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The Safety of Sodium Glucose Cotransporter 2 Inhibitors for 
the Elderly Diabetic Patients
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To the Editor

Sodium glucose cotransporter 2 inhibitors (SGLT2i) have 
shown to prevent the hospitalization for heart failure and re-
tard the progression of chronic kidney disease (CKD), and 
then, SGLT2i is increasingly being used in the elderly. One of 
SGLT2i, canagliflozin has shown to improve glycemic control, 
reduced body weight and systolic blood pressure, and was gen-
erally well tolerated in patients aged 55 - 80 years with type 2 
diabetes over 104 weeks [1]. The meta-analysis was performed 
to compare the influence of SGLT2i on the efficacy and safety 
in elderly type 2 diabetic patients (≥ 65 years) with those in 
young type 2 diabetic patients (< 65 years) [2]. Although the 
improvement of hemoglobin A1c (HbA1c) in elderly patients 
receiving SGLT2i was not as good as that in young patients, 
relatively satisfying effectiveness was observed in the fasting 
plasma glucose, body weight, blood pressure in the elderly pa-
tients. Some adverse events (AEs), such as volume depletion 
(odds ratio (OR): 2.80; 95% confidence interval (CI): 1.82 - 
4.32; P < 0.001), and urinary tract infection (OR: 1.37; 95% 
CI: 1.18 - 1.60; P < 0.001), and renal impairment (OR: 2.61; 
95% CI: 1.78 - 3.81; P < 0.001) had a higher risk in old patients 
than young ones, but most of these events were generally mild, 
rarely led to treatment discontinuation, or recovered following 
appropriate treatments. To prevent the occurrence of such AEs, 
the instruction to drink an appropriate amount of water, and 
the elderly patients’ cognitive ability to be able to bathe and 
excrete independently and to understand instructions regarding 
drinking water are required.

Since the adherence to diabetic treatment including anti-
diabetic medications and insulin injection, and endogenous in-
sulin secretion decrease in the elderly, there is concern about 
the development of euglycemic diabetic ketoacidosis (DKA) 
by SGLT2i. The underlying mechanism for SGLT2i-induced 

euglycemic DKA was shown in Figure 1. Insulin deficiency or 
relative insulin deficiency and an increase in glucagon activate 
hormone sensitive lipase (HSL), which hydrolyses triglyceride 
(TG) into free fatty acids (FFA). Increased FFA are transported 
into hepatic mitochondria by carnitine palmitoyl-transferase I 
(CPT-I), which increases the rate of β-oxidation and results in 
the development of euglycemic DKA due to overproduction of 
ketone bodies. Insulin deficiency and an increase in glucagon 
reduce the activity of acetyl-CoA carboxylase (ACC) which 
produces malonyl-CoA, a potent inhibitor of CPT-I, further 
enhancing β-oxidation. Possible euglycemic DKA-inducing 
factors were shown in Table 1. Low carbohydrate and energy 
intake and excessive energy expenditure by exercise decrease 
plasma glucose, which decreases insulin secretion [3, 4]. In-
trinsic insulin secretion is absent or reduced in patients with 
type 1 diabetes, latent autoimmune diabetes in adults, a long-
standing type 2 diabetes, and pancreatic diseases [4]. In the 
meta-analyses, a higher risk of DKA (relative risk (RR): 5.042, 
95% CI: 3.160 - 8.046, P < 0.001) was associated with SGLT2i 
compared with placebo in patients with type 1 diabetes [5]; 
however, SGLT2i were not significantly associated with an in-
creased risk of DKA when compared with placebo (OR: 1.98; 
95% CI: 0.56 - 6.94) in patients with type 2 diabetes [6]. Re-
duced intrinsic insulin secretion can induce euglycemic DKA 
under the SGLT2i use. Cessation of insulin and reduction of 
insulin dose and cessation of insulin secretagogues such sulfo-
nyl urea can be the cause of the SGLT2i-associated euglycemic 
DKA [3, 4]. In situations where anti-insulin hormones such as 
catecholamines are increased due to stress such as surgery or 
acute illness and insulin demand is increased, SGLT2i induces 
euglycemic DKA [3, 4, 7, 8].

To prevent the development of euglycemic DKA in the 
elderly, an adequate assessment of intrinsic insulin secre-
tory capacity is required. To assess intrinsic insulin secre-
tary capacity, what should we measure? SGLT2i improve 
metabolic parameters induced by insulin resistance such as 
reduced high-density lipoprotein-cholesterol (HDL-C) level 
and elevated levels of TG by reducing body weight. There-
fore, SGLT2i should be used for elderly patients with insulin 
resistance and/or hyperinsulinemia. The homoeostasis model 
assessment of insulin resistance (HOMA-IR) is a useful in-
dex for insulin resistance, and it has actually been widely 
used to evaluate insulin resistance in subjects with prediabe-
tes or early type 2 diabetes. However, the HOMA-IR using 
serum insulin concentration in patients treated with insulin or 
insulin secretagogues need to be interpreted with caution. C-
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peptide and insulin are secreted in equimolar amounts from 
pancreatic beta cells. Intrinsic insulin secretion can be as-
sessed even in the presence of exogenous insulin by measur-
ing C-peptide. We had previously reported that fasting serum 

C-peptide levels were significantly correlated with visceral 
fat area, measured by abdominal computed tomography (r 
= 0.634, P < 0.001) in Japanese patients with type 2 diabe-
tes, who had relatively long durations of diabetes (9.1 ± 9.9 

Table 1.  Possible Inducing Factors for Euglycemic Diabetic Ketoacidosis

Decreased plasma glucose and resulting in reduced insulin secretion
  Low carbohydrate and energy intake
  Increased physical exertion
  Alcohol abuse
Decreased serum insulin level
  Type 1 diabetes
  Latent autoimmune diabetes in adults
  Type 2 diabetes with reduced intrinsic insulin secretion (low body mass index)
  Pancreatic diseases
  Cessation of insulin or reduction of insulin dose
  Cessation of insulin secretagogues
Increased demand for insulin
  Surgery
  Acute illness (infection, cerebral infarction, thyrotoxicosis)

Figure 1. The underlying mechanism for SGLT2i-induced euglycemic DKA and elevation in triglyceride. Insulin with downward 
arrows include relative insulin deficiency due to increased insulin demand. SGLT2i: Sodium glucose cotransporter 2 inhibitors; 
DKA: diabetic ketoacidosis; ACC: acetyl-CoA carboxylase; C: cholesterol; CM: chylomicron; CPT-1: carnitine palmitoyl-trans-
ferase I; FFA: free fatty acids; HSL: hormone sensitive lipase; LPL: lipoprotein lipase; TCA: tricarboxylic acid; TG: triglyceride; 
TRL: TG-rich lipoproteins; VLDL: very-low-density lipoprotein.



Articles © The authors   |   Journal compilation © J Endocrinol Metab and Elmer Press Inc™   |   www.jofem.org172

Safety of SGLT2i for the Elderly DM Patients J Endocrinol Metab. 2023;13(4):170-173

years) and were treated by hypoglycemic agents including 
insulin secretagogues or insulin [9]. Finally, we found that 
fasting serum C-peptide levels (> 1.6 ng/mL) can predict the 
presence of insulin resistance in Japanese patients with type 
2 diabetes [10]. When using SGLT2i in the elderly, if the fast-
ing serum C-peptide is 1.6 ng/mL or higher, it may be rela-
tively safe to use SGLT2i. If an improvement in TG and non-
HDL-C which reflects TG-rich lipoproteins is obtained at 1 
month after SGLT2i administration, it would be considered 
that SGLT2i acted safely and effectively. If a deterioration in 
such parameters is observed, increases in FFA and TG-rich 
lipoproteins would have developed due to activation of HSL 
and reduction of lipoprotein lipase (LPL) activity by relative 
insulin deficiency. The reports on serum lipids in euglyce-
mic DKA due to SGLT2i were very limited, and there were 
only two case reports. Serum TG was extremely elevated to 
greater than 8,300 mg/dL in type 2 diabetic patients with eu-
glycemic DKA due to SGLT2i, however, unfortunately, only 
TG levels among serum lipids was described in this case re-
port [11]. This case developed hypertriglyceridemia-induced 
acute pancreatitis, suggesting an elevation in chylomicron 
(CM). In another case, serum TG level peaked at 2,050 mg/
dL, however, total cholesterol (TC) was relatively low (122 
mg/dL) [12], suggesting a remarkable increase in TG-rich 
lipoproteins. Since hypertriglyceridemia is observed even 
in insulin resistance accompanied by hyperinsulinemia, an 
increase in TG-rich lipoproteins induced by relative insulin 
deficiency may precede euglycemic DKA.

The advantages and disadvantages of measurements of 
fasting C-peptide and TG for the evaluation of intrinsic insulin 
secretion were shown in Table 2.

We have to mention the limitations of our article. Since 
euglycemic DKA is rare, and almost such case reports lack 
data on serum lipids and C-peptide, we cannot provide an esti-
mate of euglycemic DKA risk for elderly patients such as low 
prior risk, which should be studied in the future.

In conclusion, euglycemic DKA is a life-threatening con-
dition for the elderly type 2 patients. The establishment of 
predictive factors for the development of euglycemic DKA is 
desired.
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