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Abstract

Introduction

The sodium glucose transporter 2 inhibitors (SGLT2i), such 
as canagliflozin, empagliflozin, and dapagliflozin, promote the 
renal excretion of glucose, and A1C is modified by the osmotic 
diuresis effect of the medication.[1] SGLT2i are commonly 
prescribed due to their ability to reduce weight and blood 
pressure, and lower the risk of hypoglycemia compared to 
sulfonylureas. Although SGLT2i use has become increasingly 
common (including advancing in therapy preference on the 
AACE/ACE algorithm), SGLT2i are not without limitation, 
particularly increased risk of infection.[2‑4] A more recent finding 
is diabetic ketoacidosis (DKA). Around twenty atypical cases 
of acidosis were reported to the United States Food and Drug 
Administration (FDA) linking ketoacidosis with the SGLT2i 
class.[5,6] Underlying reasons for DKA with these SGLT2i 
has not been established. Therefore, the pharmacodynamics 
of SGLT2i combined with the pathophysiology of DKA was 
evaluated for causation.

Methods

A retrospective chart review was conducted on patients 
started on SGLT2i and later presented with DKA. There are 
2200 patients at Oxford Endocrinology Consultants (OEC), 
and 250 of these patients were referred to a pharmacist 
through a collaborative practice management. Charts 
of pharmacist‑managed patients were reviewed. Three 
patients were identified as diagnosed with type  2 diabetes 
mellitus (T2DM), started on a SGLT2i, and presented to an 
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emergency department (ED) with DKA. Medications, previous 
illnesses, and A1C were collected, as well as administration, 
titration, and pharmacological parameters to distinguish 
commonalities among patients. An extensive literature search 
was used to identify possible causes for DKA in the three cases 
found at OEC.

Results

Patient 1– appropriate diagnosis
Patient 1 was a 55‑year‑old  Caucasian female   initially 
diagnosed with T2DM in 2005 with an A1C of 8.9%. She 
was referred to OEC after presenting to the ED with nausea 
and vomiting in January 2015. She was diagnosed with 
DKA and admitted to the intensive care unit (ICU). After 
obtaining a medication history at OEC, it was discovered 
that monotherapy with canagliflozin was initiated 2 months 
before the DKA episode. The Naranjo score for this adverse 
drug reaction  (ADR) was possible. After resolution of 
DKA, insulin detemir and insulin lispro were started while 
canagliflozin was discontinued. In the following months, 
metformin, linagliptin, and empagliflozin were gradually 
initiated in addition to insulin. The patient was diagnosed 
with latent autoimmune diabetes in adults (LADA) based 
on a C‑peptide of 0.4 ng/mL in April 2015. The patient’s 
average self‑monitoring blood glucose decreased from 
205  mg/dL to 155  mg/dL in 5  months with a slight 
improvement in A1C to 8.6%. The patient has not had 
another episode of DKA.

Patient 2– infection
Patient 2 was a 47‑year‑old Caucasian female initially 
diagnosed with T2DM in 2005 and her most recent A1C 
was 9.2%. She presented to the ED with DKA  (blood 
glucose = 459 mg/dL CO2 = 5, and pH = 6.9) in February 
2014. On presentation of DKA, the patient was receiving 
metformin ER, liraglutide, and canagliflozin. Canagliflozin 
and fluconazole were added 6 days before ED presentation. 
The Naranjo score for this ADR was possible. In the 
ED, the patient was diagnosed with an underlying septic 
pneumonia. The patient was discharged on multi‑daily insulin 
monotherapy with an A1C = 8% 2 months after discharge. 
Sitagliptin and metformin were added before the patient was 
lost‑to‑follow‑up.

Patient 3– electrolyte abnormality
Patient 3 was a 56‑year‑old African–American female 
diagnosed with T2DM for an unknown duration with an 
A1C = 8.2%. The patient was admitted to the ICU with DKA 
in June 2014 after being started on dapagliflozin 2 months 
ago. The Naranjo score for this ADR was possible. The patient 
was also treated with glipizide and insulin glargine before 
admission. In the ED, the patient was diagnosed with an 
underlying electrolyte abnormality due to Fanconi syndrome. 
After resolution of DKA and discontinuation of dapagliflozin, 
the patient was started on saxagliptin.

Discussion

DKA occurs when the body does not have enough insulin to 
digest and utilize glucose, and the adipose tissue is catabolized 
to make energy instead, resulting in ketone formation.[7] 
SGLT functions by sodium following glucose and water 
following sodium through osmosis [Figure 1]. When SGLT2 
is inhibited, the fluid and electrolytes are shifted and excreted 
in urine causing decreased blood volume hyperkalemia, and 
dehydration.[8,9] The addition of other medications that cause 
hyperkalemia  (e.g., ACE inhibitors) may have an additive 
effect.[10] Dehydration and hyperkalemia are both predisposing 
factors for metabolic acidosis due to significant increase in 
anion gap with sodium loss.[7]

LADA is a genetic intermediate between type  1 diabetes 
mellitus  (T1DM) and T2DM that is a slow progressing 
immune‑mediated T1DM. DKA occurs more often in T1DM 
compared to T2DM due to insulin deficiency versus decreased 
insulin sensitivity. The diagnosis of the type of diabetes age of 
onset (e.g., >30 years), a low C‑peptide (e.g., <0.51 ng/mL), 
insulin independence for <6 months after diagnosis, and/or 
the presence of circulating islet antibodies.[11] LADA is often 
misdiagnosed as T2DM due to advanced age at onset, and often 
LADA patients are not initiated on insulin secondary to T2DM 
algorithmic recommendations for initial oral therapy.[12] Patient 
1 was not diagnosed with LADA before initiation of SGLT2i. 
The lack of exogenous insulin therapy contributed greatly to 
the onset of DKA in patient 1. Exposure to SGLT2i may have 
synergistically contributed to DKA in this patient. Interestingly, 
a different SGLT2i was initiated after insulin therapy without 
further DKA episodes.

Increased glucosuria causes a shift in normal flora and 
colonization of pathogenic microorganisms leading to an 
increase in mycotic genital infections, particularly candidiasis 
yeast and urinary tract infections.[9] Patients tend to lose 
glycemic control during infections leading to DKA.[9,13] Patient 
2 is the quintessential example of infection leading to DKA. 
However, the addition of an SGLT2i cannot be overlooked in 
its contribution to infection for this patient.

Fanconi syndrome is a disorder of the proximal renal 
tubules (where sodium glucose transporters are located) that 

Figure 1: Mechanisms of diabetic ketoacidosis resulting from   glucose 
transporter 2 inhibitors
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results in excretion of excessive electrolytes and protein into 
the urine.[14] Electrolyte abnormality due to Faconi syndrome 
is possibly triggered by the SGLT2i use which can lead to 
dehydration and ketoacidosis. Patient 3 had undiagnosed 
Faconi syndrome and consequently exhibited symptoms of 
DKA following SGLT2i use.

Conclusion

DKA is a potential risk of taking the SGLT2i, and there appear 
to be three forewarnings that could aid in the assessment of 
DKA risk with SGLT2i.[2‑4] Early and appropriate diagnosis of 
LADA may decrease the risk of hospitalization from DKA in 
patients started on SGLT2i without insulin therapy. SGLT2i 
use was safe in LADA when added to insulin therapy in this 
case series. The osmotic effects of these medications include: 
(1) increasing glucosuria, (2) causing electrolyte imbalances due 
to dehydration, (3) changing the normal flora, and (4) causing 
infection. Proper hydration, including taking SGLT2i with a 
glass of water, could reduce DKA incidence with SGLT2i.[10] 
Overly vigilant monitoring of infection, especially on SGLT2i 
initiation, may be warranted. It is important to rule out Faconi 
syndrome and other diseases that induce electrolyte abnormalities 
before SGLT2i initiation. Furthermore, preexisting electrolyte 
abnormalities must be corrected before initiation of SGLT2i.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1.	 Chao EC. SGLT‑2 inhibitors: A new mechanism for glycemic control. 

Clin Diabetes 2014;32:4‑11.
2.	 INVOKANA®  [Prescribing Information]. Titusville, NJ: Janssen 

Pharmaceuticals, Inc.; 2015.
3.	 FARXIGA  [Package Insert]. Wilmington, DE: AstraZeneca 

Pharmaceuticals LP; 2014.
4.	 JARDIANCE® [Package Insert]. Ridgefield, CT: Boehringer Ingelheim; 

2015.
5.	 Handelsman  Y, Mechanick  JI, Blonde  L, Grunberger  G, 

Bloomgarden  ZT, Bray  GA, et  al. American association of clinical 
endocrinologists medical guidelines for clinical practice for 
developing a diabetes mellitus comprehensive care plan. Endocr Pract 
2011;17 Suppl 2:1‑53.

6.	 Fda.gov. FDA Drug Safety Communication: FDA Warns that SGLT2 
Inhibitors for Diabetes May Result in a Serious Condition of Too Much 
Acid in the Blood; 2015. Available from: http://www.fda.gov/Drugs/
DrugSafety/ucm446845.htm. [Last accessed on 2015 Oct 27].

7.	 Seifter  JL. Acid‑base disorders. In: Goldman  L, Schafer AI, editors. 
Goldman’s Cecil Medicine. 24th ed., Ch. 120. Philadelphia, PA: Elsevier 
Saunders; 2011.

8.	 Urology‑textbook.com. Kidney: Physiology of the Tubular 
Reabsorption; 2015. Available from: http://www.urology‑textbook.
com/kidney‑tubular‑reabsorption.html.  [Last accessed on 
2015 Oct 27].

9.	 Halimi S, Vergès B. Adverse effects and safety of SGLT‑2 inhibitors. 
Diabetes Metab 2014;40:S28‑34.

10.	 American Pharmacists Association. SGLT2 Inhibitors for Type 2 Diabetes: 
Clinical Considerations; 2015. Available from: https://www.pharmacist.
com/sglt2‑inhibitors‑type‑2‑diabetes‑clinical‑considerations.  [Last 
accessed on 2015 Nov 12].

11.	 Stenström G, Gottsäter A, Bakhtadze E, Berger B, Sundkvist G. Latent 
autoimmune diabetes in adults: Definition, prevalence, beta‑cell 
function, and treatment. Diabetes 2005;54 Suppl 2:S68‑72.

12.	 American Diabetes Association. Standards of medical care in 
diabetes ‑ 2014. Diabetes Care 2014;37 Suppl 1:S14‑80.

13.	 Bender  DA. A  Dictionary of Food and Nutrition. 4th  ed. 
Oxford, United Kingdom: Oxford University Press; 2014. 
Available from: http://www.oxfordreference.com/view/10.1093/
acref/9780191752391.001.0001/acref‑9780191752391.  [Last 
accessed on 2015 Oct 27].

14.	 Hall AM, Bass  P, Unwin  RJ. Drug‑induced renal Fanconi syndrome. 
QJM 2014;107:261‑9.

[Downloaded free from http://www.jpharmacol.com on Tuesday, October 12, 2021, IP: 157.45.25.155]


