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Background and aims: To study euglycemic diabetic ketoacidosis (euDKA) outcomes associated with
sodium-glucose co-transporter 2 inhibitors (SGLT2is)

Methods: Review of 72 euDKA cases in T2DM between September 2015 and January 2020 (PUBMED).
Results: euDKA could occur at any time during SGLT2is treatment, with nausea, abdominal pain and
vomiting as main symptoms. Hyperglycemia did not correlate with pH and B-hydroxybutyrates. Low pH
and high B-hydroxybutyrates were significantly associated with euDKA. In biguanides users, acidosis was
unrelated to lactic acidosis. euDKA occurred during fasting, surgery, acute infection, insulin deprivation
(endogenous or exogenous).

Conclusions: These data support avoidance of euDKA risk states in SGLT2i users.

© 2021 Diabetes India. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Sodium-glucose transporter 2 inhibitors (SGLT2is), or gliflozins,
are a recent introduction to the therapeutic arsenal for type 2
diabetes mellitus (T2DM) [1]. These new medications (canagli-
flozin, dapagliflozin, empagliflozin, and ertugliflozin) allow better
glycemic control by inhibiting renal glucose reabsorption. The re-
sults of randomized clinical trials have shown that these drugs also
lead to a significant reduction in the risk of hospitalization for heart
failure in certain patients, independently of the presence or
absence of diabetes, and a slowing of the progression of chronic
kidney disease and/or a reduction of albuminuria [2—4]. However,
rare but serious adverse events such as euglycaemic diabetic
ketoacidosis (euDKA) have been reported in type 1 diabetes mel-
litus (T1DM) and T2DM diabetic patients treated with SGLT2is, both
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over the course of clinical trials as well as in “real life” [5—30]. These
acute euDKA are atypical, as the hyperglycemia is less severe than
in ketoacidosis observed in T1DM, hence their classification as
“euglycaemic” ketoacidoses. In 2015 and 2016, the Food and Drug
Administration of the United States of America and the European
Medicines Agency have warned of the potential risk of ketoacidosis
when using SGLT2is in T2DM patients [31,32]. A recent meta-
analysis by Zelniker et al. concluded that the risk of developing
euDKA was 2.2 times higher in T2DM patients treated with SGLT2is
compared to patients not treated with these medications [33].
However, it is still an open question whether the incidence of
euDKA remains rare due to underdiagnosis and possible under-
declaration, as opposed to it being indeed a rare occurrence.

The main purpose of this study was to characterize the clinical
and the biological manifestations as well as the risk factors for the
occurrence of euDKA in T2DM patients treated with SGLT2is.
Furthermore, by understanding the context of the occurrence of
euDKA linked with SGLT2is, clinicians can take the necessary pre-
cautions to reduce the risk of these events.
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2. Research design and methods

The articles studied were to include a euDKA event in T2DM
individuals treated with SGLT2i.

Literature search was conducted on PubMed between
September 2015 and January 2020.

An article was included for this study when it had been pub-
lished in a journal for which the results were peer-reviewed, were
published in English or in French, included only T2DM patients, and
were presented as a case report or a cases series. Duplicate articles,
unpublished articles, randomized control trials, systematic reviews,
letters to the editor, and clinical cases relating to euDKA in patients
with TIDM or Latent Autoimmune Diabetes in the Adult (LADA)
were excluded. The following keyword search was used in PubMed:
“Diabetic ketoacidosis” AND “euglycemia” AND “SGLT-2 inhibitors
“OR “Sodium-Glucose Transporter 2 Inhibitors” AND “Type 2 Dia-
betes Mellitus”. We reported the results according to PRISMA
checklist.

Two authors read and selected the articles over the chosen
period. Each selected article was proofread by two authors sepa-
rately, then they selected or not the articles together. No software
was used to analyze the articles for the authors. Furthermore, the
data extracted from the articles had to be individual data (and not
averages) to avoid the collection of grouped results without specific
information for each individual.

The following data were sought and extracted from the clinical
cases collected: gender and patient's age at the time of euDKA,
duration of diabetes, hypoglycemic medications, length of time (in
days) the SGLT2i were taken prior to the occurrence of euDKA, body
mass index (BMI), clinical symptoms during the presentation of the
euDKA, biochemical test results (Ajc glycated hemoglobin (HbA1c),
blood glucose level associated with euDKA, pH, pressure of carbon
dioxide (pC0O2), bicarbonate, anion gap, lactate, and capillary B-
hydroxybutyrates (f-OHB)). Lastly, the conditions associated with
euDKA in patients with T2DM also had to be described. For case
reports, all available data were extracted and analyzed; not all case
reports necessarily included all the data sought. All the results are
summarized in a descriptive manner.

Continuous data are expressed as averages + the standard de-
viation (SD), and categorical data are presented as numbers and
percentages: n (%). When some of the data were incomplete, the
total number (1) of patients for whom this data was available was
specified. The clinical and the biological parameters were also
subject to Pearson and Kendall's tau-b univariate correlation
regression analysis according to a p-value < 0.05. The analysis of
the data was carried out using SPSS® software.

3. Results
3.1. Demographics and medication use

In total, over the 4.5 years selected, we have selected 26 articles
describing 72 cases of euDKA in patients with type 2 diabetes: 12
cases with canagliflozin, 31 with dapagliflozin, and 29 with
empagliflozin, (none involving ertugliflozin, possibly due to the
drug being ranked last among the SGLT2i on the market).

For each article included the number of patients with euDKA is
listed in Table 1.

The main characteristics, including type of diabetes, age, and
gender were available for the 72 cases.

They were adults (37 males and 35 females), and all of them had
T2DM, and their average age was 57.6 + 14.9 years. In the 72 cases,
information on the duration of diabetes was available in 56 patients
(122 + 9.9 years), and BMI was reported in 36 patients
(27.6 + 6.2 kg/m?). For 46 patients (information was not available
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for the other cases), euDKA has occurred at different times after
using SGLT2i (Table 2).

All the patients were taking glucose-lowering drugs prior to the
euDKA, and none had new-onset diabetes. Glucose-lowering drugs
associated with SGLT2is mostly consisted of biguanide (metformin)
(88%) and/or insulin (36.1%) and/or dipeptidyl peptidase-4 in-
hibitors (27.6%). The presence of cardiac or renal comorbidities was
low, respectively 18.4% and 7.8% (Table 2).

3.2. Symptoms and biochemical parameters at euDKA presentation

During the euDKA, most of patients exhibited nausea (48%),
abdominal pain (38%), vomiting (36%), and numerous other non-
specific symptoms. The most frequent clinical signs were tachyp-
nea (34%), tachycardia (30%), dehydration (14%), and alteration of
consciousness (10%) (Table 2). The means of the following biolog-
ical parameters were HbAjc 8.9 + 2.2% (74.5 + 23.8 mmol/mol),
glycemia 282.8 + 159.2 mg/dl (15.69 mmol/L), pH 7.2 + 0.17, bi-
carbonate 10.4 + 5.8 mmol/L, anion gap 24.8 + 7.7 mmol/L, 3-OHB
5.0 + 2.3 mmol/L, serum creatinine 1.2 + 0.5 mmol/L, and lactate
1.7 + 1.3 mmol/L (Table 2).

3.3. Conditions predisposing to euDKA

Potential risk factors for euDKA associated with SGLT2is were in
decreasing order of frequency: prolonged fast (24.2%), surgical
intervention (mainly immediate postoperative) (20.8%), acute
infection (16.7%), relative insulinopenia, or a recent decrease/
cessation of insulin therapy in patients prior to the euDKA (14.2%),
dehydration (9.2%), and other causes presented in Fig. 1. None of the
72 cases of euDKA resulted in death.

The clinical alterations on admission improved or disappeared
following treatment of the euDKA, the latter usually involves
stopping SGLT2is and fasting, and/or giving an intravenous infusion
of saline, sodium bicarbonate and insulin. The Pearson correlation
coefficient (PC) was significantly negative between the pH and the
capillary B-OHB (PC: 0.52; p = 0.004), the anionic gap (PC: 0.49;
p < 0.001), respiratory rate (PC: 0.66, p = 0.03) and significantly
positive between the bicarbonate (PC: +0.79; p < 0.001) and the
pCO2 (PC = +0.74; p < 0.001).

Furthermore, there was no significant correlation between pH
and the level of lactate (PC = —0.03; p = 0.45), which rules out
posteriori that lactic acidosis produced the acidosis. We did not find
significant correlations between pH and glycaemia (PC = —0.21;
p = 0.07), or glycaemia and B-OHB (PC = 0.23; p = 0.11) (Fig. 2).

4. Discussion

With respect to the already existing literature, we confirm and
provide new information on the association between euDKA and
the use of SGLT2is. We observed that euDKA preferentially occurred
in middle-aged patients of both genders, with usually a long
duration of diabetes (>10 years on average), and already treated
with oral glucose-lowering agents and/or insulin. In our review,
cardiac or renal comorbidities were not preponderant in patients
with euDKA. Moreover, the renal function during the occurrence of
the euDKA was satisfactory. An episode of euDKA can therefore
occur in individuals without prior cardiovascular and/or renal
complications, and considered at low risk at the cardiometabolic
level, unlike what is observed in case of lactic acidosis linked to
biguanides. Also, we have shown that euDKA could occur at any
time during SGLT2i treatment.

In addition, as reported by Burke et al. [34] in a systematic re-
view from 2013 to 2016 involving 25 patients with T2DM, we
encountered the same symptoms of euDKA in patients treated with
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Table 1
Data extracted from the original case reports.

Table 1. i reports.
}ﬂumm Mexandef Badwal penmouss] Bonora | __Chacko | Chou JiazRamd___Dull Fukuda | Gajjar ‘Hambiin randd Yeon

iliographic reference 5 6 7 3 20 o | W 2 n 30 3 29
(Country Canada | USA | USA | laly Austral | Makysia | USA USA Japan | USA Australa Spain Korea
Vear 07 | 208 | 006 | 2017 2018 18 | 2019 2009 a0 | 2019 2009 2019 2019
Design base re case seres case seres y 7 case seres (37 T2DM but 14 with description) base repo case seres
Sex Make | Femgle | Female | Female | Ma  Make | Femule | Femak | Femske  Male | Mak | Mak | Mk Femole Mak Mok Mak Femake Fense Mk Mo Fenok  Mak  Mak  Femak  Mae | Mae | Fende  Me Female Femak Mok  Mae  Mae  Femdk Fele  Mak  Mak
Age (years) L S N I R B A @ | n | x| s & o © & 4 9w B s o 0 oM 0w W| 2 B 7B % e mom a5 M ¥
BMI (kg/n) 25 N[ ® | ®s | N M| N[ N[ N NR | NR [ B5S| M N N N N N MR N N NR O NR NR O NRONR | 22| M0 24 NS 195 184 196 241 M4 23 NI W2
Type of diabetes 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Diabetes duration (years) 7w |7 SO 3 0 [ N | N1 | W |8 5 1B 4 15 ™ 6 N9 v 6 SR TN S Y PR R CR N N i 0 15
[Treatment of diabetes
'SGLT2i used before euDKA Caa | Dapa | Cana | Caa | Dipa Eopa | Dapa | Ca | Dpa  Enpa | Epa | Dipa | Dapa  Dapa  Dapa  Eopa  Empa  Depa  Fopa  Empa  Cam Do Empa  Empa  Dapa  Fopa | Empa | Dapa  Fmpa  Dape  Dapa  Depa  Dape  Dapa  Dapa  Dape  Empa  Dapa

SGLT2i before euDKA| 875 | NR | 885 | §n | NR 200 | 15 | 30 | NR MR | NR | 2 NR_ 90 NRNR 4 365 NR 20 40 NR_ 68 365 NRNR | 0 | NR 5 30 20 NR 106 NR 20 6 NR 8

Tnsulin No | No | No | Ye | N No | No | Ye | N No | No | No | Ye  ¥e  Ye No Y& No No  Ya  Ye Ve Ya  Ye Ve Vs | No | N N No Mo N No No Mo No No Ve
Metfornin Yeo | Yes | Noo| No | Yes o Ye | Ye | Yes | No Ve | Yes | Ye | N\ MK MR MR MR MR ONR MR MR MR MR MR ONR MR [ e | Ve Ye o Yo Yoo Ye  Ye o Y Ye  Ys o Yeo Ve
(Glitazone No | Noo| No| N | N N | No | No | N N | N | N [M N N M M M N M N M M M M NM[N[N N N N N N N N N N N
Sulfonylurea Noo | No | No | No | No Mo | Ve [ No | No No [ No | Ve | N N N N& N N N N N M M N M M| N | N N N Yo N N Ys N N Ys N
Glinid No | No| No| No | N N | N | No | N N | N | N [N N N M M M M M M M M M M NM[N[N N N N N N N N N N N
DPPi Ye | Yes | No | No | Yes Ve | No | Yes | Y No | No | No | N M MR N M N N N M N N M N N [ N [ N N N N Ys Ys Ys Ys N NN
|GLP-1 RA No | No | Ye | No | No No | No | No | No No | No | No | N\ NR_NR_NR_NR_NR_NR_NR_NR_NR_NR_NR_NR_ MR | No | No No  No No  No  No No No No  No Mo
[euDKA symptoms
Nausea No | Yes | Yo | Yes | N No | Ye | Yes | Ye  Ys | Yes | Ye | N\ NR NR MR N M N N N M M M M M | Vs | N N N N N N N N N N N
Emesis No | Yes | Yes | Ye | N No | Yes | Yes | Yo Yes | No | N [ N NR N N M N N M N N M M M N [V¥s [N N N N N N N N N N N
Abdominal pain No | Yes | Yo | No | Ys  No | Yes | No | Yes Ve | Yes | No | NN NK N NR NR NR NR N N N N N N N | Ys [ N N N N No  No N N No No Mo
Asthenia Y | No | Yes | Yes | No No | No | No | No Ye | No | No | N M N N M N N M M M M M N N[N [N N N N N N N N N N N
Polyuria No | No | No | No | No o Ye | No [ No | No No [ No | Ys | N N N N& N M N N N M N N M M| N | N N N N N N N N N N N
Acetone breath No | No| No| No | N N | No | No | N No| No | N [N N N N M M N M M M M M M NM[N[N N N N N N N N N N N
Weightloss No | No | No | No | N No | No [ No | N No [ N [ N | N N M N N M N N N M M M M M|N|Nd N N N N N N N N N N
Poor oral intake Yo | No | Yo | No | No No | Yes | No | No No | Yes | Ye | N\ N NR N N N N N M NR N M N N[ N [N N N N N N N N N N No
Malaise No | No| No| No | N N | No | No | N No| N | N [N N N M M M N M N N M M M N |[N[N N N N N N N N N N N
Syncope No| No | No | No | N No | No [ No | N No [ N [ N | N N N N N M N N N M M N M M| N|N N N N N N N N N N N
Dizziness No | N | No | No| N No | No | No| N No | No| N | N N N N N N N N N N N N N N | N [N N N N N N N N N N N
Altered mental status No | Noo| No| Y | N No | No | No | No N | No | N [N N N M M M N M N M M M M M [Vs|[N N N N N N N N N N N
Debydration No | No | No | No | No o Yes | Ve | No | No o No | Ve | Ys | N N N NR N M N N N M N N M M| N | N N N N N N N N N N N
Tachypea Y | No | Noo| Ye | Yes Ve | Y | Ye | Ye  No | Yes | No | N\ MK MR MR MR MR NR MR MR MR M MR MR MR [ Vs [ N N N N N No N N N No Mo
Tachycardia Yes | No | Yes | Yes | Yes  No | Yes | No | No Ve | Yes | No | N\ MR NR_NR_NR_NR_NR MR NR MR MR MR NR_NR | No | No No No  No  No Mo No N No  No__ Mo
[Biochimical parameters during cuDKA
Bload glucose (mg/dL) So | W6l |l | 45 | 57 10 | 180 | 1 | 0 0 | 29 | 18 | N\ N& MR NR N NR MR NR MR NRNRNRNRNR | 30 | 8 36l 43 a3 24 39 57 34 44 85 B
A1C (%) 65 | N[ 12 | 74 | NRONRC| MR | NR |68 72 | NR |10 | 94 74 05 72 66 89 67 75 7 8 59 718 61 [ 78 | 99 N3 28 15 88 76 84 84 166 106 66
ALC (mmol/mol) | W [as |57 | NRONR [ NR [ ONR [ 508 55 [ NR | 8 [ 90 s 9 s 49 M s s 2 @ 4 s 6 s | @ | 8 0 16 e T 60 68 6 IS 2 4
pi . 2l e8| 69 | 73 7 | 7 | 72 | 7m0 73 [ 68 | 73 | N\ MR MR NR MR MR MR MR NR MR N ONRONR MR | 7 |20 1 I NR 72 00 T4 72 s TS 1S
PCO? (mmiHg) B[ | o2 [ es [ %2 w0 | a | ® [ 8 3 | m | | N N N M N N M M M N M N N M | M| M N M N N M M M N M W
Bicarbonates (mmolL) 5| s | 6s | 2 By oes |7 Wo| a5 5| 19| 6 | N\ N NR N M N NR MR M NR N MR ONR MR | B3| 42 74 48 06 8 32 21 94 32 5 133
Anionic gap (mmollL) L I 7l R 2 | o | s | s o | N | 2 [ NN N NR MR NR O ONR MR MR NR O ONR O NR O NRONR [ 20 [ 328 M1 32 B4 3 2§ A9 W6 N BI BI
(Capilary blood p-hydroxybutyrates mmof NR | 61 | NR | 58 | 18 2 § | N | 58 46 | 10 | s3 | M M N N M N N N M M N M N N | N[ M N N M N N N M N N M
(Capillary blood p-hydroxybutyrates elevat| Yes | Yes | Yes | Yes | Yes Ve | Yes | Yes | Yes  ¥e | Yes | Ys | N\ N N NR MR MR NR MR N N N N M NR | MR | Ve o Ye  Ys  Ye Ys Ya N M N N Ve
Lactate (mmollL) 7op s | wa | R fusor fog [ N[ L 17 [ 33 [ NC| NN NR M MR NR MR MR MR ONR MR MR MR MR MR | MR | N\ MR MR MR MR MR MR N M MW
(Creatnin elevation Y | No [ No | No | N No | No | N | N No | Yes | No | N\ M N N M N N N M M M M N N [ Vs [ Ys N Ys Yo N N ¥s N Ys Y& Mo
(Creatinin (mg/dL) 25 | M| 08 | NR| NR MR | 08 | NR | 09 09 | 2 | 04 [ N\ NRNRNR MR NR NR NR NRNR NRNRNRONR | I35 [ L4 08 LT L4112 097 24 1B 13 508
(C-Peptide (molL) M| MR | NR | NR | NR NR | NR [ NR | NRNR | NR | NR | NRNR_ MR NR_NR_ MR NRNR_NR_ MR NR_NR MR MR | NR | N\ MR 05 05 04 03 08 0 04 05 02
Risk factors described for cuDKA
Prolonged fast No | Yes | No | No | No  Yes | No | No | No  No | Ve | Ye | Ye Ve Ye Ya Ve Ve Ys Y V¥s Ys Ya  Ya N Ys | No | N N No N N N No N N N Mo
Physical exercice No | No | No| No| N No | No | No| No No | No | No | No N N No N N No No No N No No N No [N [N N No N No No No N No No Mo
Acute infection No | Noo| No| No | Noo N | No | No | Ve Y | No | ¥ [ No N N N No Ys N N N No N No Y No [ No [ N Ys N N No Y& Ys N No N No
Alcohol No| Mo | No [ No | N No | No [ No| N No [ N [ No| N N N No N N No N N N No N N No | No | N N N N Vs N No N N N N
Diet change No | No| No| Y | N No | No | No | N No| Yes | No [ N N N N No No N N No No N N No No [N [N N Y& N N N N N N N No
Insulopenia No| Mo | Y [ No [ N No | No | Noo| N No | No | Noo| Y o¥e Y No Ye N No Yes ¥ Ve Y Y Ve Y | No | Ys N No No N No No N N No Ve
Reducing or stopping insulin Yo | No [ Noo| No | Noo No | No | Yes | No No | No | Mo | Ve Ye Y No Ye No  No Ve Y Y Ve Ys N Y | No [ Vs No No N N No N N No  No Ve
Surgery Y | No o[ Noo| No | Yes Ve | No | No | No No | No | No | Ve o Yes o Yes Ye Ve Yes Ve Ye Y Y Ys N No No [ No [ N No N N No No N N No  No Mo
Deshydratation Y | No [ Noo| No | No No | Yes | No | Vs No | Yes [ Ve | N No Mo N No N No N N No N N N No | No [N N N Y& N N N N N N N
(Corticoid Yes | No | No | No | No  No | No | No | Y No | No | No | No No No No No MNo No No No No No No Yes No | No | No No No No No No N No No No Mo
BMI= ex SGLT2i - Sodium Zinhibitors; exDKA Ketoacidoss: DPP4i - Dipeptidyl peptidase-4 nhibiors; GLP-1 : Glucagon-like peptide-1; A1C = Haemoglobin Alc

NR : Not reported. For 14 euDKA " confirmed, the pH reported is expressed as an average (+ IQR), unfortunately pH is not included for each case. For this reason, we did not use this average pH in our statisics.

‘Table 1. Data extracted ¢ original case reports.

[First Author Jhaveri Lau Lin Menghoum Meyer ‘Nappi Owais Pace kos] __Peters Pujara ‘Sharma Yeo |
Bibliographic reference 22 25 14 27 28 15 18 2 16 24 17 26 19
Country Austalia Canada Taiwan Belgium Australia Ttaly Pakistan USA Greece USA USA USA Korea
Year 2019 2017 2018 2020 2018 2019 2016 2018 2019 2015 2017 2018 2019
Design case series case series case report case series case series casereport | case report case series__faserepor] _case series case report case series case report
Sex Female Female| Male Male Male Female Male  Male Male Female Female Male Male |Female Female Male Male Male Female Female Female Female Male Male Female | Male | Male Female Female Female Female Female Female Female
Age (years) 43 41 54 58 54 E 74 7 52 7 kel 51 74 67 59 53 70 82 67 45 75 67 4 66 75 64 5 50 56 57 63 23
BMI (kg/m?) NR 306 232 237 27 34 31 297 3 24 326 258 NR NR NR NR NR NR NR NR 215 NR NR NR 266 | 265 328 26 418 25 455 309 NR
| Type of diabetes 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
|Diabet i NR NR NR NR 18 17 4 17 3 15 9 14 NR 47 NR 10 14 11 10 NR 5 7 NR NR 10 2 6 NR 5 0 0 2 2
Treatment of diabetes

'SGLT2i used before euDKA Empa  Empa | Empa  Empa  Empa Empa Cana Dapa  Dapa  Empa Empa Empa Empa | Empa Empa Dapa Dapa  Dapa  Dapa Dapa  Dapa Empa Empa | Cana Dapa | Empa | Cana  Cana Dapa Cana  Cana  Cama  Empa Dapa
Duration of use of SGL] fore euDKA (days) NR NR NR NR NR 60 870 90 540 2 15 875 1095 21 NR 14 60 90 180 180 NR 30 1 NR NR 240 877 884 365 872 873 874 NR 730
Insulin Yes No Yes No No No Yes No No Yes No Yes Yes Yes No No Yes No Yes Yes No No Yes No No No No No No Yes No No No No
Metformin Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes Yes Yes. Yes. No Yes Yes No No Yes Yes Yes. Yes Yes Yes
(Glitazone No No No No No No No No No No Yes No No No No No No No No No No No Yes. No No No No No No No No Yes No No
Sulfonylurea No No No Yes No No No No No No No No No Yes No No No Yes No No No No No No Yes No No Yes No No No No No No
|Glinid No No No No No No No No Yes No No No No No No No No No No No No No No No No No No No No No No No No No
DPP4i No No No No No No No No No No No Yes No No Yes Yes No No No No No No No Yes No Yes No Yes No No No No No No
|GLP-1 RA No  No | No No Mo Yes Mo No No No MNo No No | No No No No No No  No_ Mo No Yes No  Yes | No | No No No No  No  No Yes No
[cuDKA symptoms

Nausea No No Yes No No Yes No No Yes Yes Yes Yes NR NR NR NR NR NR NR NR No Yes No No Yes No Yes No Yes Yes Yes Yes No
Emesis Yes No Yes No No Yes No No Yes Yes No No NR NR NR NR NR NR NR NR No Yes. No No Yes Yes Yes No No No No Yes No
Abdominal pain Yes No No No No Yes No No No No Yes No NR NR NR NR NR NR NR NR Yes. Yes. No No Yes Yes No No No Yes No Yes Yes
|Asthenia No No No No No No Yes Yes No Yes Yes No NR NR NR NR NR NR NR NR No No No No No No No Yes No No No Yes. No
Polyuria No No No No No No No Yes No No No No NR NR NR NR NR NR NR NR No No Yes Yes No No No No No No No No No
|Acetone breath No No No No No No No No Yes No No No NR NR NR NR NR NR NR NR No No No No No No No No No No No No No
Weight loss No No | No No No No No  Yes No Yes No No | NN NR NR NR NR NR NR NR No No No  No | No | No No No No No No No No
Poor oral intake Yes No No No No No Yes No No No Yes Yes NR NR NR NR NR NR NR NR No No No No No Yes No No No No No No No
Malise No o No | No No Mo No Ye  Noo Mo Yo No Y | NN MR ONR NRNR NRNR MR Yes No No o No | No | No Mo No No o No  No  No No
|Syncope No No No No No No No No No No No No NR NR NR NR NR NR NR NR No No No No No No No No No No No No No
| Dizziness No No No No No No No No No No No No NR NR NR NR NR NR NR NR No No No No No No No No No No No No No
| Altered mental status No No No No No No No No No Yes No No NR NR NR NR NR NR NR NR Yes No No No No No No No No Yes No No No
Dehydration No No No No No No No No No No Yes Yes NR NR NR NR NR NR NR NR No No No No Yes No No No No No No No No
| Tachypnea No No Yes Yes Yes Yes Yes No No Yes No No NR NR NR NR NR NR NR NR Yes No No No No Yes No No No No No No No
| Tachycardia No No No No No Yes Yes No No Yes No No NR NR NR NR NR NR NR NR Yes No No No Yes No No No No No Yes No Yes
|Biochimi ing euDKA

Blood glucose (mg/dL) 343 250 216 1 172 m 178 280 238 12 198 157 151 336 248 522 1225 174 270 535 299 202 24 225 203 150 169 202 3 235 203 400 148
ALC (%) NR 1.7 92 76 64 106 7 9 94 94 82 134 56 638 9.6 134 93 6.5 102 NR 12 71 82 73 71 98 78 82 121 2 114 124 NR
|A1C (mmol/mol) NR 104 77 596 596 92 722 734 774 80 666 1235 386 51 81 12: 78 48 88 NR 107.7 54 66 56 544 836 62 66 109 108 92 1n NR
ipH 6.8 73 72 73 73 7.08 72 NR 74 16 7 73 74 NR 73 72 73 NR 71 69 69 715 NR NR 73 71 NR 73 74 72 7 72 702
PCO2 (mmHg) NR NR 32 36 32 19.1 201 NR 289 288 69 296 40 NR NR NR NR NR NR NR 9 195 NR NR 21 NR NR 13 316 16.2 204 20 NR
Bicarbonates (mmol/L) 6 14 14 7 16 56 103 2 2 18 17 19 2 6 14 11 14 138 77 7 18 75 15 16 109 10 14 15 16 9 8 9 18
| Anionic gap (mmol/L) 28 18 15 14 12 194 19 NR 19 21 30 7 18 40 32 34 26 24 26 42 31 249 19 19 29 17 18 25 19 24 23 2 238
|Capillary blood p-hydroxybutyrates (mmol/L) NR NR 53 46 09 NR 6 3 19 1.6 6.4 64 13 NR 58 6 7 7 62 7 NR NR 462 49 NR NR NR 8 NR NR NR NR 16
|Capillary blood p-hydroxybutyrates elevation NR NR Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes NR Yes Yes Yes Yes Yes Yes NR NR Yes Yes No Yes Yes Yes Yes Yes Yes Yes. Yes.
Lactate (mmol/L) NR NR 11 14 28 18 14 NR 12 115 21 12 14 NR NR NR NR NR NR NR 13 NR NR NR 11 NR 14 NR NR NR NR NR 16
Creatinin elevation No No Yes No No No No Yes No No Yes No No NR NR NR NR NR NR NR Yes. NR NR NR Yes No No No NR NR NR NR No
|Creatinin (mg/dL) NR NR 15 0.6 06 NR 048 23 08 0.78 13 0.8 1 NR NR NR NR NR NR NR 1.7 NR NR NR 133 12 08 14 NR NR NR NR 08
|C-Peptide (nmol/L) NR NR NR NR NR NR 1 12 06 11 02 0.5 02 NR NR NR NR NR NR NR 043 NR NR NR NR 14 NR 06 NR NR NR NR NR
|Risk factors described for euDKA

Prolonged fast Yes No Yes Yes Yes No No No Yes Yes Yes Yes Yes No No No No No No No No No No No No Yes No No Yes No No No No Yes
Physical exercice No No No No No No No No No No No No No No No No No No No No No No No No No No No No No No No No No No
Acute infection Yes Yes No No No No Yes No No No Yes No No Yes No No Yes No Yes Yes No Yes No No No No No No No Yes No No Yes Yes
Alcohol No No No No No No No No No No No No No No No No No No No No No No No No No No No No No No No No No No
| Diet change No No No No No No No No No No No No No Yes No No No No No No No Yes. No No No No No No No No No No No No
Insulopenia No No No No No No No No No No No No No Yes No No No No No No No Yes. Yes. No No No No No No No No No No No
Reducing or stopping insulin Yes No No No No No No No No No No No No Yes No No No No No Yes No No No No No No No No No No No No No No
Surgery Yes  Yes | Yes  Yes  Yes No No No No No No No No | No No No No Yes No Yes No No No Yes  Yes | No | Yes = Yes No No No No No No
Deshydratation Ye  No | No N No Yes No No No No No No Yes | No No No No No Yes No No Yes No No o No | No | No Mo No No o No N No No
|Corticoid No No No No No No No No. No No. No No No No. No No. No No Yes No No No No No No No No No No No No No No No

BMI = body mass index; SGLT2: - Sodium glucose transporter 2 inhibitors; euDKA - uglycemic diabetic ketoacidosis: DPP4i : Dipeptidyl peptidase-4 nhibitors; GLP-1 ; Glucagon-like peptide-1; A1C = Haemoglobin Alc
NR : Not reported. For 14 euDKA ™" confirmed, the pH reported is expressed as an average (+ IQR), unfortunately pH is not included for each case. For this reason, we did not use this average pH in our statistics.
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Table 2

Clinical characteristics, drugs used and biochemical values of T2DM patients treated with SGLT2i and diagnosed with euglycaemic diabetic ketoacidosis.
Agent All canagliflozin dapagliflozin empagliflozin
Baseline characteristics mean + SD (n) or n (%)
Total number of T2DM patients diagnosed with euDKA 72 12 (16.7) 31 (43.1) 29 (40.3)
Age (years) 576 =+ 149 572 +13.11 558 + 174 60.8 + 125
Gender (Male/Female) 37/35 5/7 13/18 19/10
Diabetes duration (years) 122 +£99 (56) 81 +73 (10) 11.7 +£9.1 (24) 147 + 114 (22)
BMI (kg/m?) 276 +62 (36) 319 +76 (9) 258 +6.1 (13) 265 +39 (14)
Glucose-lowering drugs
Number of patients: 72 12 31 29
Insulin 26 (36.1) 5 (41.6) 9 (29.0) 12 (41.3)
Oral antidiabetic drugs: 58 (80.5) 11 (91,6) 25 (80.6) 22 (75.8)
- Biguanides 51 (88.0) 6 (54,5) 24 (96.0) 21 (95.4)
- DPP4is 16 (27.6) 4 (36.3) 8 (32.0) 4 (18.1)
- Sulfonylureas 10 (17.2) 1 (9.1) 6 (24.0) 3 (13.6)
- GLP-1 receptor agonists 5 (86) 1 9.1) 1 (4.0) 3 (13.6)
- Glitazones 3 (52) 1 9.1) 0 o) 2 (9.0)
- Glinides 1 (1.7) 0 o) 1 4) 0 (0)
- Not reported 14 (24.1) 1 9.1) 6 (24.0) 7 (31.8)
SGLT2is use before euDKA (days) 30 to 885 (11) 14to 730 (19) 1 to 2690 (16)
Number of patients with described comorbidities: 38 11 9 18
- GFR <60, micro or macroalbuminuria 3 (7.8) 1 (9.0) 0 ) 2 (11.1)
- Cardiovascular disease 7 (184) 1 (9.0) 3 (33.0) 3 (16.6)
Number of patients with symptoms and clinical manifestations on 50 11 19 20

admission

Symptom
- Nausea 24 (48) 7 (63.6) 5 (26.3) 12 (60.0)
- Stomach-area (abdominal) pain 19 (38) 3 (272) 5 (26.3) 11 (55.0)
- Emesis 18 (36) 5 (454) 4 (21.0) 9 (45.0)
- Appetite disorders 11 22) 4 (36.3) 2 (10.5) 5 (25.0)
- Asthenia 10 (20) 4 (36.3) 2 (10.5) 4 (20.0)
- Polyuria 5 (10) 1 (9.0) 2 (10.5) 1 (5.0)
- Weakness 5 (10) 1 (9.0) 0 0) 4 (20.0)
- Weight loss 2 4) O o) 1 (52) 1 (5.0)
- Acetone smell in exhaled air 1 2) o o) 1 (5.2) 0 (0)
Clinical manifestation
- Tachypnea 17 (34.0) 5 (45.0) 3 (16.0) 9 (45.0)
- Tachycardia 15 (30.0) 5 (45.0) 3 (16.0) 7 (35.0)
-Dehydration 7 (14.0) 0 o) 2 (11.0) 5 (25.0)
- Consciousness disorders 5 (10.0) 2 (18.0) 0 ) 3 (15.0)
- Respiratory rate (breaths/min) 237 +106 (10) 26 +72 (3) 227 +5 (3) 228 +168 (4)
- Heart rate (bpm) 1129 + 19 (15) 1228 +269 (5) 1167 +11.7 (3) 1043 +12 (7)
Biochemical parameters
A1C (%) 89 +22 (63) 94 +22 (11) 93 +23 (26) 85 +22 (26)
A1C (mmol/mol) 745 + 238 (63) 78 +£233 (11) 781 +238 (26) 695 +24 (26)
Blood glucose (mg/dL) 282.8 + 159.2 (58) 2603 + 133.7 (11) 299 + 159.6 (25) 275.7 + 174.7 (25)
pH 72 +017 (51)* 72 +015 (9) 72 +013 (21) 72 +£02 (21)
PCO2 (mmHg) 224 +9 (29) 227 +8 (8) 207 =75 (6) 229 + 105 (15)
Bicarbonates (mmol/L) 104 +58 (58) 109 +43 (11) 103 +57 (25) 103 +68 (22)
Anionic gap (mmol/L) 248 +7.7 (55) 214 +59 (11) 271 +69 (23) 239 +87 (21)
Capillary B-hydroxybutyrate (mmol/L) 5 +23 (30 54 +07 ((3) 53 +21 (16) 44 +28 (11)
Lactate (mmol/L) 1.7 +13 (23) 28 +28 (4 12 +026 (6) 16 +07 (13)
Creatinine (mg/dL) 12 +05 (42) 11 +07 (5) 12 +05 (16) 12 +04 (14)
C-peptide (nmol/L) 059 +£035 (19) 1.2 +03 (2) 05 +£03 (11) 05 =+03 (6)

T2DM: Type 2 diabetes mellitus; euDKA: euglycaemic diabetic ketoacidosis; BMI = body mass index; SGLT2i: Sodium glucose transporter 2 inhibitor; euDKA: euglycemic

diabetic ketoacidosis.

DPP4i: Dipeptidyl peptidase-4 inhibitor; GLP-1: Glucagon-like peptide-1; A1C = Haemoglobin Alc.
In addition, for 14 euDKA(30)confirmed, the pH reported is expressed as an average (+IQR), unfortunately pH is not included for each case. For this reason, we did not use this

average pH in our statistics.

2 If the number of pH, bicarbonate or ketones is not equal to 72, it is because in 7 articles, the pH value is not present, on the other hand the presence or the value ketone and

HCO3 are present (see Table 1).

SGLT2is in our review.

In most of the described case reports, the euDKA is character-
ized biologically by moderate hyperglycemia (<250 or 300 mg/dl
(13.8 or 16.65 mmol/L)) with increase serum anion gap level (range
of normal values often 8—10 mEq/L), and accumulation of ketone
bodies (hydroxybutyric acid), for which the pathological threshold
is > 0.6 mmol/l. The average HbAic at admission was elevated,
indicating perfectible glycemic control over the course of 2—3
months preceding the euDKA episode.

We also demonstrated that metabolic acidosis was not related to
lactic acidosis (as in the case of biguanides), indeed lactatemia was
not high, and the correlation was not significant between pH and
lactatemia (p = 0.47) whereas it was significant between pH and §-
OHB. Moreover, glycemic levels at admission did not necessarily
reflect the severity of the euDKA [35], we did not find significant
correlations between glycaemia and pH or levels of B-OHB (Fig. 2).

This review confirms the relevance of assaying capillary ketones
(B-OHB) and pH to establish a suspected diagnosis of euDKA in
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Fig. 1. Frequency (%) of conditions associated with euDKA in patients with T2DM treated with SGLT2i.
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Fig. 2. Correlation between pH and clinical or labs variables associated with euDKA.

patients treated with SGLT2is. It needs to be kept in mind, however,
that confounding incorrectly low results of B-OHB can occur in
patients who are dehydrated, hypotensive, in a state of shock, or
exhibiting a hyperosmolar hyperglycemic syndrome.

In terms of the triggering events associated with euDKA, we

noted that physical stresses such as a surgical intervention or a
severe infection, prolonged fasting, or a reduction of insulin dosage
represent most conditions identified as likely promoters of euDKA
(Fig. 1). The role of these enabling factors is best explained by
several pathophysiological mechanisms involving (i) a change in
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the insulin/glucagon ratio, (ii) an accumulation of ketone bodies,
and/or (iii) a decrease in the blood volume.

(i) Insulin/glucagon ratio

The euDKA occurs preferentially in diabetic patients exhibiting
reduced residual insulin secretion (e.g., long-lasting T2DM with
low C-peptide or LADA) or secondary diabetes in the context of
acute/chronic pancreatitis, or even because of prolonged fasting
[34—36].

In such diabetics, the risk of euDKA is greater, as SGLT2i selec-
tively decrease the insulin/glucagon ratio. Indeed, because of their
mode of action, SGLT2i produce a substantial glycosuria. The
glucose-lowering effect of SGLT2i, which is in the order of
20—25 mg/dL (1.11-1.39 mmol/L) after fasting or postprandially,
decreases the stimulus for insulin production by the f cells [37].
This decrease in endogenous (or exogenous) insulin leads to a
reduction in portal and systemic insulinemia, with a corresponding
decrease of glucose entry into target tissues in which glucose entry
is mediated by insulin, eventually leading to increased lipolysis in
white adipose tissue; raised levels of free fatty acids; and increased
hepatic ketogenesis. Furthermore, an increase in glucagonemia was
observed with SGLT2i, which enhances the expression of the pre-
proglucagon gene by a direct effect on pancreatic o cells. This
relative SGLT2i-driven hyperglucagonemia promotes, in the liver,
the secretion of kisspeptin-1, which in turn inhibits residual insulin
secretion. Hence an increase in glucagonemia can, besides an effect
on the denominator of the insulin/glucagon ratio, potentially
reduce the absolute insulinemia by decreasing residual insulin
[38—41].

(ii). Accumulation of ketone bodies

It was also hypothesized that SGLT2is can decrease kidney
clearance of ketone bodies, as well as promote their systemic
accumulation. Indeed, phlorizin, a non-selective inhibitor of the
SGLT1 and SGLT2 cotransporters, increases renal tubular reab-
sorption of acetoacetate, a ketone body [42].These two mechanisms
(i) and (ii) combined lead to the accumulation of ketone bodies,
even when blood glucose levels are barely increased [40].

(iii) . Hypovolemia

SGLT2is promote hypovolemia via glycosuria and natriuresis.
This hypovolemia induced by enhanced diuresis leads to direct
activation of f1-adrenergic receptors, resulting in glucagon release
and secretion of counter-regulatory hormones (cortisol and cate-
cholamines), the latter exacerbating lipolysis and ketogenesis [43].

A combination of the three conditions (i), (ii), and (iii) can be
encountered during surgical intervention, hemorrhagic shock, and/
or severe sepsis [44].

Lastly, recent studies have shown that there can be a degree of
variability in the expression of SGLT2 receptors, which contributes
to a degree of variability in the pharmacological responses to
SGLT2i [45,46].

Therefore, on 19 March 2020, the FDA [47] proposed stopping
SGLT2is, 3 or 4 days (3 days for dapagliflozin, empagliflozin, and
canagliflozin, or 4 days for ertugliflozin) before surgery under
general anesthesia. Given that the average half-life of SGLT2 is
approximately 12.5 h, it suggests that clinicians suspend SGLT2i for
a period longer than 48 h prior to a major surgical intervention to
ensure complete elimination of the medication before the surgery.

Subsequent resumption of SGLT2is should be envisaged on a
case-by-case basis, once the acute period (surgery, sepsis, and
fasting) has ended. However, according to some medical societies

Diabetes & Metabolic Syndrome: Clinical Research & Reviews 15 (2021) 102275

[48], once euDKA has been diagnosed, it is recommended to dis-
continue forever the SGLT2is.

Our review of the literature confirms the results of previous
publications [34,49] as regards the symptoms, laboratory values,
and the clinical presentation of euDKA in patients with T2DM. We
also show that euDKA occurs in middle-aged patients with on
average more than ten years of diabetes, even in the absence of
cardiac or renal comorbidities.

The strengths of this review are the number of described cases,
exclusively with T2DM; the analysis of individual data; and the fact
of having quantified the metabolic severity of euDKA based on the
levels of B—OHB, in addition to the glycemic values at admission.
Lastly, we show for the first time that despite the substantial use of
metformin in these patients, lactic acidosis was an unlikely driver
to the metabolic acidosis. We also found the same frequency of
predisposing factors for euDKA as reported previously, except for
LADA, because these clinical cases were not retained [34].

Our study has several limitations.

Although an in-depth literature search was carried out, not all
articles regarding euDKA and SGLT2is could be identified. Our
survey only involved one bibliographic database in two languages.
The collected data are, therefore, limited, which makes it hard to
apply the conclusions to the entire population of people with T2DM
treated with SGLT2is. Although it has some limitations, this study
was able to assemble a compilation of information based on the
published literature detailing the cases of euDKA in patients with
T2DM.

5. Conclusion

The increasing use of SGLT2is can in certain situations be asso-
ciated with euDKA. Health professionals need to be more aware of
this diagnosis in patients taking these medications and exhibiting
unexplained symptoms such as nausea, vomiting, and abdominal
pain. Probing for ketonuria or ketonemia should be undertaken in
patients exhibiting the above-mentioned symptoms, even in the
absence of frank hyperglycemia. SGLT2is should be used cautiously
in certain patients exhibiting known risk factors predisposing to
euDKA.

This article was presented at the Société Francophone du Dia-
bete (SFD 2020), September 8—11, 2020.

Ethics approval and consent to participate

No applicable.

Availability of data and material

Available by request to the corresponding author.

Funding

None.

Authors' contributions

NM and PO independently performed the literature search.
NM, PO, and MPH drafted, revised, and finalized the manuscript.

Declaration of competing interest

The other authors declare that they have no conflict of interest.



N. Menghoum, P. Oriot and M.P. Hermans

Acknowledgements

None.

References

(11

2

i3

[4

[5

[6

(7

(8

(9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Davies M], D'Alessio DA, Fradkin |, Kernan WN, Mathieu C, Mingrone G, et al.
Management of hyperglycaemia in type 2 diabetes, 2018. A consensus report
by the American diabetes association (ADA) and the European association for
the study of diabetes (EASD). Diabetologia 2019;61(12):2461—98.

Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, et al. EMPA-
REG OUTCOME investigators. Empagliflozin, cardiovascular outcomes, and
mortality in type 2 diabetes. N Engl ] Med 2015 Nov 26;373(22):2117—-28.
https://doi.org/10.1056/NEJMoa1504720. Epub 2015 Sep 17. PMID: 26378978.
Neal B, Perkovic V, Matthews DR. Canagliflozin and cardiovascular and renal
events in type 2 diabetes. N Engl ] Med 2017 Nov 23;377(21):2099. https://
doi.org/10.1056/NEJMc1712572. PMID: 29166232.

Wiviott SD, Raz I, Bonaca MP, Mosenzon O, Kato ET, Cahn A, et al. DECLARE-
—TIMI 58 investigators. Dapagliflozin and cardiovascular outcomes in type 2
diabetes. N Engl ] Med 2019 Jan 24;380(4):347—57. https://doi.org/10.1056/
NEJMoa1812389. Epub 2018 Nov 10. PMID: 30415602.

Alexander Lisa D, Yu Catherine. Diabetic ketoacidosis in a patient with type 2
diabetes on canagliflozin and dexamethasone. AACE Clinical Case Reports
volume September 01, 2017;3(4):p331-5.

Badwal K, Tariq T, Peirce D. Dapagliflozin-associated euglycemic diabetic
ketoacidosis in a patient presenting with acute pancreatitis. Case Rep Endo-
crinol 2018;2018:6450563. https://doi.org/10.1155/2018/6450563. Published
2018 Aug 7.

Benmoussa Jamila A, Clarke Matthew, Penmetsa Amulya, Khine Le Yu,
Leykina Lina, Diaz Keith, et al. Euglycemic diabetic ketoacidosis: the clinical
concern of SGLT2 inhibitors. Journal of Clinical and Translational Endocri-
nology: Case Reports 2016;2:17-9. https://doi.org/10.1016/j.jecr.2016.05.002.
ISSN 2214-6245.

Bonora BM, Avogaro A, Fadini GP. Sodium-glucose co-transporter-2 inhibitors
and diabetic ketoacidosis: an updated review of the literature. Diabetes Obes
Metab 2018 Jan;20(1):25—33. https://doi.org/10.1111/dom.13012. Epub 2017
Jul 6. PMID: 28517913.

Chou YM, Seak (], Goh ZNL, Seak ]C, Seak CK, Lin CC. Euglycemic diabetic
ketoacidosis caused by dapagliflozin: a case report. Medicine (Baltim) 2018
Jun;97(25):e11056. https://doi.org/10.1097/MD.0000000000011056. PMID:
29923997; PMCID: PMC6023663.

Diaz-Ramos A, Eilbert W, Marquez D. Euglycemic diabetic ketoacidosis asso-
ciated with sodium-glucose cotransporter-2 inhibitor use: a case report and
review of the literature. Int ] Emerg Med 2019 Sep 5;12(1):27. https://doi.org/
10.1186/s12245-019-0240-0. PMID: 31488052; PMCID: PMC6727509.
Fukuda M, Nabeta M, Muta T, Fukami K, Takasu O. Euglycemic diabetic
ketoacidosis caused by canagliflozin: a case report. Int ] Emerg Med 2020 Jan
22;13(1):2. https://doi.org/10.1186/s12245-020-0261-8. PMID: 31969112;
PMCID: PMC6977311.

Gajjar K, Luthra P. Euglycemic diabetic ketoacidosis in the setting of SGLT2
inhibitor use and hypertriglyceridemia: a case report and review of literature.
Cureus 2019 Apr 4;11(4):e4384. https://doi.org/10.7759/cureus.4384. PMID:
31218148; PMCID: PMC6553675.

Hernandez-Quiles C, Ramirez-Duque N, Ketoacidosis Acosta-Delgado D. Due
to empagliflozin, a paradigm shift: case report and review of literature. Curr
Diabetes Rev 2019;15(4):259—-62. https://doi.org/10.2174/
1573399814666180726114044. PMID: 30047331.

Lin YH. Sodium-glucose cotransporter-2 inhibitors induced eu-glycemic dia-
betic ketoacidosis: the first report in a type 2 diabetic (T2DM) Taiwanese and
literature review of possible pathophysiology and contributing factors.
J Formos Med Assoc 2018 Sep;117(9):849—54. https://doi.org/10.1016/
j.jfma.2018.02.004. Epub 2018 Feb 21. PMID: 29477576.

Nappi F, La Verde A, Carfora G, Garofalo C, Provenzano M, Sasso FC, et al.
Nephrology consultation for severe SGLT2 inhibitor-induced ketoacidosis in
type 2 diabetes: case report. Medicina 2019 Aug 10;55(8):462. https://doi.org/
10.3390/medicina55080462. PMID: 31405158; PMCID: PMC6723212.
Papadokostaki E, Liberopoulos E. Euglycemic diabetic ketoacidosis secondary
to dapagliflozin in a patient with colon malignancy. Case Rep Endocrinol 2019
May  6;2019:3901741.  https://doi.org/10.1155/2019/3901741.  PMID:
31198610; PMCID: PMC6526544.

Pujara S, loachimescu A. Prolonged ketosis in a patient with euglycemic dia-
betic ketoacidosis secondary to dapagliflozin. 2324709617710040 ] Investig
Med High Impact Case Rep 2017 May 24;5(2). https://doi.org/10.1177/
2324709617710040. PMID: 28589154; PMCID: PM(C5446101.

Rashid Owais, Farooq Saad, Kiran Zareen, Islam Najmul. Euglycaemic diabetic
ketoacidosis in a patient with type 2 diabetes started on empagliflozin. BMJ
Case Rep 2016 May 13;2016. https://doi.org/10.1136/bcr-2016-215340.
bcr2016215340.

Yeo Sang Mok, Park Hayeon, Hyuk Paek Jin, Park Woo Yeong, Han Seungyeup,
Park Sung Bae, et al. Ketoacidosis with euglycemia in a patient with type 2
diabetes mellitus taking dapagliflozin: a case report. Medicine (Baltim) 2019
Jan;98(3):e14150. https://doi.org/10.1097/MD.0000000000014150.

Chacko B, Whitley M, Beckmann U, Murray K, Rowley M. Postoperative

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

[33]

[34]

[35]

(36]

[37]

[38]

Diabetes & Metabolic Syndrome: Clinical Research & Reviews 15 (2021) 102275

euglycaemic diabetic ketoacidosis associated with sodium-glucose cotrans-
porter-2 inhibitors (gliflozins): a report of two cases and review of the liter-
ature. Anaesth Intensive Care 2018 Mar;46(2):215-9. https://doi.org/10.1177/
0310057X1804600212. PMID: 29519226.

Dull RB, Spangler ML, Knezevich EL, Lau BM. Euglycemic diabetic ketoacidosis
associated with sodium-glucose cotransporter type 2 inhibitors in patients
with type 2 diabetes mellitus receiving oral therapy. J Pharm Pract 2019
Apr;32(2):240—3. https://doi.org/10.1177/0897190017748049. Epub 2017
Dec 14. PMID: 29241389.

Jhaveri U, Vardesh D. Sodium-glucose cotransporter-2 inhibitors and eugly-
caemic diabetic ketoacidosis in the perioperative period: case report. Cureus
2019;11(8):e5455. https://doi.org/10.7759/cureus.5455. Published 2019 Aug
21.

Pace DJ, Dukleska K, Phillips S, Gleason V, Yeo (]. Euglycemic diabetic
ketoacidosis due to sodium-glucose cotransporter 2 inhibitor use in two pa-
tients undergoing pancreatectomy. ] Pancreat Cancer 2018 Nov 15;4(1):95-9.
https://doi.org/10.1089/pancan.2018.0016. PMID: 30631862; PMCID:
PMC6319615.

Peters AL, Buschur EO, Buse ]JB, Cohan P, Diner ]C, Hirsch IB. Euglycemic dia-
betic ketoacidosis: a potential complication of treatment with sodium-glucose
cotransporter 2 inhibition. Diabetes Care 2015 Sep;38(9):1687—93. https://
doi.org/10.2337/dc15-0843. Epub 2015 Jun 15. PMID: 26078479; PMCID:
PM(C4542270.

Lau A, Bruce S, Wang E, Ree R, Rondi K, Chau A. Perioperative implications of
sodium-glucose cotransporter-2 inhibitors: a case series of euglycemic dia-
betic ketoacidosis in three patients after cardiac surgery. English Can ]
Anaesth 2018 Feb;65(2):188—93. https://doi.org/10.1007/s12630-017-1018-
6. Epub 2017 Nov 22. PMID: 29168157.

Sharma PV, Jobanputra YB, Lewin K, Bagatell S, Lichtstein DM. Diabetic
ketoacidosis in patients with type 2 diabetes on sodium-glucose cotrans-
porter-2 inhibitors - a case series. Rev Recent Clin Trials 2018;13(2):156—60.
https://doi.org/10.2174/1574887113666180314101436. PMID: 29542418.
Menghoum N, Oriot P, Hermans M-P, Mariage ]-L. Diabetic euglycemic ketosis
or ketoacidosis in individuals with type 2 diabetes treated by SGLT2 in-
hibitors: a series of Belgian clinical cases. Rev Med Interne 2020 Apr;41(4):
226-31. https://doi.org/10.1016/j.revmed.2019.12.006.

Meyer EJ, Gabb G, Jesudason D. SGLT2 inhibitor-associated euglycemic dia-
betic ketoacidosis: a south Australian clinical case series and Australian
spontaneous adverse event notifications. Diabetes Care 2018 Apr;41(4):
e47-9. https://doi.org/10.2337/dc17-1721.

Jeon JY, Kim SK, Kim KS, Song SO, Yun JS. Kim BY, et al; DKA Study Group of
Gyeonin Branch of the Korean Diabetes Association. Clinical characteristics of
diabetic ketoacidosis in users and non-users of SGLT2 inhibitors. Diabetes
Metab 2019 Oct;45(5):453—7. https://doi.org/10.1016/j.diabet.2019.01.001.
Epub 2019 Jan 9. PMID: 30639566.

Hamblin PS, Wong R, Ekinci El, Fourlanos S, Shah S, Jones AR, et al. SGLT2
inhibitors increase the risk of diabetic ketoacidosis developing in the com-
munity and during hospital admission. ] Clin Endocrinol Metab 2019 Aug
1;104(8):3077—87. https://doi.org/10.1210/jc.2019-00139. PMID: 30835263.
U.S. Food and Drug Administration. Drug Safety Communication: FDA warns
that SGLT2 inhibitors for diabetes may result in a serious condition of too
much acid in the blood [Internet], Available from, http://www.fda.gov/
downloads/Drugs/DrugSafety/UCM446954.pdf. [Accessed 22 June 2015].
European Medicines Agency (EMA) confirms recommendations to minimize
ketoacidosis risk with SGLT2 inhibitors for diabetes. Available from, https://
www.ema.europa.eu/en/medicines/human/referrals/sglt2-
inhibitorsoc&eacute;tose; 2019 March 10.

Zelniker TA, Wiviott SD, Raz I, Im K, Goodrich EL, Bonaca MP, et al. SGLT2
inhibitors for primary and secondary prevention of cardiovascular and renal
outcomes in type 2 diabetes: a systematic review and meta-analysis of car-
diovascular outcome trials. Lancet 2019 Jan 5;393(10166):31—-9. https://
doi.org/10.1016/S0140-6736(18)32590-X. Epub 2018 Nov 10. Erratum in:
Lancet. 2019 Jan 5;393(10166):30. PMID: 30424892.

Burke KR, Schumacher CA, Harpe SE. SGLT2 inhibitors: a systematic review of
diabetic ketoacidosis and related risk factors in the primary literature. Phar-
macotherapy 2017 Feb;37(2):187—94. https://doi.org/10.1002/phar.1881.
Epub 2017 Jan 16. PMID: 27931088.

Peters AL, Buschur EO, Buse B, Cohan P, Diner ]C, Hirsch IB. Euglycemic dia-
betic ketoacidosis: a potential complication of treatment with sodium-glucose
cotransporter 2 inhibition. Diabetes Care 2015 Sep;38(9):1687—93. https://
doi.org/10.2337/dc15-0843. Epub 2015 Jun 15. PMID: 26078479; PMCID:
PM(C4542270.

Hine ], Paterson H, Abrol E, Russell-Jones D, Herring R. SGLT inhibition and
euglycaemic diabetic ketoacidosis. Lancet Diabetes Endocrinol 2015 Jul;3(7):
503—4. https://doi.org/10.1016/S2213-8587(15)00204-1. Epub 2015 May 27.
PMID: 26025388.

Schwartz SS, Epstein S, Corkey BE, Grant SF, Gavin 3rd JR, Aguilar RB. The time
is right for a new classification system for diabetes: rationale and implications
of the B-cell-centric classification schema. Diabetes Care 2016 Feb;39(2):
179-86. https://doi.org/10.2337/dc15-1585. PMID: 26798148; PMCID:
PM(5317235.

Ferrannini E, Muscelli E, Frascerra S, Baldi S, Mari A, Heise T, et al. Metabolic
response to sodium-glucose cotransporter 2 inhibition in type 2 diabetic
patients. J Clin Invest 2014 Feb;124(2):499—-508. https://doi.org/10.1172/
JC172227. Epub 2014 Jan 27. Erratum in: J Clin Invest. 2014 Apr 1;124(4):1868.


http://refhub.elsevier.com/S1871-4021(21)00295-2/sref1
http://refhub.elsevier.com/S1871-4021(21)00295-2/sref1
http://refhub.elsevier.com/S1871-4021(21)00295-2/sref1
http://refhub.elsevier.com/S1871-4021(21)00295-2/sref1
http://refhub.elsevier.com/S1871-4021(21)00295-2/sref1
https://doi.org/10.1056/NEJMoa1504720
https://doi.org/10.1056/NEJMc1712572
https://doi.org/10.1056/NEJMc1712572
https://doi.org/10.1056/NEJMoa1812389
https://doi.org/10.1056/NEJMoa1812389
http://refhub.elsevier.com/S1871-4021(21)00295-2/sref5
http://refhub.elsevier.com/S1871-4021(21)00295-2/sref5
http://refhub.elsevier.com/S1871-4021(21)00295-2/sref5
http://refhub.elsevier.com/S1871-4021(21)00295-2/sref5
https://doi.org/10.1155/2018/6450563
https://doi.org/10.1016/j.jecr.2016.05.002
https://doi.org/10.1111/dom.13012
https://doi.org/10.1097/MD.0000000000011056
https://doi.org/10.1186/s12245-019-0240-0
https://doi.org/10.1186/s12245-019-0240-0
https://doi.org/10.1186/s12245-020-0261-8
https://doi.org/10.7759/cureus.4384
https://doi.org/10.2174/1573399814666180726114044
https://doi.org/10.2174/1573399814666180726114044
https://doi.org/10.1016/j.jfma.2018.02.004
https://doi.org/10.1016/j.jfma.2018.02.004
https://doi.org/10.3390/medicina55080462
https://doi.org/10.3390/medicina55080462
https://doi.org/10.1155/2019/3901741
https://doi.org/10.1177/2324709617710040
https://doi.org/10.1177/2324709617710040
https://doi.org/10.1136/bcr-2016-215340
https://doi.org/10.1097/MD.0000000000014150
https://doi.org/10.1177/0310057X1804600212
https://doi.org/10.1177/0310057X1804600212
https://doi.org/10.1177/0897190017748049
https://doi.org/10.7759/cureus.5455
https://doi.org/10.1089/pancan.2018.0016
https://doi.org/10.2337/dc15-0843
https://doi.org/10.2337/dc15-0843
https://doi.org/10.1007/s12630-017-1018-6
https://doi.org/10.1007/s12630-017-1018-6
https://doi.org/10.2174/1574887113666180314101436
https://doi.org/10.1016/j.revmed.2019.12.006
https://doi.org/10.2337/dc17-1721
https://doi.org/10.1016/j.diabet.2019.01.001
https://doi.org/10.1210/jc.2019-00139
http://www.fda.gov/downloads/Drugs/DrugSafety/UCM446954.pdf
http://www.fda.gov/downloads/Drugs/DrugSafety/UCM446954.pdf
https://www.ema.europa.eu/en/medicines/human/referrals/sglt2-inhibitorsoc&eacute;tose
https://www.ema.europa.eu/en/medicines/human/referrals/sglt2-inhibitorsoc&eacute;tose
https://www.ema.europa.eu/en/medicines/human/referrals/sglt2-inhibitorsoc&eacute;tose
https://www.ema.europa.eu/en/medicines/human/referrals/sglt2-inhibitorsoc&eacute;tose
https://doi.org/10.1016/S0140-6736(18)32590-X
https://doi.org/10.1016/S0140-6736(18)32590-X
https://doi.org/10.1002/phar.1881
https://doi.org/10.2337/dc15-0843
https://doi.org/10.2337/dc15-0843
https://doi.org/10.1016/S2213-8587(15)00204-1
https://doi.org/10.2337/dc15-1585
https://doi.org/10.1172/JCI72227
https://doi.org/10.1172/JCI72227

N. Menghoum, P. Oriot and M.P. Hermans

[39]

[40]

[41]

[42]

[43]

[44]

[45]

PMID: 24463454; PMCID: PMC3904627.

Foster DW. Malonyl-CoA: the regulator of fatty acid synthesis and oxidation.
J Clin Invest 2012 Jun;122(6):1958—9. https://doi.org/10.1172/jci63967.
PMID: 22833869; PMCID: PMC3366419.

Taylor SI, Blau JE, Rother KI. SGLT2 inhibitors may predispose to ketoacidosis.
J Clin Endocrinol Metab 2015;100(8):2849—52.

Song WJ, Mondal P, Wolfe A, Alonso LC, Stamateris R, Ong BW, et al. Glucagon
regulates hepatic kisspeptin to impair insulin secretion. Cell Metabol 2014 Apr
1;19(4):667—81. https://doi.org/10.1016/j.cmet.2014.03.005. PMID:
24703698; PMCID: PMC4058888.

Cohen JJ, Berglund F, Lotspeich WD. Renal tubular reabsorption of acetoace-
tate, inorganic sulfate and inorganic phosphate in the dog as affected by
glucose and phlorizin. Am J Physiol 1956;184(1):91—6.

Perry R], Rabin-Court A, Song ]JD, Cardone RL, Wang Y, Kibbey RG, et al.
Dehydration and insulinopenia are necessary and sufficient for euglycemic
ketoacidosis in SGLT2 inhibitor-treated rats. Nat Commun 2019 Feb 1;10(1):
548. https://doi.org/10.1038/s41467-019-08466-w. PMID: 30710078; PMCID:
PMC6358621.

Desborough JP. The stress response to trauma and surgery. Br ] Anaesth 2000
Jul;85(1):109—17. https://doi.org/10.1093/bja/85.1.109. PMID: 10927999.
Finucane FM. SGLT2 inhibitor-induced euglycaemic diabetic ketoacidosis may
be due to abrupt, severe, and transient impaired glucose sensing in

[46]

[47]

(48]

[49]

Diabetes & Metabolic Syndrome: Clinical Research & Reviews 15 (2021) 102275

susceptible individuals with a hitherto unrecognised beta cell SGLT variant.
Med Hypotheses 2018 May;114:11-2. https://doi.org/10.1016/
j.mehy.2018.02.025. Epub 2018 Feb 24. PMID: 29602453.

Saponaro C, Miithlemann M, Acosta-Montalvo A, Piron A, Gmyr V, Delalleau N,
et al. Interindividual heterogeneity of SGLT2 expression and function in hu-
man pancreatic islets. Diabetes 2020 May;69(5):902—14. https://doi.org/
10.2337/db19-0888. Epub 2020 Jan 2. PMID: 31896553.
https://www.fda.gov/drugs/drug-safety-and-availability/fda-revises-labels-
sglt2-inhibitors-diabetes-include-warnings-about-too-much-acid-blood-and-
serious.

Handelsman Y, Henry RR, Bloomgarden ZT, Dagogo-Jack S, DeFronzo RA,
Einhorn D, et al. AMERICAN association OF clinical endocrinologists and
AMERICAN college OF endocrinology position statement ON the association
OF SGLT-2 inhibitors and diabetic ketoacidosis. Endocr Pract 2016 Jun;22(6):
753—62. https://doi.org/10.4158/EP161292.PS. Epub 2016 Jun 1. PMID:
27082665.

Bamgboye AO, Oni IO, Collier A. Predisposing factors for the development of
diabetic ketoacidosis with lower than anticipated glucose levels in type 2
diabetes patients on SGLT2-inhibitors: a review. Eur J Clin Pharmacol 2020
Nov 26. https://doi.org/10.1007/s00228-020-03051-3. Epub ahead of print.
PMID: 33244632.


https://doi.org/10.1172/jci63967
http://refhub.elsevier.com/S1871-4021(21)00295-2/sref40
http://refhub.elsevier.com/S1871-4021(21)00295-2/sref40
http://refhub.elsevier.com/S1871-4021(21)00295-2/sref40
https://doi.org/10.1016/j.cmet.2014.03.005
http://refhub.elsevier.com/S1871-4021(21)00295-2/sref42
http://refhub.elsevier.com/S1871-4021(21)00295-2/sref42
http://refhub.elsevier.com/S1871-4021(21)00295-2/sref42
http://refhub.elsevier.com/S1871-4021(21)00295-2/sref42
https://doi.org/10.1038/s41467-019-08466-w
https://doi.org/10.1093/bja/85.1.109
https://doi.org/10.1016/j.mehy.2018.02.025
https://doi.org/10.1016/j.mehy.2018.02.025
https://doi.org/10.2337/db19-0888
https://doi.org/10.2337/db19-0888
https://www.fda.gov/drugs/drug-safety-and-availability/fda-revises-labels-sglt2-inhibitors-diabetes-include-warnings-about-too-much-acid-blood-and-serious
https://www.fda.gov/drugs/drug-safety-and-availability/fda-revises-labels-sglt2-inhibitors-diabetes-include-warnings-about-too-much-acid-blood-and-serious
https://www.fda.gov/drugs/drug-safety-and-availability/fda-revises-labels-sglt2-inhibitors-diabetes-include-warnings-about-too-much-acid-blood-and-serious
https://doi.org/10.4158/EP161292.PS
https://doi.org/10.1007/s00228-020-03051-3

	Clinical and biochemical characteristics and analysis of risk factors for euglycaemic diabetic ketoacidosis in type 2 diabe ...
	1. Introduction
	2. Research design and methods
	3. Results
	3.1. Demographics and medication use
	3.2. Symptoms and biochemical parameters at euDKA presentation
	3.3. Conditions predisposing to euDKA

	4. Discussion
	5. Conclusion
	Ethics approval and consent to participate
	Availability of data and material
	Funding
	Authors' contributions
	Declaration of competing interest
	Acknowledgements
	References


