.5%; NNH 67 
per year). For such a patient physicians will carefully consider the risks and benefits of the 
treatment, and if deciding to treat they may spend additional time on instructing the patient to 
be attentive to symptoms of ketoacidosis and to pause treatment during physiological stress. 
 
Risk factor studies can be conducted using data from both treated and untreated patients. 
Studies on risk factors for cardiovascular events typically include both untreated patients and 
those receiving risk reducing therapies such as lipid or blood pressure lowering drugs33,34 while 
risk factors of bleeding during antiplatelet therapy or anticoagulation are assessed in treated 
patients35–37, which is important for including the clinically relevant population. In our main 
analyses, we used data from patients treated with SGLT2 inhibitors. 
 
Assessment of effect modification of the SGLT2 inhibitor-associated risk increase 
 
Another approach to studying ketoacidosis risk is to assess whether the increase in risk 
associated with SGLT2 inhibitor use differs according to risk factor status. Such analyses address 
a different research question from the main risk factor analyses. Rather than identifying which 
patients treated with SGLT2 inhibitors are at increased risk of ketoacidosis, they assess whether 
the relative risk increase associated with SGLT2 inhibitor use is amplified or attenuated in 
specific patient subgroups (ie, effect modification). 
 
Such analyses may provide insight into mechanisms underlying SGLT2 inhibitor-associated 
ketoacidosis and are clinically relevant because effect modification influences the absolute risk 
increase associated with treatment38. For example, if SGLT2 inhibitors confer a larger relative 
risk increase among patients with a particular characteristic, the absolute risk increase 
associated with treatment will also be greater in that subgroup. 
 
This was the rationale for our additional analyses using an active-comparator new-user design 
to assess effect modification of the association between SGLT2 inhibitor use and ketoacidosis 
risk by risk factor status. Because interaction is symmetric, these analyses can equivalently be 
interpreted as assessing whether associations between risk factors and ketoacidosis differ 
according to SGLT2 inhibitor use. These analyses therefore complement the main risk factor 
analyses by addressing a distinct but related research question. 
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The table below, summarizes the different research questions and clinical implications of the 
two approaches. 
 
 

Study Research question Clinical implication Study design 

Assessment of general risk 

factors for ketoacidosis in a 

population treated with 

SGLT2 inhibitors. 

Which patients have an 

increased risk of 

ketoacidosis during SGLT2 

inhibitor treatment? 

Patients at higher baseline 

risk are likely to experience 

a larger absolute risk 

increase associated with 

SGLT2 inhibitor treatment, 

informing treatment 

decisions, monitoring, and 

patient counselling. 

Assessment of ketoacidosis 

risk factors during SGLT2 

inhibitor treatment. 

Assessment of effect 

modification of the SGLT2 

inhibitor-associated risk 

increase 

Does the relative increase 

in ketoacidosis risk 

associated with SGLT2 

inhibitor use differ 

according to risk factor 

status? Equivalently, do 

associations between risk 

factors and ketoacidosis 

differ according to SGLT2 

inhibitor use? 

If the relative risk increase 

associated with SGLT2 

inhibitors is amplified or 

attenuated in certain patient 

subgroups, this will affect 

the absolute risk increase 

associated with treatment 

and may inform treatment 

decisions. 

Comparative study of 

SGLT2 inhibitors versus a 

comparator drug with 

assessment of interaction 

between SGLT2 inhibitor 

use and potential risk 

factors. 

 

 
 
Analyses using an active comparator new user design to assess effect modification by risk 
factor status 
 
These analyses aimed to emulate a hypothetical randomised controlled trial and assess whether 
the relative increase in ketoacidosis risk associated with SGLT2 inhibitors, compared with GLP-1 
receptor agonists, differed according to baseline risk factor status. To this end, we used an 
active-comparator new-user design with propensity score weighting. GLP-1 receptor agonists 
were chosen as the comparator because they are not known to increase ketoacidosis risk and 
because their clinical use, including patient characteristics and temporal prescribing patterns, 
more closely resembles that of SGLT2 inhibitors than do those of other glucose-lowering 
drugs39. The use of GLP-1 receptor agonists as the active comparator may therefore reduce the 
risk of confounding by indication. 
 
All patients initiating an SGLT2 inhibitor or a GLP-1 receptor agonist during the study period 
were eligible. Exclusion criteria are shown in supplementary table 6. 
 

Propensity scores for initiation of an SGLT2 inhibitor versus a GLP-1 receptor agonist were 
estimated in each country separately using variables of sociodemographic characteristics, 
medical history, and prescription drug use (supplementary table 4). We excluded patients 
outside of the common range of the propensity score (trimming) and then re-estimated the 
propensity score. Analyses were performed in pooled data from the three countries, using 
standardized mortality ratio (SMR) weighting, with weights truncated at the 99th percentile of 
the weight distribution. 
 
We used Cox regression with time since treatment initiation as the time scale to estimate the 
weighted hazard ratio for ketoacidosis among SGLT2 inhibitor versus GLP-1 receptor agonist 
users. Patients were considered as exposed as long as prescriptions were refilled before the end 
of the previous prescription, including a 180-day grace period. Patients were followed from 
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treatment initiation to emigration, death, treatment discontinuation, initiation of the other study 
drug (GLP-1 receptor agonists among SGLT2 inhibitor users and vice versa), ketoacidosis event 
or end of study period.  
 
To assess effect modification by risk factor status, we used an interaction term between SGLT2 
inhibitor use and each risk factor assessed at treatment initiation. We then performed stratified 
analyses by categories of each investigated risk factor; we re-estimated the propensity score and 
performed weighting in each subgroup. A p-value of less than 0.05 for the interaction term was 
considered statistically significant. 
 
To assess effect modification by HbA1c, albuminuria and eGFR (Sweden and Denmark), and BMI, 
smoking, and blood pressure (Sweden), analyses were conducted using expanded propensity 
scores including those variables in Sweden and Denmark, respectively. 
 
It should be noted that the same interaction term is used to assess whether the association 
between SGLT2 inhibitor use and ketoacidosis risk differs according to risk factor status and 
whether the association between the risk factor and ketoacidosis risk differs according to SGLT2 
inhibitor use. Consequently, evidence of effect modification can be interpreted from either 
perspective. 

  



6 

 

Supplementary Table 1 ATC-codes for SGLT2, DPP4 inhibitors and GLP-1 receptor agonists 
and estimated days of supply. 
 

 ATC codes Estimated days of supply. All units are days per 
tablet 

SGLT2 
inhibitors 

A10BK01 
A10BK02  
A10BK03  
A10BK04 
A10BD15 
A10BD16  
A10BD19 
A10BD20  
A10BD21  
A10BD23  
A10BD24  
A10BD25 

A10BK01 = 1.0 
A10BK02 = 1.0 
A10BK03 = 1.0 
A10BK04 = 1.0 
A10BD15 = 0.5 
A10BD16 = 0.5 
A10BD19 = 1.0 
A10BD20 = 0.5 
A10BD21 = 1.0 
A10BD23 = 0.5 
A10BD24 = 1.0 
A10BD25 = 0.5 

DPP4 
inhibitors 

A10BH01 
A10BH02 
A10BH03 
A10BH04 
A10BH05 
A10BD07 
A10BD08 
A10BD09 
A10BD10 
A10BD11 
A10BD13 

A10BH01=1,0 
A10BH02=0,5 
A10BH03=1,0 
A10BH04=1,0 
A10BH05=1,0 
A10BD07=0,5 
A10BD08=0,5 
A10BD09=1,0 
A10BD10=0,5 
A10BD11=0,5 
A10BD13=0,5 

GLP-1 
receptor 
agonists 

A10BJ01, A10BJ02 (not 
including saxenda -
product no. 131577, 
395175, 164108, 439932 
and 575140 in Denmark 
and Norway, 034982 in 
Norway and  
513490, 141823, 
439932, 026334 or 
471462 in Sweden), 
A10BJ03, A10BJ05, 
A10BJ06, A10AE54, 
A10AE56 

Sweden 
A10BJ01; 5 or 10 microgram = 0.5 per dose 
A10BJ01; 2 mg = 7.0 per dose 
A10BJ02 = 5.0 per ml  
A10BJ03 = 1.0 per dose 
A10BJ05 = 7.0 per dose 
A10BJ06 = 7.0 per dose  
A10AE54 = 2.5 per ml 
A10AE56 = 3.0 per ml 
 
Denmark 
A10BJ01; 5 or 10 microgram = 0.5 per dose 
A10BJ01; 2 mg = 7.0 per dose 
A10BJ02 = 15.0 per pen  
A10BJ03 = 14.0 per pen 
A10BJ05 = 7.0 per dose 
A10BJ06 = 28.0 per pen 
A10AE54 = 2.5 per ml 
A10AE56 = not available 
 
Norway 
A10BJ01; 5 or 10 microgram = 0.5 per dose 
A10BJ01; 2 mg = 7.0 per pen 
A10BJ02 = 5.0 per ml 
A10BJ03 = 1.0 per dose 
A10BJ05 = 7.0 per pen 
A10BJ06 = 7.0 per dose 
A10AE54 = 2.5 per ml 
A10AE56 = 3.0 per ml 
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Supplementary Table 2 Exclusion criteria. 
 

 
 
*As some patients with diabetes and chronic kidney disease or heart failure may have received 
SGLT2 inhibitors as their first glucose-lowering treatment, we assessed the impact of this 
exclusion criterion in Sweden by estimating ketoacidosis incidence in analyses that omitted the 
exclusion criterion and instead supplemented the eligibility criteria with a diagnosis of type 2 
diabetes in the National Diabetes Register. We also assessed the proportion of patients with 
chronic kidney disease or heart failure and no previous glucose-lowering drug use who had a 
diagnosis of type 2 diabetes registered in the National Diabetes Register.  
 
The incidence of ketoacidosis among SGLT2 inhibitor users in Sweden was 25.5 per 1000 
person-years in the main analysis and 25.1 per 1000 person-years in the sensitivity analysis. Of 
those with chronic kidney disease or heart failure and no previous glucose-lowering drug use, 
2009/155830 (1.3%) had a type 2 diabetes diagnosis.  

Exclusion criterion ICD code/ATC code Register/type of health care 
contact 

Chronic kidney disease at any 
time before index date and no 
filled prescription of diabetes 
drug in the last 180 days 

ICD-10: I120, I131, I132, N18, 
N19 
 
ATC: A10 (none)  

Patient register, any position, 
any type of hospital contact; 
prescribed drug register 

Chronic heart failure at any 
time before index date and no 
filled prescription of diabetes 
drug in the last 180 days* 

ICD-10: I110, I130, I132, I42, 
I43, I50, J81 
 
ATC: A10 (none) 

Patient register, any position, 
any type of hospital contact; 
prescribed drug register 

Type 1 diabetes diagnosis at 
any time before index date and 
≥1 filled prescription for 
insulin during the last 365 
days. 

ICD-10: E10 
 
ATC: A10AA, A10AB, A10AC, 
A10AD, A10AE, A10AF 

Patient register, any position, 
any type of hospital contact 
 
Prescribed drug register: filled 
prescription within last 365 
days from index date. 
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Supplementary Table 3. ICD-10 codes used to define ketoacidosis in the patient registers and 
the cause of death registers. 
 

 Sweden Denmark Norway 
Ketoacidosis 
Patient register (any 
position, any type of 
healthcare visit) and 
Cause of death 
register (underlying 
or contributing cause 
of death in the) 

E100A, E101, E101A, 
E110A, E111, E111A, 
E121, E131, E141 

E101, E111, E121, 
E131, E141 

Same as Denmark 

 
 
The diagnostic criteria used in the Scandinavian countries followed international consensus32 
and were a metabolic acidosis (pH <7.3) and ketonemia (blood ketones ≥ 3.0 mmol/L) in a 
patient with known or suspected diabetes, with increased awareness of euglycemic ketoacidosis 
following the introduction of SGLT2 inhibitors.  
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Supplementary Table 4 Variables for population characteristics and for assessment as 
potential risk factors. 
 
 

Sociodemographic 
characteristics 

ICD/categories 
Rationale for 
inclusion in risk 
factor analysis 

Sex Women, men Matching variable. 

Age ≤39, 40-49, 50-59, 60-69, 70-79, ≥80 years Matching variable. 

Place of birth Scandinavia; Rest of Europe; Outside Europe Matching variable. 

Educationa 

(analyses only for 
Sweden and Denmark) 

Primary school and high school; vocational or short-term 
tertiary education; medium or long tertiary education 

Sociodemographic 
characteristics. 

Incomea 

(analyses only for 
Sweden and Denmark) 

Income levels were categorized into quartiles within each 
age group as specified above. For example, if a patient is 50 
years old, the patient is categorized to high income if they 
are in the 4th quartile of income among the ages 50-59. 
 
Highest quartile – 4th quartile 
Middle quartiles – 2nd and 3rd quartile 
Lowest quartile – 1st  quartile 

Sociodemographic 
characteristics. 

Living with partner Yes; no 
Sociodemographic 
characteristics. 

Medical history  
(10-year look-back 
unless otherwise 
specified), including the 
index date. 

ICD-10 code and procedure code (Patient register, any 
position, any type of health care contact unless otherwise 
specified) 

 

Ischemic heart 
disease and 
coronary 
revascularization 

ICD-10: I20-I25; procedure FNA, FNB, FNC, FND, FNE, FNG, 
FNP02, FNP12, FNQ05, FNQ12, FNR22 

Key type 2 diabetes 
comorbidity. 

Ischemic stroke ICD-10: I63, I64, I69.3  
Key type 2 diabetes 
comorbidity. 

Intracranial bleeding ICD-10: I60, I61, I62 

Prior evidence.16 Key 
type 2 diabetes 
comorbidity. Frailty 
marker. 

Arterial disease 
(including lower limb 
amputation) 

ICD-10: I65, I70, I72, I73, I74, I77, K550, K551, E115, E135, 
E145; procedure code: NFQ, NGQ, NHQ 

Key type 2 diabetes 
comorbidity. 

Atrial fibrillation ICD-10: I48 
Key type 2 diabetes 
comorbidity. 

Heart failure ICD-10: I110, I130, I132, I50 
Key type 2 diabetes 
comorbidity. 

Chronic kidney 
disease 

ICD-10: 
E112, E132, E142, I120, I131, I132, N18, N19 Z49, Z940, 
Z992; procedure code: KAS, DR012, DR013, DR014, DR015, 
DR016, DR023, DR024, DR055, DR056, DR060, DR061 
 
Additional procedure codes: 
Sweden: DR012, DR013, DR014, DR015, DR016, DR023, 
DR024, DR055, DR056, DR060, DR061 
 
Denmark: (B)JFD, (B)JFZ 

Key type 2 diabetes 
comorbidity. Prior 
evidence.40–42 
Mechanistic 
plausibility. 
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Norway: A0093, A0094, JAGD30, JAGD31, JAGD32, JAGD50, 
JAK10, PHGX00, PHGX05, RXGD05, RXGD20, RXGD25, 
TJA33 

End-stage kidney 
disease, dialysis or 
renal 
transplantation 

ICD-10: Z49, Z940, Z992; procedure code: KAS, DR012, 
DR013, DR014, DR015, DR016, DR023, DR024, DR055, 
DR056, DR060, DR061 
 
Additional procedure codes: 
Sweden: DR012, DR013, DR014, DR015, DR016, DR023, 
DR024, DR055, DR056, DR060, DR061 
 
Denmark: (B)JFD, (B)JFZ 
 
Norway: A0093, A0094, JAGD30, JAGD31, JAGD32, JAGD50, 
JAK10, PHGX00, PHGX05, RXGD05, RXGD20, RXGD25, 
TJA33 

Key type 2 diabetes 
comorbidity. Prior 
evidence.40 Frailty 
marker. 

Dementia 
ICD-10: F00, F01, F02, F03, F051, G231, G232, G233, G30 
ATC: N06D 

Prior evidence.16 
Frailty marker. 
Mechanistic 
plausibility. 

Cancer (excl non-
melanoma skin 
cancer) 

ICD-10: C00-C43, C45-C97 Key clinical 
characteristics. 

Liver disease ICD-10: B15-B19, K70-K77, C22 
Key type 2 diabetes 
comorbidity. 

Pancreatitis or major 
pancreatic disease 

ICD-10: K85, C25, K86.0, K86.1 

Procedure: JLC, JLE 
ATC: A09AA02 

Mechanistic 
plausibility. 

COPD and interstitial 
lung disease 

ICD-10: J44, J80, J82, J84 
Key clinical 
characteristic. 

Previous 
ketoacidosis  
(not including the index 
date) 

Sweden: ICD-10: E100A, E101, E101A, E110A, E111, E111A, 
E121, E131, E141 
Denmark and Norway: ICD-10: E101, E111, E121, E131, 
E141 

Prior evidence.16,32,40 

Malnutrition ICD-10: E40-E46, R64 

 
 

Mechanistic 
plausibility. 

Bariatric surgery 
Procedure code: JDF10, JDF11, JDF21, JDF00, JDF01, JDF40, 
JDF41, JDF50, JDF51 

Mechanistic 
plausibility. Risk 
factor for variable 
glucose levels. 

Schizophrenia and 
other psychotic 
disorders 

ICD-10: F20-F29 
Prior evidence.43 

Affective disorders ICD-10: F30-F39 
Prior evidence.43 

Drug misuse  ICD-10: F11-F16, F18, F19, R78.1-R78.5a T40a  

ATC: N07BC 

Prior evidence.32,44 
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Alcohol misuse F10 
ATC: N07BB 

Prior evidence.32,44 

Time since initiation 
of pharmacological 
diabetes treatment 

A10; 
<1 year, ≥1 to <7 years, ≥7 years. 

Key clinical 
characteristic. 

Episode of 
hypoglycemia within 
last 365 days 

 ICD-10: E160, E161, E162 
Prior evidence. 16,45 

Mechanistic 
plausibility. 

Ongoing 
medications  
(filled prescription/ 
diagnosis in the last 180 
days before the index 
date or on the index date) 

ATC code 

 

No diabetes drug Not any A10 
Key clinical 
characteristics. 

GLP-1 receptor 
agonist 

A10BJ01, A10BJ02, A10AE56, A10BJ03, A10AE54, A10BJ04; 
A10BJ05, A10BJ06, A10BJ07 

Prior evidence.46,47 
Mechanistic 
plausibility. Key 
clinical 
characteristics. 

Metformin 

A10BA02, A10BD02, A10BD03, A10BD05, A10BD07, 
A10BD08, A10BD10, A10BD11, A10BD13, A10BD14, 
A10BD15, A10BD16, A10BD17, A10BD18, A10BD20, 
A10BD22, A10BD23, A10BD25, A10BD26, A10BD27 

Prior evidence. 26    

Key clinical 
characteristics. 

Sulfonylureas A10BB, A10BD01, A10BD02, A10BD04, A10BD06 

Key clinical 
characteristics. 
Mechanistic 
plausibility. 

DPP4 inhibitors 
A10BH, A10BD07, A10BD08, A10BD09, A10BD10, 
A10BD11, A10BD12, A10BD13, A10BD18, A10BD19, 
A10BD21, A10BD22, A10BD24, A10BD25, A10BD27 

Key clinical 
characteristics. 

Insulin A10AA, A10AB, A10AC, A10AD, A10AE, A10AF 

Prior evidence.16,32,48 
Mechanistic 
plausibility. Key 
clinical 
characteristics. 

Other antidiabetics 
(glitazones, glinides, 
acarbose) 

A10BF, A10BG, A10BD03, A10BD04, A10BD05, A10BD06, 
A10BD09, A10BD12, A10BD14, A10BD17, A10BD26, A10BX 

Key clinical 
characteristics. 

RAAS inhibitors* C09A, C09B, C09C, C09D 
Key clinical 
characteristics. 

Beta-blockers C07 
Key clinical 
characteristics. 

Antipsychotic 
treatment 

N05A 
Prior evidence.48,49 

Digoxin C01AA05 Prior evidence.16 

Diuretics  C03A, C03B, C03C, C03D, C03EB, C03EA Prior evidence.16 

NSAID M01A Key clinical 
characteristics. 

Antidepressants N06A Prior evidence.43 
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Systemic 
glucocorticoid 
treatment 

ATC: H02AB 
Mechanistic 
plausibility. 

Chemotherapy/ 
cytostatic treatment 

Sweden 
ICD-10: Z51.1, Z51.2  
Procedure code: DT107, DT108, DT112, DT116, DT135a 

 
Denmark 
Procedure code: (B)WHA (B)OHJ3, (B)JHE12, (B)LHM3, 
EUYR6530 

Sweden, Denmark and Norway 
ATC: L01, L04A 

Mechanistic 
plausibility. 

Transient 
exposures and 
potential 
precipitating 
events** 
(within 30 days of the 
index date or on the 
index date) 

ICD-10/ATC-code 

 

Any infection 

ICD-10:  
 
A00–B99, D73.3, E32.1, G00–G07, H00.0, H44.0, H60.0a, 
H60.1a, H60.2a, H60.3a, H66a, H67a, H70a, I30.1, I40.0, (J00–
J019)a, J20–J22, J32a, J34.0a, J36a, J39.0, J39.1, J44.0a, J85a, 
J86a, K04.4a, K04.6a, K04.7a, K11.3a, K12.2a, K14.0a,  
 
K57.0, K57.2, K57.4, K57.8, K61, K63.0, L00–L08, L30.3a, 
M00a, M01a, M46.2, M46.3, M46.4, M60.0, M65.0, M71.0, 
M71.1, M72.6, M86, N10–N12, N13.6, N15.1, N15.9, N30.0, 
N30.8, N34.0, N39.0, N41.2, N43.1a, N45, N61, N70–N74, 
N75.1a, U07.1a  

A02.1, A20.7, A22.7, A24.1, A26.7, A28.2, A32.7, A39.1, 
A39.2, A39.3, A39.4, A40, A41, A42.7, A48.3, A54.8, B00.7, 
B37.7, R65.0a, R65.1a, R57.2  

Any type of healthcare visit, any position 

ATC: J01 (J01B and J01G not in available in Norway), J02 
(J02AA, J02AX not available in Norway), J04a, J05, J06a 

Prior 
evidence.21,28,30,32 

Serious infection 
ICD-10: As in “Any infection” above. 

Hospital admission, primary position 

Prior 
evidence.21,28,30,32 

Antibiotic/antiviral 
prescription drug 
use 

ATC: As in “Any infection” above. 
Prior 
evidence.21,28,30,32 

Myocardial 
infarction 

ICD-10: I21-I22 

Hospital admission, primary position 

Mechanistic 
plausibility. 

Stroke (ischemic or 
hemorrhagic) 

ICD-10: I61-I68  
Hospital admission, primary position 

Mechanistic 
plausibility. 
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Acute renal event 
E112, E132, E142, I120, I131, I132, N17, N18, N19 
Hospital admission, primary position 

Prior evidence.16,27 
Mechanistic 
plausibility. 

Liver cirrhosis and 
liver 
decompensation 
events 

K72.0, K72.1, K72.9, K74.6, K76.6, K76.7, I85.0, I85.9 
 
Hospital admission, primary position 
 

Mechanistic 
plausibility. 

Heart failure 
hospitalization 

I110, I130, I132, I50, J81 
Hospital admission, primary position 

Mechanistic 
plausibility. 

Gout 

ICD-10: M10  
 
Any type of healthcare visit, any position 
ATC: M04AC01, M01AE 

Mechanistic 
plausibility. 

Acute abdomen 
ICD-10: R100a, K35, K36, K37 K42.0a, K42.1a, K56, K57, 
K63.1, K65.0, K80.0, K80.1, K80.3, K80.4, K81.0, K81.8, 
K81.9, K82.2, K83.0, K83.2, K85 

Mechanistic 
plausibility. 

Major surgery a 
(analyses only for 
Sweden and Denmark) 

Procedure code 
 
Cardiac surgery:  
FKD00, FMD00, FMD10, FNA00, FNA20, FNC10, FNC30, 
FNC40, FNC50, FNE96, FNG96,  
FXB96 (only DEN)  
 
Thoracic surgery:  
GAB10, GAB13, GAC50 (only DEN), GDB11, GDC00, JCC10 
 
Central and peripheral vascular surgeries:  
PAF21, PBH10, PDF30, PDG10, PDG24, PDH24, PEG10, 
PEH10 (only in DEN), PEH20 (only in DEN), PEH30 (only in 
DEN), PFH22, PFH26, PFH27, PFH99, VCF33 (only in SWE 
from Jan 1th 2022), VEJ33 (only in SWE from Jan 1th 2022), 
VHF11 (only in SWE from Jan 1th 2022), VBJ34 (only in 
SWE from Jan 1th 2022), VBJ35 (only in SWE from Jan 1th, 
2022) 
  

Laparatomies:  
JAH00, JAL30, JDA00, JDB00, JDE00, JEA10, JFB00, JFB60, 
JFC00, JFC30, JFF10, JFF13, JFF23, JFF27, JFG00, JFG10, 
JFH10, JFK10, JFL10, JGB00, JGB10, JGB20, JGB30, JJB00, 
JKA20, JKA21, JWD00, JWW96, KAC00, KAC20, KBA10 (only 
in DEN), KBJ10, KBJ60, KCA00, KCC10, KCD10, KKB10, 
LAE10, LAF00, LBE00, LCC10, LCD00, LCD11 

 
Major fracture surgeries:  
NAG30, NAG42, NBJ51 (only in DEN), NBJ71 (only in DEN), 
NBJ81 (only in DEN), NFJ61, NFJ80, NFJ82, NFJ83, NFJ84, 
NFJ85, NGJ22, NGJ40, NGJ53, NHJ40, NHJ60, NHJ62, NHJ63, 
NHJ70, NHJ71, NHJ72, NHJ77, NAG39 (only in SWE), NAG49 

(only in SWE), NFJ69 (only in SWE), NFJ89 (only in SWE), 
NGJ29 (only in SWE), NGJ49 (only in SWE), NGJ59 (only in 
SWE) 
 

Knee and hip replacement surgeries:  
NFB30, NFB40, NFC01, NFC12, NFC20, NFC21, NFC40, 

Prior evidence.22,31,32 

Mechanistic 
plausibility. 
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NGB13, NGB20, NGB30, NGB40, NGC13, NGC21 (only in 
DEN), NGC43 

NFB49 (only in SWE), NFB29 (only in SWE), NFC19 (only in 
SWE), NGB13 (only in SWE), NGB49 (only in SWE), NGB29 

(only in SWE), NGB39 (only in SWE), NGC53 (only in SWE) 
 

Alcohol intoxication  
ICD:10: F100, F101, F103, F104, F105, F106, F108, F109 
 
Any healthcare contact, any position 

Prior evidence.32,44 

Drug misuse 
ICD-10: F11-F16, F18, F19, R78.1-R78.5a T40a 
 
Any healthcare contact, any position 

Prior evidence.32,44 

Any hospitalization 
(not including the index 
date) 

 
 

Any outpatient visit 
(not including the index 
date) 

 
 

a Not available in Norway 
* ACE inhibitors/Angiotensin II receptor blockers 
** Only used in risk factor analyses for ketoacidosis events. 
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Supplementary Table 5. Variables from the Swedish National Diabetes Register and the Danish 
Register of Laboratory Results used in analyses of potential ketoacidosis risk factors. 
 
 

 Categorization Proportion missing in 

treatment episodes 

included in the nested 

case-control analysis 

Blood pressure Normotension: SBP <140 mmHg AND DBP <90 mmHg 

Stage 1 hypertension: SBP ≥140 to <160 mmHg or DBP: ≥90 to 

<100mmHg 

Stage 2 hypertension: SBP ≥160 mmHg or DBP:  ≥100 mmHg 

Denmark: Variable not 

available. 

Sweden: 22.8% 

HbA1c ≤52 mmol/mol 

53-62 mmol/mol 

63-72 mmol/mol 

73-82 mmol/mol 

≥83 mmol/mol 

Denmark: 10.5% 

Sweden: 19.7% 

Body mass index <20 kg/m2 

≥20 to <25 kg/m2 

≥25 to <30 kg/m2 

≥30 to <35 kg/m2 

≥35 kg/m2 

Denmark: Variable not 

available. 

Sweden: 28.2% 

Albuminuria Normalbuminuria 

Mikroalbuminuria 

Makroalbuminuria 

Denmark: 34.4% 

Sweden: 37.7% 

eGFR ≥90 

60-89 

30-59 

≤29 

Denmark: 10.6% 

Sweden: 26.3% 

Smoking Current smoker 

Not current smoker 

Denmark: Variable not 

available. 

Sweden: 28.7% 

A 365-day look-back from the index date (ketoacidosis event for cases and matching date for controls) was applied for all 

variables using the latest available value. 
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Supplementary Table 6 Exclusion criteria in the active comparator new user analyses 
comparing ketoacidosis risk among SGLT2 inhibitor versus GLP-1 receptor agonist users. 
 

 
Abbreviations: ICD, International Classification of Diseases; ATC, Anatomical Therapeutic Chemical 
a 10-year lookback. 
b Not available in the Norwegian dataset.  
c Anytime defined as ever during time period drug has been available. 
  

Category Codes (ICD-10, procedure, or 
ATC) 

Register, type of 
healthcare contact 

Chronic kidney disease at any 
time before index date and no 
filled prescription of diabetes 
drug in the last 180 days 

I120, I131, I132, N18, N19 
 
ATC: A10 (none) 
 

Patient register, any position, 
any type of hospital contact; 
prescribed drug register 

Chronic heart failure at any 
time before index date and no 
filled prescription of diabetes 
drug in the last 180 days 

ICD-10: I110, I130, I132, I42, 
I43, I50, J81 
 
ATC: A10 (none) 

Patient register, any position, 
any type of hospital contact; 
prescribed drug register 

Type 1 diabetes diagnosis at 
any time before index date 
and ≥1 filled prescription for 
insulin during the last 365 
days. 

ICD-10: E10 
 
ATC: A10AA, A10AB, A10AC, 
A10AD, A10AE, A10AF 

Patient register, any position, 
any type of hospital contact 
 
Prescribed drug register: 
filled prescription within last 
365 days from index date. 

Initiation of both study drugs 
on the same day 

n.a.  

End stage illness (severe 
malnutrition, cachexia, 
dementia, coma) at any time 
before index datea 

ICD-10: E40-E43,  F00-F03, G30, 
R40.2b, R64 
ATC:  N06D 

Patient register, any position, 
any type of hospital contact; 
prescribed drug register 

No specialist care contact or 
prescription drug in last year 
prior to the index date 

n.a.  

Dialysis or renal 
transplantation at any time 
before index datea  

ICD-10: Z49, Z94.0, Z99.2 
Procedure: KAS 
 
Additional procedure codes: 
Sweden: DR012, DR013, DR014, 
DR015, DR016, DR023, DR024, 
DR055, DR056, DR060, DR061 
Denmark: (B)JFD, (B)JFZ 
Norway: A0093, A0094, JAGD30, 
JAGD31, JAGD32, JAGD50, 
JAK10, PHGX00, PHGX05, 
RXGD05, RXGD20, RXGD25, 
TJA33 

Patient register, any position, 
any type of hospital contact 

Liraglutide with obesity 
indication (Saxenda) at any 
time before index datec  
 

A10BJ02 with product number 
131577, 395175 164108, 
439932 or 575140 in Denmark 
and Norway, 034982 in Norway 
and 513490, 141823, 439932, 
026334 or 471462 in Sweden. 

Prescribed drug register 
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Supplementary Table 7 Incidence rates of ketoacidosis by country. 
 

Country N treatment 
episodes 

N events (%) Incidence rate (95% 
CI) per 1000 person-
years 

Sweden 142,905 619 (0.4) 2.55 (2.36-2.76) 
Denmark 93,045 365 (0.4) 2.17 (1.96-2.40) 
Norway 86,647 468 (0.5) 2.52 (2.30-2.76) 
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Supplementary Table 8 Incidence rate ratios for each 180-day interval after treatment 
initiation with SGLT2 inhibitors estimated using a Poisson model. 
 
 

Time since initiation 
of SGLT2 inhibitor 
treatment, days 

Incidence rate ratio 

0 to <180 1.00 (reference) 
180 to <360 0.58 (0.50-0.68) 
360 to <540 0.57 (0.48-0.68) 
540 to <720 0.51 (0.42-0.63) 
720 to <900 0.64 (0.52-0.78) 
900 to <1080 0.57 (0.45-0.72) 
1080 to <1260 0.66 (0.52-0.84) 
1260 to <1440 0.71 (0.54-0.92) 
1440 to <1620 0.70 (0.52-0.94) 
≥1620 0.71 (0.51-0.99) 
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Supplementary Table 9 Characteristics of SGLT2 inhibitor users and GLP-1 receptor agonist 
users before and after propensity score weighting and trimming in the active comparator new 
user analysis. 
 
 

 
Before weighting and 

trimming, n (%) 
After weighting and 

trimming, % 

 
SGLT2 

inhibitors 
(n=222962) 

GLP-1 
receptor 
agonists 

(n=178120) 

SGLT2 
inhibitors 

GLP-1 
receptor 
agonists 

Sociodemographic characteristics     

Women 79383 (35.6) 89077 (50.0) 35.6 34.4 

Men 143579 (64.4) 89043 (50.0) 64.4 65.6 

Mean (SD) age 63.8 (11.9) 57.6 (13.6) 63.8  (11.9) 63.9 (13.4) 

Age group, years     

18 to <40 6877 (3.1) 19296 (10.8) 3.1 2.9 

40 to <50 21560 (9.7) 29698 (16.7) 9.7 9.2 

50 to <60 51780 (23.2) 49340 (27.7) 23.2 22.7 

60 to <70 69191 (31.0) 45237 (25.4) 31.0 31.1 

70 to <80 57948 (26.0) 28425 (16.0) 26.0 26.6 

≥80 15606 (7.0) 6124 (3.4) 7.0 7.5 

Place of birth     

Scandinavia 178624 (80.1) 151570 (85.1) 80.1 80.4 

Rest of Europe 14822 (6.6) 9180 (5.2) 6.6 6.6 

Outside Europe 29516 (13.2) 17370 (9.8) 13.2 13.0 

Education     

Primary school/high school 125000 (77.2) 85933 (75.1) 77.2 77.6 

Vocational/short term tertiary 12785 (7.9) 9388 (8.2) 7.9 7.7 

Medium or long 19849 (12.3) 16630 (14.5) 12.3 12.0 

Missing 4235 (2.6) 2422 (2.1) 2.6 2.7 

Income     

Highest quartile 39733 (24.5) 29318 (25.6) 24.5 24.3 

Middle quartiles 80802 (49.9) 57363 (50.2) 49.9 50.1 

Lowest quartile 41334 (25.5) 27692 (24.2) 25.5 25.6 

Living with partner 124645 (55.9) 92356 (51.9) 55.9 55.8 

Not living with partner 98317 (44.1) 85764 (48.1) 44.1 44.2 

Medical history     

Ischemic heart disease and coronary revascularization 47117 (21.1) 21482 (12.1) 21.1 21.9 

Ischemic stroke 10458 (4.7) 5705 (3.2) 4.7 4.9 

Intracranial bleeding 1542 (0.7) 891 (0.5) 0.7 0.7 

Lower limb amputation 12942 (5.8) 7953 (4.5) 5.8 6.1 

Atrial fibrillation 23036 (10.3) 11784 (6.6) 10.3 11.0 

Heart failure 17372 (7.8) 7443 (4.2) 7.8 8.2 

Chronic kidney disease 7292 (3.3) 7483 (4.2) 3.3 3.6 

Cancer (excl non-melanoma skin cancer) 19878 (8.9) 12848 (7.2) 8.9 9.3 

Liver disease 5491 (2.5) 4908 (2.8) 2.5 2.6 

Pancreatitis or major pancreatic disease 3686 (1.7) 2076 (1.2) 1.7 1.8 

COPD and interstitial lung disease 10792 (4.8) 7674 (4.3) 4.8 5.1 

Previous ketoacidosis 689 (0.3) 686 (0.4) 0.3 0.3 

Malnutrition 702 (0.3) 494 (0.3) 0.3 0.4 
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Bariatric surgery 788 (0.4) 1866 (1.0) 0.4 0.3 

Schizophrenia and other psychotic disorders 2905 (1.3) 2649 (1.5) 1.3 1.3 

Affective disorders 10057 (4.5) 13198 (7.4) 4.5 4.5 

Drug misuse 2254 (1.0) 2754 (1.5) 1.0 1.0 

Alcohol misuse 6678 (3.0) 6643 (3.7) 3.0 3.0 

Time since initiation of pharmacological diabetes 
treatment, years 

    

0 to <1 36138 (16.2) 59836 (33.6) 16.2 14.6 

1 to <7 87601 (39.3) 57234 (32.1) 39.3 40.0 

≥7 99223 (44.5) 61050 (34.3) 44.5 45.4 

Episode of hypoglycemia in last 365 days 291 (0.1) 444 (0.2) 0.1 0.1 

Ongoing medications     

No other diabetes drug 19787 (8.9) 49769 (27.9) 8.9 7.6 

Metformin 191054 (85.7) 114537 (64.3) 85.7 86.7 

Sulfonylureas 36263 (16.3) 21641 (12.1) 16.3 16.9 

DPP4 inhibitors 74445 (33.4) 42111 (23.6) 33.4 35.7 

Insulin 27475 (12.3) 36684 (20.6) 12.3 12.7 

Other antidiabetics (glitazones, glinides, acarbose) 6067 (2.7) 3884 (2.2) 2.7 2.7 

RAAS inhibitors* 141966 (63.7) 94194 (52.9) 63.7 64.8 

Beta-blockers 81388 (36.5) 47612 (26.7) 36.5 37.5 

Antipsychotic treatment 7568 (3.4) 8091 (4.5) 3.4 3.5 

Digoxin 4628 (2.1) 2200 (1.2) 2.1 2.2 

Diuretics 47074 (21.1) 34397 (19.3) 21.1 21.7 

NSAID 30555 (13.7) 34630 (19.4) 13.7 13.6 

Antidepressants 29210 (13.1) 30781 (17.3) 13.1 13.3 

Systemic glucocorticoid treatment 13062 (5.9) 11052 (6.2) 5.9 6.1 

Chemotherapy/cytostatic treatment 4659 (2.1) 4090 (2.3) 2.1 2.1 
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Supplemental Table 10 Association of SGLT2 inhibitor versus GLP-1 receptor agonist use with ketoacidosis risk in analyses using an active 
comparator new user design to assess effect modification by risk factor status. 
 

 SGLT2 inhibitorsa GLP-1 receptor agonistsa 
   

 n n events (%) 
n events per 

1000 person-
years 

n n events (%) 
n events per 

1000 person-
years 

Weighted incidence 
rate difference (95% 

CI) b 

Weighted hazard 
ratio (95% CI) 

p for 
interaction 

Total population 222,917 829 (0.4) 2.2 178,054 273 (0.2) 1.0 1.16 (0.98; 1.34) 2.11 (1.77-2.53) - 

Sociodemographic characteristics          

Sex          

 79,332 314 (0.4) 2.5 88,968 116 (0.1) 0.9 1.40 (1.08; 1.72) 2.31 (1.77-3.02) 
0.36 

 143,505 515 (0.4) 2.1 89,002 157 (0.2) 1.1 1.03 (0.80; 1.25) 1.98 (1.59-2.47) 

Age group, years          

18 to <40 6,848 39 (0.6) 3.7 19,120 26 (0.1) 1.3 2.04 (0.63; 3.46) 2.24 (1.18-4.24) 

0.003c 

40 to <50 21,527 95 (0.4) 2.5 29,618 28 (0.1) 0.7 1.56 (0.98; 2.15) 2.74 (1.60-4.68) 

50 to <60 51,752 173 (0.3) 1.8 49,304 60 (0.1) 0.8 1.00 (0.67; 1.33) 2.22 (1.57-3.14) 

60 to <70 69,172 240 (0.3) 1.9 45,201 69 (0.2) 0.9 1.16 (0.88; 1.45) 2.55 (1.82-3.56) 

70 to <80 57,891 204 (0.4) 2.3 28,412 61 (0.2) 1.3 1.14 (0.76; 1.52) 1.96 (1.41-2.74) 

≥80 15,540 77 (0.5) 4.3 6,109 29 (0.5) 3.4 1.21 (-0.02; 2.44) 1.34 (0.84-2.15) 

Place of birth          

Scandinavia 178,575 717 (0.4) 2.4 151,494 226 (0.1) 0.9 1.39 (1.19; 1.60) 2.44 (2.03-2.94) 

0.004 Rest of Europe 14,790 34 (0.2) 1.5 9,069 15 (0.2) 1.1 -0.00 (-0.70; 0.70) 1.02 (0.51-2.03) 

Outside Europe 29,456 78 (0.3) 1.6 17,348 32 (0.2) 1.4 0.17 (-0.34; 0.68) 1.13 (0.67-1.90) 

Education          

Primary school/high school 124,961 429 (0.3) 2.2 85,919 161 (0.2) 1.1 1.16 (0.91; 1.41) 2.09 (1.68-2.60) 

0.69 
Vocational/short term tertiary 12,769 53 (0.4) 2.6 9,370 19 (0.2) 1.2 1.58 (0.75; 2.42) 2.42 (1.29-4.53) 

Medium or long 19,814 49 (0.2) 1.6 16,606 14 (0.1) 0.5 0.99 (0.48; 1.51) 2.60 (1.30-5.19) 

Missing 4,202 19 (0.5) 3.1 2,401 10 (0.4) 2.8 0.58 (-1.26; 2.43) 1.29 (0.54-3.11) 

Income          

Highest quartile 39,710 117 (0.3) 1.9 29,291 32 (0.1) 0.7 1.28 (0.88; 1.68) 2.92 (1.85-4.60) 
0.09 

Middle quartiles 80,779 274 (0.3) 2.2 57,348 107 (0.2) 1.1 1.19 (0.88; 1.49) 2.16 (1.66-2.82) 
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Lowest quartile 41,297 160 (0.4) 2.4 27,668 66 (0.2) 1.3 0.91 (0.45; 1.38) 1.59 (1.10-2.30) 

Living with partner          

Yes 124,594 333 (0.3) 1.6 92,274 112 (0.1) 0.8 0.80 (0.59; 1.00) 2.06 (1.57-2.70) 
0.96 

No 98,274 496 (0.5) 3.1 85,671 161 (0.2) 1.3 1.58 (1.25; 1.91) 2.05 (1.63-2.57) 

Medical historyd          

Ischemic heart disease and coronary 
revascularization 

47,028 158 (0.3) 2.1 21,456 34 (0.2) 0.9 1.15 (0.76; 1.53) 2.25 (1.45-3.48) 0.91 

Ischemic stroke 10,384 42 (0.4) 2.6 5,651 13 (0.2) 1.4 1.08 (0.08; 2.07) 1.65 (0.82-3.33) 0.72 

Intracranial bleeding 1,476 13 (0.9) 5.6 846 0 (0.0) 0.0 - - - 

Arterial disease  12,912 67 (0.5) 3.3 7,900 19 (0.2) 1.4 1.83 (0.88; 2.77) 2.21 (1.14-4.29) 0.82 

Atrial fibrillation 22,960 82 (0.4) 2.5 11,742 26 (0.2) 1.3 1.27 (0.62; 1.92) 1.98 (1.22-3.24) 0.17 

Heart failure 16,999 63 (0.4) 2.7 7,428 28 (0.4) 2.1 0.91 (0.07; 1.74) 1.40 (0.82-2.39) 0.03 

Chronic kidney disease 7,255 33 (0.5) 3.6 7,445 23 (0.3) 1.7 1.28 (-0.19; 2.76) 1.47 (0.76-2.86) 0.10 

Cancer 19,810 74 (0.4) 2.5 12,736 22 (0.2) 1.1 1.60 (0.94; 2.25) 2.76 (1.58-4.84) 0.40 

Liver disease 5,456 32 (0.6) 3.8 4,839 17 (0.4) 2.3 1.58 (-0.06; 3.22) 1.75 (0.85-3.61) 0.69 

Pancreatitis or major pancreatic disease 3,623 38 (1.0) 6.8 2,045 8 (0.4) 2.7 4.82 (2.36; 7.27) 3.45 (1.49-8.03) 0.03 

COPD and interstitial lung disease 10,718 43 (0.4) 2.7 7,640 12 (0.2) 1.0 1.94 (1.02; 2.86) 3.33 (1.61-6.91) 0.07 

Previous ketoacidosis 648 25 (3.9) 26.3 641 21 (3.3) 19.7 8.16 (-4.92; 21.23) 1.37 (0.72-2.60) 0.12 

Malnutrition 927 7 (0.8) 4.9 715 10 (1.4) 9.3 -8.05 (-15.08; -1.02) 0.38 (0.11-1.36) 0.11 

Bariatric surgery 735 6 (0.8) 4.8 1,532 <5 e e 5.30 (0.84-33.54) 0.21 

Schizophrenia and other psychotic disorders 2,840 24 (0.8) 5.0 2,595 7 (0.3) 1.8 3.31 (0.95; 5.67) 2.93 (1.15-7.48) 0.08 

Affective disorders 10,040 64 (0.6) 3.9 13,094 29 (0.2) 1.6 2.47 (1.33; 3.60) 2.67 (1.53-4.66) 0.26 

Drug misuse  2,205 27 (1.2) 8.1 2,664 12 (0.5) 3.2 5.03 (1.46; 8.61) 2.65 (1.14-6.13) 0.12 

Alcohol misuse 6,645 78 (1.2) 7.5 6,546 27 (0.4) 2.9 4.04 (2.03; 6.05) 2.15 (1.29-3.59) 0.80 

Time since initiation of pharmacological diabetes 
treatment, years 

         

0 to <1 36,113 88 (0.2) 1.7 59,655 33 (0.1) 0.5 0.83 (0.40; 1.25) 2.06 (1.07-3.97) 

0.89c 1 to <7 87,560 232 (0.3) 1.5 57,183 85 (0.1) 0.8 0.72 (0.48; 0.97) 1.90 (1.41-2.57) 

≥7 99,166 509 (0.5) 3.0 61,030 155 (0.3) 1.4 1.69 (1.38; 2.00) 2.29 (1.84-2.85) 

Episode of hypoglycemia within last 365 days 227 <5 - 245 <5 - 8.60 (-2.58; 19.79) 7.78 (0.79-76.83) 0.45 

Ongoing medicationsd          

No diabetes drug 19,517 63 (0.3) 2.4 49,557 19 (0.0) 0.4 1.49 (0.79; 2.20) 2.61 (1.20-5.69) 0.02 
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Metformin 190,982 714 (0.4) 2.2 114,510 218 (0.2) 1.1 1.08 (0.89; 1.28) 2.00 (1.67-2.40) 0.04 

Sulfonylureas 36,230 226 (0.6) 3.1 21,600 56 (0.3) 1.2 1.81 (1.32; 2.30) 2.37 (1.68-3.34) 0.66 

DPP4 inhibitors 74,385 339 (0.5) 2.4 42,083 89 (0.2) 1.1 1.28 (0.97; 1.59) 2.15 (1.66-2.78) 0.65 

Insulin 27,462 176 (0.6) 3.8 36,650 130 (0.4) 1.8 2.02 (1.35; 2.69) 2.04 (1.59-2.60) 0.45 

Other antidiabetics 6,003 21 (0.3) 1.9 3,796 6 (0.2) 0.8 1.32 (0.36; 2.27) 3.17 (1.08-9.32) 0.16 

RAAS inhibitionf 141,903 415 (0.3) 1.7 94,159 147 (0.2) 0.9 0.88 (0.68; 1.08) 2.02 (1.61-2.54) 0.61 

Beta-blockers 81,326 279 (0.3) 2.1 47,564 98 (0.2) 1.2 1.03 (0.73; 1.33) 1.94 (1.46-2.57) 0.20 

Antipsychotic treatment 7,529 67 (0.9) 5.2 8,021 27 (0.3) 2.3 3.30 (1.83; 4.76) 2.71 (1.54-4.77) 0.28 

Digoxin 4,541 11 (0.2) 1.6 2,177 <5 - e 1.09 (0.28-4.20) 0.20 

Diuretics  47,012 153 (0.3) 2.2 34,349 80 (0.2) 1.3 0.99 (0.56; 1.41) 1.77 (1.27-2.45) 0.07 

NSAID 30,535 89 (0.3) 1.7 34,547 29 (0.1) 0.6 1.10 (0.71; 1.50) 3.01 (1.74-5.22) 0.09 

Antidepressants 29,177 146 (0.5) 3.1 30,689 58 (0.2) 1.2 1.64 (1.04; 2.25) 2.11 (1.44-3.09) 0.83 

Systemic glucocorticoid treatment 13,028 46 (0.4) 2.3 10,968 21 (0.2) 1.3 0.98 (0.14; 1.83) 1.72 (0.94-3.15) 0.69 

Chemotherapy/cytostatic treatment  4,605 13 (0.3) 1.8 4,050 5 (0.1) 0.8 0.93 (-0.26; 2.12) 2.14 (0.60-7.66) 0.89 

  
COPD, chronic obstructive pulmonary disease; DPP, dipeptidyl peptidase; GLP, glucagon like peptide; NSAID, non-steroidal anti-inflammatory drug; RAAS, renin 
angiotensin aldosterone system.  
 
a. Before trimming and weighting based on propensity score. 
b. Absolute rate differences (weighted incidence rate difference) were calculated using a Poisson Model. 
c. Interaction assessed on the continuous scale. 
d. Only analyses of the subgroup with exposure to the investigated variable are shown for medical history and ongoing medications. 
e. Not shown due to few individuals in one cell. 
f. ACE inhibitors/Angiotensin II receptor blockers 
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Supplementary Table 11 Association of SGLT2 inhibitor versus GLP-1 receptor agonist use 
with ketoacidosis risk in analyses using an active comparator new user design to assess effect 
modification by blood pressure, body mass index, smoking, HbA1c, albuminuria and estimated 
glomerular filtration rate in Sweden and Denmark. 
 

 SGLT2 inhibitorsa,b 
GLP-1 receptor 

agonistsa,b    

 n 
n events 

(%) 
n 

n events 
(%) 

Weighted hazard 
ratiob 

p for 
interaction

Sweden 

p for 
interaction
Denmark 

Total population, Sweden 100,806 355 (0.4) 69,742 138 (0.2) 2.13 (1.66-2.74) -  

Total population, Denmark 61,035 196 (0.3) 44,625 67 (0.2) 2.12 (1.53-2.96) -  

Blood pressure        

   Normotension 58,595 195 (0.3) 39,867 74 (0.2) 2.09 (1.43-3.05) 

0.93 -    Stage 1 hypertension 36,861 146 (0.4) 26,332 59 (0.2) 2.25 (1.45-3.50) 

   Stage 2 hypertension 5,293 14 (0.3) 3,527 5 (0.1) 2.11 (0.53-8.38) 

HbA1c        

   ≤52 33,555 44 (0.1) 27,116 c 1.81 (0.75–4.35) 

0.50d 0.77d 

   53-62 51,228 103 (0.2) 28,667 28 (0.1) 2.75 (1.56–4.83) 

   63-72 36,261 110 (0.3) 24,805 42 (0.2) 1.95 (1.17–3.25) 

   73-82 20,329 103 (0.51) 16,088 51 (0.3) 2.08 (1.30–3.34) 

   ≥83 20,317 189 (0.93) 17,602 69 (0.4) 2.44 (1.74–3.42) 

Body mass index    
 

   

   <20 1,011 10 (1.0) 349 <5 3.72 (0.15-90.03) 

0.77d - 

   20-<25 11,439 63 (0.6) 3,289 9 (0.3) 2.77 (0.88-8.73) 

   25-<30 34,007 123 (0.4) 15,410 35 (0.2) 2.39 (1.40-4.06) 

   30-<35 31,901 89 (0.3) 23,704 47 (0.2) 1.74 (1.13-2.68) 

   ≥35 22,356 70 (0.3) 26,971 46 (0.2) 2.19 (1.33-3.61) 

Albuminuria    
 

   

   Normal 119,695 398 (0.3) 84,038 118 (0.1) 2.47 (1.87–3.27) 

0.15 0.09    Micro 34,948 120 (0.3) 24,419 67 (0.3) 1.55 (1.01–2.38) 

   Macro 7,148 32 (0.5) 5,867 17 (0.3) 1.65 (0.76–3.60) 

eGFR    
 

   

   ≥90 ml/min 76,295 305 (0.4) 58,253 94 (0.2) 2.59 (1.97–3.41) 

0.008d 0.50d 
   60-<90 ml/min 67,843 196 (0.3) 39,838 70 (0.2) 1.81 (1.25–2.62) 

   30-<60 ml/min 16,837 46 (0.3) 15,005 38 (0.3) 1.74 (1.04–2.92) 

   <30 ml/min c c c c c 

Smoking        

   Current 14,675 74 (0.5) 10,543 21 (0.2) 3.46 (1.60-7.48) 
0.04 - 

   No 86,097 281 (0.3) 59,190 117 (0.2) 1.94 (1.46-2.58) 

 
a. Before trimming and weighting based on propensity score. 
b. Pooled numbers from Sweden and Denmark (HbA1c, albuminuria and eGFR)  
c. Not shown due to few number of individuals in one cell 
d. Interaction assessed on the continuous scale. 
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Supplementary Table 12 Potential overestimation of odds ratio and the likely temporal 
ordering of exposures in relation to ketoacidosis in analyses of potential precipitating and co-
occurring events. 
 
 
Potential overestimation of odds ratio due to under-registration in the control group 
 
Bias can arise if the investigated condition would not itself have led to healthcare contact but is instead 
diagnosed during healthcare contact triggered by ketoacidosis or by another co-occurring condition. 
Below, we categorise the transient exposures according to the likelihood of overestimation of odds ratios 
due to under-registration among controls. 
 
Temporal ordering of exposure in relation to the ketoacidosis event.  
 
The temporal ordering of exposure and ketoacidosis could not be established in the register data. Below, 
we discuss the likely temporality and degree of uncertainty for each exposure. 
 

 
Risk of potential overestimation 
of odds ratio due to under-
registration in control group 

The likely temporality and 
degree of uncertainty  

Any infection 

Intermediate: which milder cases 
may not lead to healthcare contact 
among controls, while being more 
likely to be detected during 
evaluation of ketoacidosis cases: 
hospitalized patients are frequently 
screened for infections. 

Predominantly preceding with 
possible co-detection: Infection is a 
known trigger of ketoacidosis. 
However, some infections may have 
been unrelated to the ketoacidosis 
event or may have developed after 
onset of ketoacidosis. 

Serious infection 

Low: serious infection (defined by 
hospitalization due to infection) 
generally leads to healthcare 
contact. 

Predominantly preceding: Infection 
is a known trigger of ketoacidosis. 
The likelihood that a serious 
infection unrelated to the 
ketoacidosis event would arise after 
onset of ketoacidosis is low. 

Antibiotic/antiviral 
prescription drug use 

Low: Defined by a filled 
prescription, which necessarily 
preceded presentation with 
ketoacidosis and was therefore 
unlikely to represent a consequence 
of ketoacidosis or a co-occurring 
event other than infection. 

Predominantly preceding: Infection 
is a known trigger of ketoacidosis. 
Exposure defined by filled 
prescriptions, which necessarily 
preceded presentation with 
ketoacidosis. 

Myocardial infarction 

Low: myocardial infarction 
generally leads to healthcare 
contact, although some infarctions 
may go unnoticed for both patients 
and physicians. 

Predominantly preceding with 
possible bidirectionality: Myocardial 
infarction may precipitate 
ketoacidosis through physiological 
stress. However, severe 
ketoacidosis may also contribute to 
myocardial infarction. 

Stroke (ischemic or 
hemorrhagic) 

Low: myocardial infarction 
generally leads to healthcare 
contact, although some infarctions 
may go unnoticed for both patients 
and physicians. 

Predominantly preceding with 
possible bidirectionality: Stroke may 
precipitate ketoacidosis through 
physiological stress. However, 
severe ketoacidosis may also 
contribute to stroke. 

Acute renal event 

Low: acute renal events (defined as 
hospitalization due to an acute 
renal diagnosis) generally leads to 
healthcare contact.  

Bidirectional relationship with 
substantial temporal uncertainty: 
Acute renal events may precipitate 
ketoacidosis through dehydration 
or acute illness, although severe 
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ketoacidosis may also contribute to 
acute kidney injury. 

Liver cirrhosis and liver 
decompensation events 

Low: acute liver events (defined as 
hospitalization due to liver cirrhosis 
of liver decompensation) generally 
leads to healthcare contact. 

Predominantly preceding with 
possible bidirectionality: Liver 
decompensation may precipitate 
ketoacidosis through acute illness 
and metabolic stress. However, 
severe ketoacidosis may also 
contribute to hepatic 
decompensation. 

Heart failure hospitalization 

Low: decompensated heart failure 
(defined as hospitalization due to 
heart failure) generally leads to 
healthcare contact. 

Predominantly preceding with 
possible bidirectionality: Heart 
failure decompensation may 
precipitate ketoacidosis through 
physiological stress and reduced 
oral intake. However, severe 
ketoacidosis may also contribute to 
cardiovascular decompensation. 

Gout 

Low: gout was defined by a filled 
prescription for a anti-gout 
medication, which necessarily 
preceded presentation with 
ketoacidosis. However, the 
exposure definition also included a 
diagnosis of gout, which may be 
more affected by differential 
registration among cases versus 
controls.  

Predominantly preceding with 
possible bidirectionality: Gout flare 
may precipitate ketoacidosis 
through inflammatory stress. 
However, dehydration and 
metabolic disturbances related to 
ketoacidosis may also contribute to 
gout flare. 

Acute abdomen 

Intermediate: milder cases may not 
lead to healthcare contact among 
controls, while being more likely to 
be detected during evaluation of 
ketoacidosis cases: abdominal pain 
is a symptom of ketoacidosis. 

Bidirectional relationship with 
substantial temporal uncertainty: 
Acute abdominal conditions may 
precipitate ketoacidosis through 
physiological stress and reduced 
oral intake. However, abdominal 
symptoms may also occur as 
manifestations of ketoacidosis, 
making temporal ordering 
uncertain. 

Major surgery 

Low: major surgeries in the 
Scandinavian countries are unlikely 
to be differentially registered 
among cases versus controls. 

Predominantly preceding: Surgery 
may trigger ketoacidosis through 
physiological stress. Reverse 
temporal ordering is unlikely. 

Alcohol intoxication  
High: Occurs frequently without 
healthcare contact. 

Predominantly preceding with 
possible co-detection 
Alcohol intoxication may precipitate 
ketoacidosis through reduced food 
intake, vomiting, or dehydration. 
However, alcohol intoxication may 
also be identified during 
hospitalization prompted by 
ketoacidosis. 

Drug misuse 
High: Occurs frequently without 
healthcare contact. 

Predominantly preceding with 
possible co-detection 
Drug misuse may trigger 
ketoacidosis, but could also be 
identified during hospitalization 
prompted by ketoacidosis. 
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Supplementary Figure 1 Log cumulative hazard plot for incidence of ketoacidosis by time since 
SGLT2 inhibitor treatment initiation. 
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Supplementary Figure 2 Association of ongoing medication use with ketoacidosis risk among 
users of SGLT2 inhibitors and DPP4 inhibitors in the nested case-control analysis. 
 

 
 
 
* Using those with ongoing metformin use (but not the investigated drug) as the reference. 
† ACE inhibitors/Angiotensin II receptor blockers. 
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Supplementary Figure 3 Mortality after ketoacidosis among users of SGLT2 inhibitors. 
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Supplementary Figure 4 Changes in diabetes drugs after ketoacidosis among users of SGLT2 
inhibitors. 

 

 
 
* Defined as filled prescription during 180 days prior to the index date. For SGLT2 inhibitor use, all 
ketoacidosis cases were considered as exposed to the drug according to the exposure definition in the 
main analysis. 
 
** Defined as a filled prescription within 180 days prior to day 365 after the index date. 

  



31 

 

Supplementary Figure 5. Flow chart for patient selection for DPP4-inibitors. 
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Supplementary Figure 6. Flow chart for patient selection in the active comparator new user 
analysis of SGLT2 inhibitor users versus GLP-1 receptor agonist users. 
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