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Comparison of Duration of Ketoacidosis in Sodium-Glucose 
Transport-2 inhibitor (SGLT2i) users and non-users among 
Individuals with Type 2 Diabetes: Case series

Abstract

Background: Sodium Glucose Transport Inhibitors (SGLT2i) are 
approved for the treatment of diabetes but can lead to a complica-
tion known as Diabetic Ketoacidosis (DKA). This study aims to com-
pare the duration of ketoacidosis and metabolic profiles between 
SGLT2i users and non-users with type 2 diabetes.

Case Presentations: A case series was conducted, including pa-
tients admitted with DKA between 2016 and 2022. Data were col-
lected from medical records, and statistical analysis was performed 
using Microsoft Excel. The Montfort Hospital Research Ethics Board 
(Institut du Savoir Montfort) approved this study (file number: 21-
22-02-040). A total of 88 patients were included, with 55 non-SGLT2i 
users and 33 SGLT2i users. SGLT2i users had significantly prolonged 
ketoacidosis mean duration compared to non-users (14.45 hours vs. 
10.93 hours, p = 0.0001). 

Conclusions: This retrospective case series of 88 type II diabe-
tes patients admitted with DKA found that SGLT2i users experience 
significantly longer mean duration of ketoacidosis. Recognizing the 
risks of prolonged ketoacidosis in critical care settings is crucial, 
prompting vigilant monitoring and frequent laboratory tests to ex-
pedite resolution and improve outcomes. These insights may inform 
clinical decision-making, potentially reducing ICU stays and improv-
ing overall outcomes for individuals with diabetes.
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Introduction

Sodium-Glucose Transport Inhibitors (SGLT2i) are approved 
for the treatment of diabetes and have demonstrated addition-
al benefits in heart failure [1]. However, the use of SGLT2i can 
lead to a significant complication known as Diabetic Ketoacido-
sis (DKA). DKA is a rare complication associated with SGLT2i use 
with reported incidence rates ranging from 0.6 to 2.2 events per 
1,000 person-year in studies [2].

Several common triggers have been identified for those tak-
ing SGLT2i and who are admitted for DKA, including infection, 
surgical stress, poor oral intake, dehydration, and increasing in-
sulin requirements [3]. As such, management of SGLT2i use dur-
ing acute illness presents unique challenges. Case reports have 
also documented episodes of prolonged ketoacidosis in SGLT2i 

users [4,5]. Episodes of ketoacidosis are considered prolonged 
when the resolution extends beyond 24 hours [6].

Proposed mechanisms for this prolonged ketoacidosis in-
clude the slow dissociation rate (slow off-rate) of SGLT2 inhibi-
tion, metabolic enzyme polymorphisms, decreased renal func-
tion, and the lipophilicity of certain drugs, such as Canagliflozin 
[7]. However, beyond the influence of drug-related factors, the 
extent to which the initial severity of acidosis upon admission 
might also play a role in extending the duration of acidosis in 
SGLT2i users remains ambiguous.

Given the unique metabolic complications observed in 
SGLT2i users admitted with DKA, our study aims to retrospec-
tively compare the duration of ketoacidosis with that of non-
SGLT2i users. 
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Methods

A case series was conducted at a community hospital in Ot-
tawa, Ontario, Canada. The inclusion criteria for this study en-
compassed adult patients aged 18 years and above who were 
admitted to Montfort Hospital between January 1st, 2016, and 
June 30th, 2022. Specifically, eligible participants were required 
to have a documented diagnosis of Diabetic Ketoacidosis (DKA) 
upon admission, determined by an emergency physician or crit-
ical care consultant, and a history or diagnosis of type 2 diabe-
tes mellitus. Additionally, inclusion necessitated the presence 
of raised anion gap (AG) metabolic acidosis (AG > 12 mmol/L 
and bicarbonate [HCO3] levels < 24 mmol/L) upon admission, 
along with elevated ketones. These criteria were established to 
ensure the enrollment of patients with DKA attributed to type 
2 diabetes mellitus and to standardize the population under in-
vestigation for the comparative analysis between SGLT2i users 
and non-users. Data was collected from electronic medical re-
cords and verified by two study investigators. 

Duration of ketoacidosis was recorded in hours and defined 
as the time taken for the anion gap to normalize. Patients were 
excluded if the prolonged duration of ketoacidosis was due 
causes other than ketone production (e.g. other causes of anion 
gap acidosis or non-anion gap acidosis). For our primary objec-
tive, given the prolonged nature of ketoacidosis episodes lasting 
beyond 24 hours, our aim was to compare the incidence of pa-
tients in both groups whose time to anion gap closure extended 
to 24, 36, and more than 48 hours. 

Baseline patient characteristics, laboratory data and meta-
bolic profiles were collected for both groups. Patient charac-
teristic data encompassed sex, age, admission weight, home 
diabetes medication usage, and suspected risk factors for keto-
acidosis. Collected admission metabolic and laboratory values 
included serum creatinine, random blood glucose, pH, bicar-
bonate, anion gap, beta-hydroxybutyric acid, and hemoglobin 
A1C (HbA1c) percentage. Mean values for all laboratory param-
eters were documented and compared between SGLT2i users 
and non-users.

Data Collection

The data for this study was collected from de-identified pa-
tient records at Montfort Hospital, spanning the period from 
January 1st, 2016, to June 30th, 2022. Deidentification measures 
were implemented to ensure the removal of any personally 
identifiable information, thereby safeguarding patient confi-
dentiality. The collected data encompassed demographic infor-
mation, patient histories, diabetes control markers including 
metabolic parameters, and relevant laboratory data including 
time to anion gap closure measured in hours. The deindexed re-
cords were utilized for statistical analysis, ensuring the protec-
tion of patient privacy and compliance with ethical standards.

Statistical Analysis

Baseline patient characteristics were described using a com-
bination of continuous and categorical variables. Continuous 
variables were utilized to depict the primary objective, focusing 
on the time to anion gap closure measured in hours, comparing 
SGLT2i users and non-users. To analyze the primary objective, 
independent sample t-tests were initially employed to compare 
the duration of ketoacidosis, measured as time to anion gap 
closure, between SGLT2i users and non-SGLT2i users, with con-
sideration given to data normality assumptions. Additionally, 
the metabolic profiles were summarized using continuous vari-

ables, representing mean values at admission for both groups. 
We chose a significance level of 5% (p < 0.05) as the thresh-
old for statistical significance, as this is a commonly accepted 
standard in scientific research. No adjustment for multiple tests 
was performed, as no single adjustment is widely accepted. All 
statistical analyses were conducted using Microsoft Excel 2022.

Results

A total of 88 patients with type 2 Diabetes Mellitus (DM) 
were admitted with DKA between January 1, 2016, and June 
30, 2022, and were included in this study. Among these pa-
tients, 55 individuals did not use SGLT2i at presentation, while 
33 patients were taking SGLT2i immediately prior to admission 
with DKA. The SGTL2i and non-SGLT2i groups had similar sex, 
age, and weight distributions. (Table 1). On admission, the non-
SGLT2i group exhibited higher mean blood glucose levels than 
the SGLT2i group (38.1 mmol/L vs. 22.1 mmol/L), as well as an 
increased mean anion gap (28.34 vs. 24.81), and hemoglobin 
A1C percentage (12 % vs.10.4 %). There was no difference in ad-
mission mean creatinine between non-SGLT2i and SGLT2i users 
(133 mmol/L vs.124 mmol/L). The non-SGLT2i group exhibited 
a greater prevalence of insulin usage (44% vs. 24%) alongside 
a lower prevalence of biguanide utilization (31% vs. 85%) com-
pared to SGLT2i users. The two groups also had differing rates of 
documented risk factors for ketoacidosis, with non-compliance 
to medication the predominant risk factor in the non-SGLT2i 
group, accounting for 40% of cases, whereas dehydration was 
the leading risk factor among the SGLT2i group, with a preva-
lence of 49% (Table 1).

Significantly prolonged duration of ketoacidosis was ob-
served in the SGLT2i group compared to the non-SGLT2i group 
(14.45 hours vs. 10.93 hours, p = 0.0001) (Table 2). Within the 
SGLT2i group, five patients failed to resolve their anion gap 
within 24 hours of admission, whereas only one patient in the 
non-SGLT2i group experienced prolonged ketoacidosis. Notably, 
among the five patients with prolonged ketoacidosis exceeding 
24 hours in the SGLT2i user group, one patient required 46.5 
hours, while another patient required 50.2 hours for their an-
ion gap to normalize, surpassing the respective thresholds of 36 
and 48 hours (Table 2 & Figure 1). 

Discussion

This case series identified prolonged duration of ketoacidosis 
in SGLT2i users compared to non-SGLT2i users with type 2 DM 
admitted with DKA. The mean duration of acidosis, measured 
as the time to anion gap closure, was prolonged in SGLT2i us-
ers compared to non-SGLT2i users. Out of the 33 SGLT2i users, 
five patients experienced prolonged ketoacidosis with an open 
anion gap lasting over 24 hours. Remarkably, within the subset 
of five patients experiencing ketoacidosis for over 24 hours in 
the SGLT2i group, two cases were particularly prolonged, with 
one patient taking 46.5 hours and another 50.2 hours for anion 
gap normalization, significantly exceeding durations of 36 and 
48 hours respectively.

SGLT2i induce ketoacidosis primarily through glycosuria, 
where the drugs’ inhibition of glucose reabsorption in the kid-
neys leads to reduced blood glucose levels and subsequent 
insulin deficiency. This scarcity of insulin prompts the body to 
shift its energy source to lipids (lipid oxidation) and non-carbo-
hydrate compounds (gluconeogenesis), resulting in the produc-
tion of ketone bodies as by-products. Furthermore, the escala-
tion in glucagon secretion, which antagonizes insulin, enhances 
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hepatic glucose and ketone production, thereby intensifying the 
ketoacidotic condition [8].

In addition, SGLT2i impede the kidney’s ability to clear ke-
tone bodies by enhancing their reabsorption in the renal tu-
bules. This effect stems from the drugs’ inhibition of sodium 
reabsorption, leading to elevated sodium concentrations in the 
tubular fluid. Consequently, the heightened sodium levels fa-
cilitate the carrier-mediated reabsorption of negatively charged 
ketone bodies, contributing to their accumulation in the body 
[9].

In summary, the interaction of various mechanisms, includ-
ing glycosuria-induced insulin deficiency, changes in energy 
metabolism promoting lipid oxidation and gluconeogenesis, el-
evated glucagon levels, and improved tubular reabsorption of 
ketones, fosters an environment conducive to the production 
and accumulation of ketone bodies. This process ultimately in-
creases the risk of ketoacidosis in individuals using SGLT2 inhibi-
tors.

When examining the metabolic profiles between the non-
SGLT2i and SGLT2i users, there was a modestly higher anion gap 
observed in the non-SGLT2i group. Other metabolic parameters 
for acidosis such as pH and bicarbonate levels appeared to be 
similar between both groups. It is worth considering whether 
the discrepancy in anion gap elevation observed could be asso-
ciated with the underlying causes of admission and precipitat-
ing factors of Diabetic Ketoacidosis (DKA) episodes. Within the 
non-SGLT2i group, the prevalence of non-compliance and new-
onset diabetes suggests potentially inadequate baseline control 
before hospitalization. This notion is supported by a compari-
son of admission elevated blood glucose and HbA1c percent-
ages between the two groups, indicating less stringent glucose 
control in the non-SGLT2i user group. Another noteworthy ob-
servation pertains to the prevalence of insulin usage within the 
SGLT2i group, accounting for 24% of admissions in this cohort. 
Considering the potential synergistic effect of insulin and SGLT2i 
in elevating the risk of ketoacidosis, it remains uncertain to what 
extent insulin usage contributed to the prolonged episodes of 
ketoacidosis observed in the SGLT2i user group. Nevertheless, 
a deeper investigation is warranted to elucidate the interplay 
among precipitating factors, the extent of acidosis severity, and 
their impact on the duration of ketoacidosis episodes.

Considering that non-SGLT2i users exhibited a higher mean 
anion gap compared to SGLT2i users, despite experiencing a 
shorter duration of ketoacidosis, this observation may imply the 
involvement of additional underlying mechanisms, such as ge-
netic factors and pharmacokinetic characteristics. ¹⁰ Regarding 
genetic factors, Dapaglifozin, Empagliflozin, and Canagliflozin 
undergo hepatic metabolism and renal excretion. The influence 
of genetic polymorphisms in the SLC5A2 gene, which encodes 
SGLT2 transporter expression, remains uncertain in affecting 
drug action [11]. Similarly, genetic variability in drug-metab-
olizing enzymes involved in the glucuronidation pathway may 
impact SGLT2i metabolism, yet no clinical studies have explored 
these factors’ effects on pharmacokinetics or outcomes [12].

Moreover, the pharmacokinetic characteristics of SGLT2i, 
such as their slow dissociation rate or “slow off-rate,” enable 
sustained pharmacodynamic effects even at low plasma con-
centrations, possibly explaining persistent ketone reabsorption 
post-drug discontinuation [13]. Notably, Canagliflozin’s lipophi-
licity may affect its pharmacokinetics, particularly in patients 
with increased adiposity, leading to alterations in volume of 

distribution and elimination half-life [14]. Empagliflozin’s high 
selectivity for SGLT2 over SGLT1 underscores its emphasis on 
urinary glucose excretion, potentially influencing its therapeutic 
effects [15].

As highlighted earlier, while DKA represents a rare adverse 
event associated with SGLT2i, it’s crucial to maintain perspective 
on the overall risk-benefit profile of these medications. For the 
vast majority of patients, the benefits of SGLT2i therapy typical-
ly outweigh the risk of DKA. However, it’s essential for prescrib-
ers to remain vigilant, particularly in certain patient populations 
where the risk may be elevated. Previously identified risk fac-
tors associated with an elevated risk of DKA when using SGLT2 
inhibitors encompass underlying medical conditions, recent 
surgical procedures, decreased carbohydrate consumption, de-
hydration, and excessive alcohol intake. By carefully considering 
these factors and monitoring patients appropriately, prescrib-
ers can effectively mitigate the risk of DKA while harnessing the 
therapeutic benefits of SGLT2i.

Specifically in the critical care setting, the understanding of 
the potential risks associated with prolonged ketoacidosis in 
SGLT2i users’ holds critical clinical implications for intensivists, 
ultimately influencing the urgent care provided to these individ-
uals. It is crucial to recognize that metabolic factors, including 
kidney function and the severity of acidosis, may not serve as 
reliable indicators for predicting prolonged acidosis episodes in 
SGLT2i users. It is recommended to monitor the acid-base status 
of patients over an extended duration due to the inherent risk 
of prolonged ketoacidosis in SGLT2i users and the potential for 
re-opening of the anion gap. This approach may include more 
frequent laboratory tests, extended continuous intravenous in-
sulin infusion, and meticulous monitoring of acid-base status to 
expedite the resolution of acidosis and potentially mitigate the 
duration of ICU stays.

While the present case series provides valuable insights, sev-
eral limitations should be acknowledged. Firstly, the retrospec-
tive design introduces potential biases, as data collection relies 
on identification, reporting, and documentation, which may be 
subject to inconsistencies across time and individual clinicians. 
The timing of anion gap measurements could have influenced 
the assessment of the duration of acidosis. Additionally, other 
potential causes of acidosis were not consistently ruled out, 
which could have impacted the measurements of the duration 
of acidosis. Employing creatinine to gauge kidney function and 
hemoglobin A1C percentage as an indicator of diabetes man-
agement might not consistently yield precise results, as they 
can be affected by a range of unmeasured factors. Lastly, due 
to resource costs and data availability, this case series solely 
captured metabolic complications related to SGLT2i usage upon 
admission and did not consider complications that may have 
arisen during the hospitalization period.

Considering these limitations, future research endeavors 
should aim to address these gaps by employing prospective 
study designs and implementing more rigorous standardized 
protocols for data collection. Furthermore, investigations ex-
ploring the long-term effects and outcomes of prolonged keto-
acidosis in SGLT2i users (eg. ICU length of stay) would contribute 
to a more comprehensive understanding of this clinical entity.

Conclusion

In summary, this retrospective study involving 88 patients 
with type 2 diabetes mellitus admitted with diabetic ketoaci-
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dosis (DKA) between January 1, 2016, and June 30, 2022, dem-
onstrated a longer mean duration of acidosis in SGLT2i users 
compared to non-users. The interaction of various mechanisms, 
including glycosuria-induced insulin deficiency, altered energy 
metabolism favoring lipid oxidation and gluconeogenesis, in-
creased glucagon levels, and enhanced tubular reabsorption 
of ketones, may increases the risk and duration of ketoacidosis 
in SGLT2i users. Furthermore, unmeasured genetic variations 
in metabolic enzyme polymorphisms and drug-specific factors 
such as low dissociation rate, lipophilicity, and SGLT2 transport-
er binding affinity may contribute to prolonged episodes of ke-
toacidosis in these users

The implications extend to clinical decision-making in critical 
care settings, where healthcare professionals must recognize 
the risks associated with prolonged ketoacidosis in SGLT2i us-
ers. Monitoring acid-base status over an extended duration and 
implementing frequent laboratory tests can aid in expediting 
the resolution of acidosis and improving patient outcomes. 

By incorporating these insights and contributing to the grow-
ing body of knowledge, we can enhance our understanding of 
prolonged ketoacidosis in SGLT2i users, leading to improved 
clinical decision-making, enhanced patient care, possibly miti-
gating episodes of prolonged duration of ICU stays and ulti-
mately better outcomes for individuals with diabetes. 
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