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Abstract: SGLT2i (sodium glucose transporter type 2 inhibitors) are pharmacological agents that act by inhibiting the SGLT2, by 
reducing the renal plasma glucose threshold and inducing glycosuria, resulting in a blood glucose lowering effect. In recent years, 
studies demonstrating some additional positive effects of SGLT2i also in the treatment of T1D have increased progressively. The 
SGLT2i dapagliflozin and sotagliflozin have been temporarily licensed for use by the European Medical Agency (EMA) as an adjunct 
to insulin therapy in adults with T1D with a body mass index of 27 kg/m2 or higher. However, in the meantime, the US Food and Drug 
Administration (FDA) Endocrinologic and Metabolic Drugs Advisory Committee was divided, citing concerns about the main side 
effects of SGLT2i, especially diabetic ketoacidosis (DKA). The aim of this manuscript was to conduct an update on current evidence 
and recommendations of the reported use of SGLT2i in the treatment of T1D in humans. Preclinical studies, clinical trial and real 
world data suggest benefits in glycaemia control and nefro-cardiovascular protection, even though several studies have documented an 
important increase in the risk of DKA, a serious and life-threatening adverse event of these agents. SGLT2i potentially addresses some 
of the unmet needs associated with T1D by improving glycaemic control with weight loss and without increasing hypoglycemia, by 
reducing glycaemic variability. However, due to side effects, EMA recommendation for SGLT2 use on T1D was withdrawn. Further 
studies will be needed to determine the safety of this therapy in T1D and to define the type of patient who can benefit most from these 
medications. 
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Introduction
Sodium glucose transporter type 2 inhibitors (SGLT2i) are a new class of oral glucose-lowering pharmacological agents 
that act by inhibiting the SGLT2, located in the proximal part of the kidney convoluted tubule and responsible for about 
90% of glucose reabsorption. SGLT2i act by reducing the renal plasma glucose threshold and inducing glycosuria, 
resulting in a blood glucose lowering effect. With the advent of SGLT2i, the therapeutic possibilities available to 
diabetologists have increased, and clinical experience is in favor of their expanding use in the treatment of patients with 
type 2 diabetes mellitus (T2D).1,2

On the other hand, less known are the potential therapeutic actions of SGLT2i in the treatment of type 1 diabetes mellitus 
(T1D). In recent years, studies demonstrating some additional positive effects of SGLT2i also in the treatment of T1D have 
increased progressively. The SGLTi dapagliflozin (5 mg) and sotagliflozin (200 and 400 mg) have been temporarily licensed 
for use by the European Medical Agency (EMA) as an adjunct to insulin therapy in adults with T1D with a body mass index 
(BMI) of 27 kg/m2 or higher.1,2 Another SGLT2i, remogliflozin etabonate, has been studied in T1D, but it has never been 
licensed for these subgroups of patients. The SGLT2i ipragliflozin, canagliflozin and empagliflozin have also been investi-
gated in T1D.

The aim of this manuscript was to conduct an update on current evidence and recommendations of the reported use of 
SGLT2i in the treatment of T1D in humans. Therefore, the studies carried out on preclinical experimental models were 

Diabetes, Metabolic Syndrome and Obesity 2023:16 3579–3598                                         3579
© 2023 Maffei et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Diabetes, Metabolic Syndrome and Obesity                                           Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 25 May 2023
Accepted: 24 October 2023
Published: 9 November 2023

http://orcid.org/0000-0003-4883-8980
http://orcid.org/0000-0003-1757-5399
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


deliberately excluded from this update aside from for a brief general introduction to better understand the SGLT2i 
clinical implications.

Recommendations and Indications
In February 2019, the EMA provided an agreement on the clinical indication for both sotagliflozin 1 and dapagliflozin 2 

as adjunctive treatments for T1D, in patients with a BMI of 27 kg/m² or higher. This new recommendation was based on 
data from phase three studies that included patients with T1D.3–5 However, in the meantime, the US Food and Drug 
Administration (FDA) Endocrinologic and Metabolic Drugs Advisory Committee was divided, citing concerns about the 
main side effects of SGLTi, especially diabetic ketoacidosis (DKA).

Dapagliflozin
The main advantage of dapagliflozin treatment in patients with T1D is a joint effect on glycaemia, weight and blood 
pressure and decrease in variability of glycaemia. The EMA emphasised that insulin therapy should be continuously 
adjusted to prevent ketosis and diabetic ketoacidosis and that SGLT2i therapy should be supervised by specialists. Later, 
the FDA announced its decision not to approve dapagliflozin6 on July 15, 2019. However, on 28 August 2019, the 
National Institute for Health and Care Excellence (NICE) published a guidance recommending dapagliflozin (Edistride®, 
Forxiga®), to treat T1D in adults with BMI more than 27 kg/m² and when insulin monotherapy does not provide adequate 
glycaemic control.7 The guidance also specified that dapagliflozin should be restricted to patients with T1D treated with 
insulin doses greater than 0.5 units per kg body weight per day. Furthermore, patients who receive adjunctive therapy 
with dapagliflozin should complete a structured education program and be trained to manage associated risks whose 
medical care is supervised by a consultant physician specialized in endocrinology and diabetes. The guidance also stated 
that people should stop dapagliflozin if they do not see a sustained improvement in glycaemic control when evaluated 
after 6 months and regularly thereafter. The recommended dose of dapagliflozin was 5 mg once daily administered orally, 
with or without food. On 29 October 2021, AstraZeneca, in agreement with the EMA and the National Competent 
Authority, informed that dapagliflozin 5 mg was no longer authorized for the treatment of patients with T1D and should 
no longer be used in this population.8 This fact was justified by the high frequency (occurring in at least 1 per 100 
patients) of DKA in studies of T1D with dapagliflozin. The document added that the discontinuation of dapagliflozin in 
patients with T1D must be made by or in consultation with a physician specialized in diabetes care and be carried out as 
soon as clinically practical. After stopping dapagliflozin treatment, frequent blood glucose monitoring is recommended, 
and the insulin dose should be carefully increased to reduce the risk of hypoglycaemia. In November 2021, also NICE 
withdrew previous guidance because dapagliflozin with insulin is no longer licensed for treating T1D.7

Sotagliflozin
Sotagliflozin binds to and blocks both SGLT1 in the gastrointestinal (GI) tract and SGLT2 in the kidneys. SGLT1 is the 
primary transporter responsible for glucose absorption from the GI tract. EMA indicated Sotagliflozin (Zynquista®) “as 
an adjunct to insulin therapy to improve glycaemic control in adults with T1D, with a BMI ≥ 27 kg/m2, who have failed 
to achieve adequate glycaemic control despite optimal insulin therapy”.
Sotagliflozin therapy should have been initiated and supervised by a physician experienced in the treatment of T1D. The 
recommended dose was 200 mg of sotagliflozin once a day before the first meal of the day. After at least three months, if 
additional glycaemic control was needed, in patients tolerating 200 mg of Sotagliflozin, the dose could be increased to 
400 mg once daily.9 Regarding special population, there were also other important recommendations. Due to the limited 
therapeutic experience in patients older than 75 years, initiation of sotagliflozin therapy was not recommended. In 
addition, the safety and efficacy of sotagliflozin in children and adolescents has not yet been established. Sotagliflozin 
should not be started in patients with an eGFR <60 mL/min and should be discontinued at an eGFR persistently below 
45 mL/min. Due to side effects, the FDA announced that it would not approve sotagliflozin,10 while the EMA withdrew 
from use on August 16, 2022.11
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Empagliflozin
The EASE Trials12 demonstrated an improved glycemic control and weight of empagliflozin 10 and 25 mg doses plus 
a unique lower dose (2.5 mg) as an adjunct to intensified insulin in patients with T1D. The ketoacidosis rate was 
comparable between empagliflozin 2.5 mg and placebo but increased with 10 mg and 25 mg. A very recent RCT 
(randomized control trial) showed that low-dose empagliflozin (2.5 mg and 5 mg) is enough to help patients with T1D 
who cannot achieve adequate glucose control with closed-loop insulin. However, future studies are required to evaluate 
its long-term efficacy and safety.13 A committee of the FDA has recommended against the approval of empagliflozin 
marketed under the trade name Jardiance®, for the treatment of T1D, due to limited data around safety, particularly an 
increased risk of DKA.14

Preclinical Studies
SGLT2 inhibitors’ chemical structure and main pharmacokinetic parameters are listed in Table 1.

SGLT2i inhibits renal reabsorption of filtered glucose acting through SGLT2, which is localized in the early proximal 
tubule, and mediates the tubular glucose uptake through the apical membrane of the kidney. SGLT2 increase: 1) Na and 
fluid reabsorption in the proximal tubule of the early diabetic kidney; 2) proximal reabsorption that contributes to diabetic 
glomerular hyperfiltration by lowering Na-Cl-K concentrations at the macula densa and 3) glomerular filtration rate 
(GFR) through the physiology of tubulo-glomerular feedback. In early diabetic kidney, they also inhibit the SGLT2 
mediated glucose uptake, which causes kidney growth, that has been linked to nephropathy. In a first paper, Vallon et al 

Table 1 SGLT2 Inhibitors Chemical Structure and Main Pharmacokinetic Parameters

Dapagliflozin Canagliflozin Empagliflozin Ipragliflozin

Trade name Forxiga (EU) 
Farxiga (US)

Invokana (EU + US) Jardiance (EU +US) Suglat (Japan)

Tablets doses (mg) 5, 10 100, 300 10, 25 25, 50

Chemical structure C-glycosyl compound, 

an organochlorine 
compound and an 

aromatic ether

C-glycosyl compound, 

a member of thiophenes 
and an organofluorine 

compound

C-glycosyl compound, an 

aromatic ether, 
a tetrahydrofuryl ether and 

a member of 

monochlorobenzenes

C-glucoside derivatives 

with a terminal benzene 
ring with a fluorine atom 

substitution

Oral bioavailability (%) 78 ≈ 65 >60 90

Food effect - - - NA

Dose dependent + + + +

Tmax (h) 1–2 1–2 1 1–2

Volume of distribution 118 119 74 NA

Plasma protein binding (%) 91 98 86 94.6–96.5

T1/2 12.2 11–13 12.4 10–15

Hepatic metabolism Extensive 

glucuronidation to 

inactive conjugates

Extensive 

O-glucuronidation to 

two major inactive 
metabolites

Extensive glucuronidation and 

lesser oxidation to six inactive 

metabolites

Extensive glucuronidation 

to two inactive 

conjugates 
Suspected biliary 

excretion

Urinary elimination (%) <2 <1 28.6 ≤2

Drug interaction - - - -

Note: Data from these studies.15–20 

Abbreviations: EU, Europe; US, United States of America; NA, Not applicable.
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showed that gene knockout of the sodium-glucose cotransporter SGLT2 modestly lowered blood glucose in streptozo-
tocin-diabetic mice (STZ mice) and prevented glomerular hyperfiltration but did not attenuate albuminuria or renal 
growth and inflammation.21 In a second paper, the authors showed in T1D Akita mice that empagliflozin attenuated/ 
prevented the increase in systolic blood pressure, glomerular size, and molecular markers of kidney growth, inflamma-
tion, and gluconeogenesis. The authors speculated that inhibition of SGLT2 can lower GFR independent of reducing 
blood glucose (consistent with the tubular hypothesis of diabetic glomerular hyperfiltration), while attenuation of 
albuminuria, kidney growth, and inflammation in the early diabetic kidney may be secondary to lower blood glucose.22

Among the mechanisms beyond diabetic nephropathy, renal fibrosis plays an important role, and dapagliflozin seems 
to have an inhibitory effect on tubulo-interstitial fibrosis (TIF) with a possible impact on renal function. Huang et al 
studied this mechanism with an in vitro experiment in HK-2 cells derived from kidney biopsies from patients that were 
incubated in high glucose with dapagliflozin or fludarabine, and epithelial–mesenchymal transition cells and in vivo 
study in STZ mice treated with dapagliflozin for 16 weeks. The authors demonstrated that dapagliflozin not only 
improves hyperglycemia but also slows the progression of diabetes-associated renal TIF by improving hyperglycemia- 
induced activation of the STAT1/TGF-β1 pathway. In fact, in mice dapagliflozin improved blood glucose levels, renal 
function, and reduced TIF while in HK-2 cells; dapagliflozin, and fludarabine directly decreased aberrant STAT1 
expression and reversed high glucose-induced downregulation of E-cadherin and α-SMA induction.23

Cheng and collaborators studied the role of empagliflozin in pancreatic cells in streptozotocin-induced T1D rats. 
Empagliflozin induced an improved glucose tolerance and increased insulin m-RNA expression, β-cell area, total 
pancreatic area and Ki-67 as a cell proliferation marker. These effects were probably due to a reduction in apoptosis 
and reactive oxygen species in pancreatic β-cells. Taken together, the results of this study indicate that empagliflozin may 
have a beneficial effect on preserving β-cell regeneration, thus improving blood glucose homeostasis in T1D, probably 
through protection of pancreatic β-cell from glucotoxicity-induced oxidative stress.24

SGLT2i acts also on diabetic cardiomyopathy with two pathways: in the first pathway, SGLT2i decreases oxidative 
stress activating SIRT1 mainly through the SIRT1/Nrf2 signaling and in the second pathway SGLT2i does not enhance 
autophagy.25 Empagliflozin regulated increased autophagy, which depended on the downregulation of NHE1 and NHE1- 
related genes that induce autophagy, such as Beclin 1 and autophagy-related protein 5.26

Although the association between atherosclerosis and hyperglycemia is still unclear, Terasaki et al studied the 
association between the amelioration of dapagliflozin or ipragliflozin induced glycemia and the macrophage-driven 
atherosclerosis in apolipoprotein E-null (Apoe-/-) mice, streptozotocin-induced diabetic Apoe-/- mice, and diabetic db/db 
mice. The authors found anti-atherogenic effects due to pure glucose lowering with a mechanism that is independent of 
insulin action in diabetic mice by suppressing macrophage foam cell formation, suggesting that foam cell formation is 
highly sensitive to glycemia ex vivo. Apoe-/- mice treated with dapagliflozin reduced aortic atherosclerotic lesions, 
atheromatous plaque size, and macrophage infiltration. In non-diabetic Apoe-/- mice, atherosclerosis was not affected by 
dapagliflozin. Ipragliflozin decreased foam cell formation in db/db mice. SGLT2i normalized gene expressions of the 
lectin-like ox-LDL receptor-1 and the acyl-coenzyme A:cholesterol acyltransferase 1.27 Al Sharea et al studied lipopro-
tein clearance in Ldlr−/− type 1 diabetic mice, and they found that the glycemic control secondary to SGLT2i treatment 
reduced monocytosis and atherosclerosis and improved plasma lipoprotein profile, which was mediated by heparin 
sulfate proteoglycan (HSPG)-dependent clearance mechanisms in the liver.28

Regarding the microvascular comorbidities, Eid et al investigated the role of empagliflozin in diabetic neuropathy, 
retinopathy, and kidney disease in STZ mice. Empagliflozin decreased blood glucose, with an improvement in diabetic 
neuropathy and a reduction in systemic oxidative stress, and also had a modest effect on retinopathy and had no effects 
on kidney disease.29

Clinical Studies on Presymptomatic T1D (Pre-T1D)
Recently, the ADA, JDRF, and Endocrine Society released a joint position statement for the staging of pre-T1D, a clinical 
condition where autoimmunity is present but there is no symptomatic clinical or metabolic impairment. In order to 
prevent T1D, several clinical trials on lifestyle interventions and medications (insulin, GLP1-rA, and immunotherapy) 
were conducted, but no final recommendations were made. No data are available on SGLT2i therapy in these subgroups 
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of patients. Therefore, in patients with pre-T1D, the results of treatment with SGLT2i are inferred from pre-T2D studies. 
Dapagliflozin treatment of prediabetic insulin-resistant individuals for 14 days resulted in significant metabolic adapta-
tions in whole-body and skeletal muscle substrate metabolism despite being weight neutral.30 On the contrary, in the 
paper of Clemmensen et al, the authors showed that in 120 patients with pre-T2D, 13 weeks of treatment with 
dapagliflozin, metformin or exercise was not associated with significant changes in fasting or post-OGTT glucagon 
concentrations.31

A recent meta-analysis of randomized controlled trials on new onset T2D patients with prediabetes showed that 
SGLT2i reduced the risk of new-onset T2D among adults with prediabetes, heart failure or chronic kidney disease.32

Clinical Studies in T1D
Remogliflozin
In a single-center, randomized, double-blinded, placebo-controlled trial, 10 individuals with T1D treated with continuous 
subcutaneous insulin infusion were enrolled. This clinical trial was the first to explore the feasibility of administering an 
SGLT2i with insulin to patients with T1D. In addition to basal insulin, subjects received five randomized treatments: 
placebo, prandial insulin, 50 mg, 150 mg or 500 mg of Remogliflozin etabonate. All Remogliflozin etabonate regimens 
significantly decreased glucose concentrations compared to placebo after a glucose load and glucose improvements were 
sustained for 10 h.33

Dapagliflozin
Dose-related trends in the magnitude of effect for fasting plasma glucose (FPG), diacylglycerol (DAG), SD of DAG, and 
mean amplitude of glucose excursion (MAGE) were suggested with dapagliflozin therapy in T1D. In 2015, a short pilot 
study among patients with T1D, dapagliflozin treatment resulted in dose-dependent urinary glucose excretion. A 2-week, 
dose-ranging, randomized, double-blind, placebo-controlled study randomly assigned 70 adults with T1D, who were 
receiving treatment with stable doses of insulin, to one of the four dapagliflozin doses (1, 2.5, 5, or 10 mg) or placebo. No 
differences between dapagliflozin and placebo were observed for the 7-point mean glucose measurements.34

A year later, in a single-center, randomized, placebo-controlled, double-blind, Phase IV study, the effect of triple 
therapy (dapagliflozin, liraglutide, and insulin) on T1D was tested. The authors observed marked improvements in 
hyperglycemic spikes. The patients received insulin therapy through continuous subcutaneous insulin infusion (CSII) or 
multiple (four or more) injections per day. All were on liraglutide therapy at maximum tolerated doses prior to the start of 
the study. Patients were randomized to receive 10 mg dapagliflozin or placebo daily for 12 weeks, and the primary end 
point of the study was the change in mean HbA1c after 12 weeks. HbA1c in the triple therapy group fell by 0.66%, 
whereas there was no significant change in the placebo group. The mean absolute total insulin dose remained unchanged 
in both groups.35

In 2018, a total of 12 male patients with T1D were randomized to receive either 10 mg of dapagliflozin or placebo for 
3 days in a double- blind, cross-over design. The short-term addition of dapagliflozin to insulin influenced neither 
postprandial glucose excursions nor insulin sensitivity. Following oral glucose, total ketone bodies decreased in parallel 
with an increase in GLP-1 concentrations, which were higher under dapagliflozin treatment compared with placebo.36

Insulin dose reductions of more than 30% were observed in Japanese patients with T1D treated with dapagliflozin 5 
or 10 mg. In a phase Ib randomized, single-blind, three-arm, placebo-controlled study has been assessed the pharmaco-
kinetics/pharmacodynamics (PK/PD) of dapagliflozin and its main metabolite, dapagliflozin-3-O-glucuronide (D3OG), in 
Japanese patients with T1D and inadequate glycaemic control. Patients with inadequately controlled T1D were rando-
mized to dapagliflozin 5 mg, 10 mg or placebo once daily for 7 days, with adjustable insulin.37

The DEPICT-1 (Dapagliflozin Evaluation in Patients With Inadequately Controlled Type 1 Diabetes) was a double- 
blind, randomised, parallel-controlled, three-arm, Phase 3, multicentre study carried out at 143 sites in 17 countries. 
Patients were randomly assigned (1:1:1) to dapagliflozin 5 mg or 10 mg once daily, administered orally or matched 
placebo. The mean difference in HbA1c from baseline to week 24 for dapagliflozin 5 mg versus placebo was −0.42%, 
and for dapagliflozin 10 mg versus placebo was −0.45%. HbA1c reduction with dapagliflozin occurred in the first 4 
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weeks, with the effect maintained throughout the duration of the study. Additionally, the mean difference in the total daily 
insulin dose from baseline to week 24 was −8.8% for dapagliflozin 5 mg versus placebo and −13.2% for dapagliflozin 
10 mg versus placebo.3 The long-term safety and efficacy of DEPICT-1 was also evaluated in the long term after 52 
weeks. The DEPICT-1 study showed that dapagliflozin as an adjunct to adjustable insulin leads to a clinically relevant 
decrease in HbA1c and total daily insulin dose reductions between patient groups stratified by baseline characteristics 
(HbA1c, continuous glucose monitoring [CGM] use, and insulin administration method).3

The DEPICT-2 was a randomized, double-blind, parallel-controlled, three-arm, multicenter, phase 3 study that 
evaluated the efficacy and safety of dapagliflozin 5 mg and 10 mg as an adjunct therapy to adjustable insulin in adult 
patients with T1D and inadequate glycemic control. The DEPICT-2 study included patients from North America, Latin 
America, Europe, and Japan, and the primary efficacy outcome was the change in HbA1c from baseline after 24 weeks. 
At week 24, there were significant reductions in HbA1c with both dapagliflozin doses versus placebo. Mean changes in 
HbA1c from baseline to week 24 versus placebo were - 0.37% and - 0.42% for dapagliflozin 5 mg and 10 mg. The initial 
reduction in HbA1c was observed in the first 4 weeks, and the effect was maintained throughout the study.4 The DEPICT- 
2 study also aimed to assess the long-term efficacy and safety of dapagliflozin in people with T1D. From baseline to 52 
weeks (24-week short-term period plus a 28-week extension), dapagliflozin 5 and 10 mg were associated with 
a significant reduction in HbA1c and an adjusted mean percentage change in body weight.4 These results support the 
long-term benefit of dapagliflozin in people with T1D of different ethnicities and countries of origin.

To quantitatively describe the relationship between dapagliflozin systemic exposure and HbA1c response among 
patients with T1D and to assess the possible impact of covariate effects, the data were pooled from DEPICT-1 and 
DEPICT-2 who received dapagliflozin 5 or 10 mg or placebo for 24 weeks.3,4 The results of the DEPICT studies showed 
that the adjunct of dapagliflozin therapy resulted in improved HbA1c and reduced body weight, without an increase in the 
risk of hypoglycemia. Baseline HbA1c was predicted to have an impact on dapagliflozin efficacy; however, the efficacy 
was not impacted to a clinically relevant extent.38 DEPICT-1 and DEPICT-2 studies had almost identical designs, which 
allowed a pooled analysis at 52 weeks, confirming that dapagliflozin provided glycaemic and weight benefits, with no 
increased frequency of severe hypoglycemia compared with placebo.39 The aim of this analysis was to report the safety 
and efficacy of adjunct dapagliflozin therapy in a pooled population from DEPICT-1 and −2 studies. Furthermore, the 
aim was to explore whether the efficacy and safety of dapagliflozin treatment differs between subgroups of patients 
according to baseline HbA1c (<75 mmol/mol [<9.0%] or ≥75 mmol/mol [≥9.0%]) or the method of insulin administra-
tion (continuous subcutaneous insulin infusion or multiple daily injections [MDI]). Both studies included an 8-week lead- 
in period to optimize diabetes management; a 24-week, double-blind treatment period (short-term period); a 28-week 
subject- and site-blinded extension (long-term period); and a 4-week follow-up period. Dapagliflozin treatment provided 
glycaemic and weight benefits, along with reductions in insulin dose over 52 weeks. The safety and efficacy of adjunct 
dapagliflozin therapy was consistent across baseline HbA1c subgroups and by the method of insulin administration. The 
subgroup analyses showed comparable efficacy results with the overall DEPICT population. Dapagliflozin was well 
tolerated and led to clinically relevant improvements in glycaemic control and weight reduction, without an increased 
risk of severe hypoglycemia. Compared to placebo, the risk of DKA was higher in patients treated with dapagliflozin. 
The authors suggested that this risk may be mitigated by appropriate patient selection and education.

In participants with BMI ≥27 kg/m2 coming from the pooled DEPICT 1 and 2 population, the efficacy and safety of 
dapagliflozin 5 mg compared to placebo, both used as an adjunct to insulin, were evaluated. Efficacy outcomes were 
analyzed at weeks 24 and 52 and included changes from baseline in HbA1c and body weight, percentage change from 
baseline in daily insulin dose, and proportion of participants who achieved HbA1c reduction ≥0.5% with no severe 
hypoglycemia. The adjusted mean change in week 52 from baseline for HbA1c was −0.26% with dapagliflozin versus 
+0.08% with placebo and for body weight was −2.74 kg with dapagliflozin versus +0.81 kg with placebo. The mean 
percentage change in daily insulin dose was −10.5% with dapagliflozin versus −1.4% with placebo. The time spent in the 
target glycaemic range increased by 2.2 h/day versus placebo.4

Also, in Japanese patients with inadequately controlled T1D, long-term dapagliflozin adjunct to insulin therapy 
improved HbA1c, reduced body weight, and reduced total daily insulin dose, and these improvements in efficacy were 

https://doi.org/10.2147/DMSO.S240903                                                                                                                                                                                                                               

DovePress                                                                                                                                

Diabetes, Metabolic Syndrome and Obesity 2023:16 3584

Maffei et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


maintained for up to 52 weeks 37,40. However, there were no differences in the efficacy parameters when stratified by 
BMI.37

Araki et al studied the efficacy and safety of dapagliflozin as an adjunct to insulin in Japanese patients enrolled in the 
DEPICT-2 study. This was a multicentre, randomized, double-blind, parallel-group, three-arm, placebo-controlled phase 
3 study to evaluate the efficacy and safety of two doses of dapagliflozin (5 and 10 mg) as an adjunct to insulin in patients 
with T1D and inadequate glycaemic control. The study confirmed that dapagliflozin treatment improved HbA1c, reduced 
body weight, and reduced the total daily insulin dose at 24 weeks and that these efficacies were maintained for up to 52 
weeks.41

The safest method of instructing the reduction of insulin dose in combination with SGLT2i, dapagliflozin, for patients 
with T1D has not been already clarified. Hamaguchi et al conducted a stratified, 2-arm, parallel comparative study with 
the primary endpoint of decreasing the frequency of hypoglycemia by instructing basal insulin dose reduction. The 
authors of the RISING-STAR study hypothesized that the frequency of hypoglycemia per day would increase after the 
administration of an SGLT2i, provided the dose of basal insulin was not titrated. This study will be conducted in 7 
research institutions and total 350 patients with T1D are being treated in these institutions. From the previous survey, 
30% of these patients are assumed to be eligible for the use of the SGLT2i, meaning that approximately 100 patients can 
use the SGLT2i with insulin.42

The effects of Dapagliflozin on glucose levels overnight and during the following day after two unannounced meals 
were investigated also under full closed loop (FCL) conditions. A combination of AID (Automated Insulin Delivery) 
with Dapagliflozin adjunct may constitute a novel approach to maximize TIR (Time in range) of glucose during insulin 
therapy, potentially helping individuals with T1D to achieve meaningful clinical benefits beyond reductions in HbA1c.40

Recently, the efficacy of the SGLT2i dapagliflozin was evaluated as an adjunct to insulin therapy in young Japanese 
T1D subjects diagnosed before 15 years old who were overweight and had inadequate glycemic control despite intensive 
insulin therapy.43 These results corroborate those reported in previous Caucasian studies and show a beneficial effect of 
adjunct dapagliflozin therapy in young people with type 1 diabetes. Twenty-two patients participated in the study. Body 
weight and BMIs were significantly reduced, insulin dose was significantly decreased (−0.17 units/kg), and glycaemic 
control improved significantly (fasting plasma glucose: −18.7 mg/dL, HbA1 c: −0.62%) during the study period.

Sotagliflozin
Sotagliflozin is a dual inhibitor of SGLT1 and SGLT2. In Phase 2 studies, sotagliflozin administration improved glycemic 
control and decreased body weight among patients with T1D or T2D; it also reduced glycemia, despite a decrease in 
insulin bolus dose, among patients with T1D.44,45

Sotagliflozin was studied in T1D in a randomized, multicenter, placebo-controlled, double-blind evaluation of 29 days 
of treatment in 33 adult patients who used their previous insulin delivery regimen: either CSII or MDI. In the 
sotagliflozin-treated group, the percent reduction from baseline in the primary end point of the bolus insulin dose was 
32.1%, accompanied by a lower mean daily glucose measured by CGM and a reduction of 0.55% (5.9 mmol/mol) in 
HbA1c. The percentage of time in the target glucose range increased from baseline with sotagliflozin compared to 
placebo, to 68.2% vs 54.0%.44

The North American inTandem1 Study is a phase 3, multicenter, randomized, double-blind, placebo-controlled, 
parallel-group study conducted at 75 sites in the US and Canada that evaluated the safety and efficacy of oral 
sotagliflozin 200 or 400 mg combined with insulin in adult patients with inadequately controlled T1D. The study 
consisted of two double-blind periods: a 24-week treatment period (the primary end-point assessment) followed by a 28- 
week double-blind extension. The placebo-adjusted reductions in HbA1c were 0.36% and 0.41% with sotagliflozin 200 
and 400 mg, respectively, at 24 weeks and 0.25% and 0.31% at 52 weeks. At 52 weeks, mean treatment differences 
between sotagliflozin 400 mg and placebo were −1.08 mmol/L for fasting plasma glucose, −4.32 kg for weight, and 
−15.63% for bolus insulin dose and −11.87% for basal insulin dose.46 Sotagliflozin 400 mg was associated with lower 
insulin doses, FPG, weight, and SBP, as well as improved glycaemic variability with less hypoglycemia. Sotagliflozin 
200 mg did not reduce bolus insulin doses; however, significant reductions in total insulin dose, FPG, and weight were 
reported.
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The European inTandem2 study is a phase 3 multicenter, randomized, double-blind, placebo-controlled, parallel- 
group study that evaluated the safety and efficacy of 200 or 400 mg oral sotagliflozin once-daily in combination with 
insulin in adults with T1D who had inadequate glycemic control. The double-blind treatment continued for 52 weeks and 
the primary end point was assessed at week 24. After 24 weeks, the difference from placebo for the primary end point of 
HbA1c was - 0.37% and - 0.35% with sotagliflozin 200 and 400 mg. After 52 weeks with 200 mg and sotagliflozin 
400 mg of sotagliflozin, the difference in HbA1c from placebo was −0.21 and −0.32%, respectively. Furthermore, FPG 
decreased significantly in both sotagliflozin groups.47 Additionally, the glycemic variability of the CGM subgroup, 
measured on the basis of the mean amplitude of glycemic excursions, improved with both doses of sotagliflozin.48

InTandem3, is a phase 3, multicenter, randomized, double-blind, placebo-controlled trial, conducted at 133 sites in 19 
countries, which evaluated the safety and efficacy of sotagliflozin in combination with insulin therapy (pump or 
injections) in patients with T1D. In the sotagliflozin group, patients received the 400 mg dose of sotagliflozin and 
continued their existing insulin regimens. A significantly higher proportion of patients in the sotagliflozin group than in 
the placebo group achieved the primary end point of HbA1c lower than 7.0% at week 24 with a difference of 
13.4 percentage points. Furthermore, in the subgroup analysis based on type of insulin therapy (pump vs no pump), 
approximately twice as many patients in the sotagliflozin group as in the placebo group, both among those who used an 
insulin pump and those who did not, achieved the primary end point.5

The inTandem4 trial is a phase 2 dose-ranging study that evaluated the effects of three doses of sotagliflozin 
combined with stable doses of insulin administered as MDI or CSII in adults with T1D. The primary outcome was the 
change in HbA1c over 12 weeks. Sotagliflozin 200 and 400 mg in combination with stable insulin doses improved 
glycaemic control and reduced weight in people with T1D who had an eGFR ≥60 mL/min/1.73 m2 and normal beta- 
hydroxybutyrate levels at screening.49

Canagliflozin
Canagliflozin was investigated in an 18-week, double-blind, phase 2 study that randomized 351 T1D patients on multiple 
daily insulin injections or continuous subcutaneous insulin infusion to canagliflozin 100 or 300 mg or placebo. At week 
18, a greater proportion of patients reached the primary endpoint and had HbA1c reduction >0.4% (>4.4 mmol/mol) and 
no increase in body weight with canagliflozin 100 and 300 mg compared to placebo (36.9%, 41.4%, and 14.5%, 
respectively). Both canagliflozin doses provided reductions in insulin dose over 18 weeks.50

The effects of canagliflozin on T1D were studied in a randomized, double-blind, treat-to-target, placebo-controlled, 
multicenter, phase 2 study consisting of a 2-week pre-randomization period followed by an 18-week double-blind 
treatment phase and 2 weeks of post-treatment follow-up. The patients were randomized to receive canagliflozin 100 
or 300 mg or placebo once daily. Measures of glucose variability assessed by 9-point self-monitoring blood glucose 
(SMBG) and CGM profiles were assessed. More patients met the primary end point of HbA1c reduction of - 0.4% (- 4.4 
mmol/mol) and no increase in body weight with canagliflozin 100 and 300 mg versus placebo at week 18 (36.9%, 41.4%, 
and 14.5%, respectively). The changes in daily mean glucose assessed by 9-point SMBG at week 18 with canagliflozin 
100 and 300 mg and placebo were 21.2, 21.1, and 0.2 mmol/L, respectively. HbA1c reductions were also observed in the 
CGM sub-study.51

Ipragliflozin
Ipragliflozin is an SGLT2i approved for the treatment of T2D in Japan since 2014. The pharmacodynamics, pharmaco-
kinetics, and safety of Ipragliflozin 25, 50, and 100 mg administered once daily for 2 weeks in Japanese patients with 
T1D who have inadequate glycaemic control with insulin therapy were evaluated in a phase 2 study. Ipragliflozin induced 
dose-dependent improvements in plasma glucose Cmax and AUC24h. Furthermore, there was a concomitant dose- 
dependent increase in mean renal glucose clearance.52 Afterwards, a phase 3 study aimed at evaluating the efficacy and 
safety of once-daily oral Ipragliflozin 50 mg was compared to placebo over 24 weeks in people with T1D inadequately 
controlled with insulin therapy. Treatment with ipragliflozin significantly reduced HbA1c, insulin dose, and body weight 
from baseline versus placebo in T1D.53
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Shimoda et al aimed to retrospectively study patients with T1D who had received Ipragliflozin during the period from 
April 1, 2019, to August 21, 2020, in the Division of Diabetes, Endocrinology and Metabolism of Kawasaki Medical 
School Hospital. The primary endpoint was the level of HbA1c at 24 weeks. The percentage reduction in insulin dose at 
the start of the Ipragliflozin administration was the following: 0–9% reduction, 8%; 10%–19% reduction, 58%; ≥20%, 
33%. HbA1c levels 8 weeks after the start of ipragliflozin administration were decreased by –0.78 ± 0.72%, and the daily 
insulin dose was reduced by 18.2 ± 8.5%. Ipragliflozin decreased HbA1c levels to 8.2 ± 1.2% and reduced the insulin 
dose to 0.52 ± 0.17 units/kg after 24 weeks. The value of HbA1c was particularly reduced in subjects with a preserved 
C-peptide index. Ipragliflozin significantly reduced body weight by –1.4 ± 1.4 kg 16 weeks after starting treatment, 
without additional weight loss after 24 weeks.54

Empagliflozin
The glycemic efficacy and safety of empagliflozin 25 mg daily was evaluated in 40 patients with T1D treated for 8 weeks 
in a single-arm open-label proof-of-concept trial. HbA1C decreased from 8.0 (64 mmol/mol) to 7.6 (60 mmol/mol), 
fasting glucose from 9.0 to 7.0 mmol/L, and daily insulin dose from 54.7 to 45.8 units/day at the end of treatment.55

EASE 1 (Empagliflozin as Adjunctive to inSulin thErapy) was a randomized, double-blind, placebo-controlled, 
parallel-group, phase 2 study conducted in one centre in Germany and one centre in Austria. Patients with T1D received 
2.5 mg, 10 mg, 25 mg, or placebo as a supplement to insulin for 28 days. Empagliflozin significantly decreased HbA1c 
concentrations compared to placebo on day 28 and significantly decreased weekly mean total recorded insulin doses 
compared with placebo.56

The totality of the phase 3 data on empagliflozin as an adjunctive to insulin in T1D including the characterization of 
a unique lower dose was evaluated. The EASE program in patients with T1D included two international, multi-center, 
phase 3, randomized, double- blind, placebo-controlled, parallel-group trials of once-daily oral empagliflozin doses 
conducted over 52 weeks (EASE-2) and 26 weeks (EASE-3). Empagliflozin 10 mg and 25 mg versus placebo was 
studied in both trials, and an additional arm (empagliflozin 2.5 mg) was included in EASE-3. The EASE program showed 
that empagliflozin improved glycemic control, as assessed by placebo-corrected HbA1c change after 26 weeks of 
treatment. The maximum effect of HbA1c was observed from week 12 of treatment, it was dose-dependent, and greatest 
with empagliflozin 10 and 25 mg doses.12

In a phase 2, double-blind, randomized, placebo-controlled, parallel-group trial, 3 doses of empagliflozin taken once 
daily for 4 weeks as an adjunct to insulin therapy were studied in Japanese participants with T1D. Empagliflozin resulted 
in a dose-dependent significant increase in 24-hour urinary glucose excretion (UGE) compared to placebo, which was 
associated with improved glycaemic control, reduced body weight, and decreased insulin needs.57

Haidar A. et al aimed to assess whether adding empagliflozin to closed-loop automated insulin delivery systems, can 
reduce the need for carbohydrate counting without degrading glucose control. In an open-label, crossover, non-inferiority 
trial, 30 adult participants with T1D, Empagliflozin added to automated insulin delivery has the potential to eliminate the 
need for carbohydrate counting and improves glycaemic control in conjunction with carbohydrate counting, but does not 
allow for the elimination of meal announcement.58 Johnston et al aimed to investigate by a semi-mechanistic model the 
interplay between empagliflozin exposures, changes in insulin dose and mean daily glucose, and their joint effect on 
HbA1c lowering. Such a framework allowed for the evaluation of insulin titration on changes in HbA1c time course. As 
expected, a greater magnitude of the percentage change from baseline HbA1c resulted from a stable insulin regimen 
(30% greater decrease), relative to an adjusted insulin regimen. The semi-mechanistic model provided comparable 
efficacy predictions for a 2.5-mg dose of empagliflozin relative to the descriptive model and the effect observed in 
EASE-3. Using the models to simulate the outcome of a 2.5 mg dose in the EASE-2 study population provided 
supportive evidence of the efficacy of a low dose of empagliflozin. 2.5 mg in patients with T1D, illustrating how 
pharmacometric analyses can support efficacy assessments in the context of limited data.59

Added Benefits
In recent years, the treatment goals of patients with diabetes have been broadened from mere glycaemia control to 
cardiovascular protection. Tight glucose control has been shown to reduce the risk of renal complications in T1D. No 
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specific interventions that can reduce the progression of kidney disease have been approved since 2001, when 
angiotensin-converting enzyme inhibitors and angiotensin-II receptor blockers were recommended for this purpose.

Among non-glycaemic benefits, in subjects with T2D, both cardiovascular and renal outcomes have been established to 
improve with SGLT2i.60 In a recent American and European consensus, it was established that, nevertheless, there are very few 
data on people with T1D, and SGLT2i have shown benefits in renal and heart failure in people without diabetes, suggesting that 
patients with T1D harboring these comorbidities could also be helped by this therapy.61 Additionally, a meta-analysis demon-
strated both kidney and eye protection related to SGLT2i, with a reduction in albuminuria and risk of diabetic eye disorders. 
These positive benefits were associated with an improvement in continuous glucose monitoring rather than in HbA1c.62

Kidney and Systemic Complications
The effect of 24 weeks of empagliflozin treatment on urine albumin-to-creatinine ratio (UACR) in patients with T2D and either 
microalbuminuria or macroalbuminuria was evaluated in patients who participated in one of the five phase 3 randomized 
placebo-controlled clinical trials with primary endpoints related to glucose lowering. Treatment with empagliflozin significantly 
reduced UACR in patients with microalbuminuria (−32% vs placebo) or macroalbuminuria (−41% vs placebo). Most of the 
UACR-lowering effects were not explained by improvements in HbA1c, SBP, or weight.63 In the post-hoc pooled analysis of the 
DEPICT studies, the effect of dapagliflozin as an adjunct to insulin on the UACR and the estimated glomerular filtration rate 
(eGFR) was investigated in a subgroup of participants with T1D and albuminuria (UACR ≥30 mg/g) at baseline. In this study, 
dapagliflozin used as an adjunct to insulin resulted in a reduction in UACR in individuals with T1D and baseline albuminuria, and 
this effect appeared to be dose dependent.64 Laursen et al aimed to evaluate the acute effects of SGLT2 inhibition on renal 
oxygenation evaluated by MRI in individuals with T1D and albuminuria. The authors hypothesised that renal oxygenation could 
be improved within six hours, as previous studies have demonstrated rapid plasma uptake of dapagliflozin and subsequent dose- 
dependent induction of glucosuria. Dapagliflozin significantly reduced at MRI the renal cortical R2* (corresponding to an 
improved oxygenation) compared to placebo after six hours. This occurred without differences between dapagliflozin and 
placebo in blood oxygenation, renal tissue perfusion, renal blood flow, autonomic nerve function, or mitochondrial energy 
production. These findings are consistent with the hypothesis that acute inhibition of SGLT2 improves renal cortical oxygenation 
by reducing energy expenditure by inhibiting oxygen-demanding glucose and sodium cotransport in the renal proximal tubule. 
This improved oxygenation may contribute to the long-term renal beneficial effects of SGLT2i.65 Sotagliflozin, in addition to 
renal inhibition of SGLT2 and its effect on UGE, reduces postprandial hyperglycemia by reducing glucose absorption via local 
SGLT1 in the gut.66 In a 52-week pooled analysis, 1575 adults enrolled in the Tandem1 and Tandem2 trials were randomized to 
Sotagliflozin 200 mg, 400 mg, or placebo in addition to optimized insulin therapy.67 Sotagliflozin showed beneficial effects on 
clinical parameters of cardiorenal health such as GFR, UACR, blood pressure, hematocrit, serum albumin, and uric acid.64 

Stougaard et al performed a simulation analysis to estimate the risk of CVD and ESKD in persons with T1D with and without 
SGLTi treatment using the Steno T1 Risk Engines. The engines are based on detailed clinical data from Danish electronic health 
records of approximately 5000 individuals with T1D treated at Steno Diabetes Centre Copenhagen in combination with data 
from the Danish National Patient Register and Cause of Death Register. The authors found a significant reduction in CVD and 
ESKD risk, especially in the subgroup with albuminuria.68

In a 12-week, prospective, double-blind randomized clinical study, 40 male patients with T1D have been studied for 
the possible effects of empagliflozin on top of metformin treatment on endothelial function and arterial stiffness 
parameters. Empagliflozin, metformin and empagliflozin/metformin significantly improved endothelial function and to 
a comparable level. Arterial stiffness was maximally decreased in the group treated with the empagliflozin/metformin.69

The EASE (Empagliflozin as Adjunctive to inSulin thErapy) program in patients with T1D showed at 26 weeks 
(EASE-2) and 52 weeks (EASE-3) a weight loss (up to 23.4 kg), an increased glucose time in range (up to +3 h/day), and 
reductions in insulin need (up to 213%) and blood pressure (up to 23.9 mmHg for systolic).12

Liu et al performed a post hoc metabolomic analysis on plasma and urine samples from participants in the ATIMRA 
trial. This 8-week, single-armed open-label pilot study was designed to determine the effect of empagliflozin on renal 
hyperfiltration in subjects with T1D. The tricarboxylic acid (TCA) cycle, the biosynthesis of unsaturated fatty acids, 
butanoate, propanoate, and alanine, aspartate, and glutamate metabolites increased after empagliflozin treatment under 
clamped euglycemia. In addition, plasma pyruvate levels were significantly reduced after empagliflozin treatment. 
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Empagliflozin significantly affected metabolites associated with the TCA cycle and lipid metabolism, while altering 
metabolic responses to hyperglycemia, indicating a potential change in the use of metabolic substrates.70

Iatrogenic hypoglycemia (IAH) is the most common acute complication of insulin therapy in T1D. Fifteen patients with 
T1D and IAH were included in a randomized double-blind, placebo-controlled cross-over trial.71 The patients were treated 
with dapagliflozin 10 mg once a day or matching placebo, with a washout period of 2 weeks. At the end of each treatment 
period, participants underwent a modified hyperinsulinaemic normoglycemic- hypoglycemic glucose clamp. Blinded con-
tinuous glucose monitors were used in the final treatment weeks. Eight weeks of dapagliflozin treatment did not restore 
hypoglycemic awareness in people with T1D and impaired awareness of hypoglycemia but improved some clinical aspects.72 

However, it reduced the need for exogenous glucose to maintain hypoglycemia during the clamp.72 Dapagliflozin also reduced 
HbA1c and improved glucose variability without increasing the frequency of hypoglycaemia or the time spent below the range 
of normoglycaemia. Shaffer et al73 studied by a euglycemia-hypoglycemia clamp procedure the effects of SGLT2 inhibition 
on the counterregulatory response to hypoglycemia. Although they found a 32% higher basal glucagon concentration after 
dapagliflozin treatment, SGLT2 did not restore the glucagon counterregulatory response of glucagon to hypoglycemia. In 
a randomized, double-blind, crossover design trial, the effects of SGLT2 inhibition on the counterregulatory response to 
hypoglycemia were evaluated in 22 participants with T1D who received 4 weeks of dapagliflozin 5 mg daily and 4 weeks of 
placebo. The authors provide evidence that SGLT2 inhibition does not alter the physiological response to hypoglycemia, 
improve recovery from hypoglycemia, or improve cognitive function during episodes of hypoglycemia.73

Baba et al aimed to elucidate the effects of SGLT2i on the body composition and blood glucose variability of Japanese 
patients with T1D in a 52-week single-center, open-label, single-arm interventional study. Participants received a 50 mg daily 
dose of ipragliflozin, and their insulin dose was reduced by 10–20% prior to ipragliflozin administration to avoid hypogly-
cemia. In this study, body weight decreased rapidly after the administration of the SGLT2i, and this reduction was maintained 
for a long time. Glycaemic variability, represented by standard deviation and mean amplitude of glucose excursion (MAGE), 
also decreased with the administration of the SGLT2i. There were no notable changes in total body water between 12 and 52 
weeks. Ipragliflozin decreased fat mass, muscle mass, and bone mineral content. Compared to baseline, the reduction ratio 
indicates that total fat mass is the dominant factor, which is affected by the use of SGLT2i.74

In a recent meta-analysis, no differences were observed for cardiovascular, metabolic, and safety outcomes between 
SGLT1/2 inhibitors and SGLT2 inhibitors in patients with T1D.75

Real-World Data
The Diabetes Prospective Follow-up Registry DPV (Diabetes-Patienten-Verlaufsdokumentation) has followed patients 
with diabetes since 1995. DPV data on patients with all T1D (regardless of their disease stage and treatment strategy) are 
collected every 6 months from centres in Germany, Austria and Switzerland using DPV software, and the anonymized 
data are sent to the University of Ulm. In this observational trial in clinical practice, the selection of patients with T1D for 
SGLT2i treatment appears to be triggered primarily by the presence of higher HbA1c and BMI in combination with the 
requirement for higher insulin doses, higher blood pressure, and the presence of microalbuminuria. This pre-selection of 
patients may also explain in part the somewhat larger reductions in HbA1c in this real-world evidence study compared to 
the results of controlled licensing trials of SGLT2is in T1D. The authors concluded that the overall use of SGLT2is in 
adults with T1D is rare in real-world clinical practice.72

A retrospective cohort study in two European centers evaluated the efficacy and safety of SGLT2i treatment in T1D.76 

During 12 months, the use of SGLT2i was associated with significant reductions in HbA1c, body weight, and daily 
insulin requirements among individuals with baseline HbA1c >8.0%. Fifty-seven individuals (28.6%) reported adverse 
events: 45 with genital infections (22.6%), 5 ketosis episodes (2.5%), and 7 DKA (3.5%).76

Fallatah et al reported a real-world clinical experience in the off-label use of empagliflozin in Saudi patients with T1D. 
They have shown a significant reduction in HbA1c of 0.8% from baseline after a mean follow-up duration of treatment of 15 
months. Moreover, there was an average non-significant weight reduction of 1.7 kg, but a significant reduction in the total 
daily insulin dose of 2.9 units.77

Edwards et al recently conducted a retrospective cohort study of all instances of GLP-1 RA and SGLT2i use as 
adjuvant therapy by people with T1D in a single, large academic institution. While SGLT2i demonstrated efficacy in 
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improving HbA1c and reducing the basal insulin dose, no weight reductions or the total daily dose of insulin demon-
strated in clinical trials were observed in this real-world cohort. GLP-1RAs were initiated most frequently for weight loss 
and improved glycemic control, while SGLT2i were initiated most frequently for improved glycemic control, reduced 
insulin dose, and reduced glucose variability.78

Adverse Events
Although SGLTi therapy has shown improvements in glycaemic control, weight loss, and other risk reductions, several 
studies have documented an important increase in the risk of DKA,3–5 a serious and life-threatening adverse event of 
these drugs. Ketosis is defined as increased levels of ketones (b-hydroxybutyrate and acetoacetate) in the blood or urine, 
and ketoacidosis is ketosis associated with anion gap metabolic acidosis. DKA is generally associated with hypergly-
cemia in individuals with diabetes and serum ketones >3.0 mmol/L.

Based on the pharmacology and physiology of SGLT2i, some mechanisms involved in the development of DKA can be 
suggested. On the one hand, the reduction of total daily insulin doses may cause a decrease in inhibiting lipolysis and ketogenesis. 
On the other hand, SGLT2i induces an increase in glucagon, which increases lipolysis and ketogenesis. SGLT2i has also been 
proposed to decrease the excretion of ketone bodies.48,79 In a recent meta-analysis and meta-regression, it has been demonstrated 
that the risk of DKA was determined by four independent predictors: BMI and baseline insulin resistance (defined by an 
estimated glucose disposal rate) explained 86% of the variance. In particular, the risk of DKA began with BMI more than 27 kg/ 
m², which coincides with the cut-off of the indication for SGLT2i. Furthermore, during insulin dose down-titration, the risk of 
DKA was related to individual insulin sensitivity at baseline: the higher the insulin resistance, the more cautious the reduction in 
total insulin dose should be to prevent inhibition of lipolysis and ketogenesis. Finally, volume depletion, together with insulin 
reduction, represented a trigger for DKA, through the activation of the catecholamine and corticosterone axis and increased 
lipolysis of adipose tissue.62 Other recognized risk factors for DKA associated with SGLT2i therapy were reduced or inconsistent 
carbohydrate intake, excessive alcohol use, illicit drugs, viral or bacterial infection, vomiting, insulin pump or infusion site 
failure.48 Thus, patients to candidate to SGLT2i therapy needed to be adequately selected to mitigate the associated risk of DKA. 
Briefly, it was recommended to adjust the appropriate insulin dose to avoid insulinopaenia, starting with a low dose of SGLT2i, 
and to measure ketone levels with prompt action to address elevated values as sensible precautions.48 Recently, Stougaard et al 
calculated the incidence of DKA in people with T1D treated with SGLT2i in Denmark. From a population of 10.500, they 
observed 134 people treated with SGLT2i over a total period of 222 patient-years and median duration of treatment was 12 
months. They found that none of the participants developed DKA during treatment.68

Beyond DKA, other adverse events have been demonstrated with SGLTi therapy. Both dapagliflozin and sotagliflozin can 
cause intravascular volume depletion, which may sometimes manifest as symptomatic hypotension or acute transient changes 
in creatinine. This effect is particularly evident in patients with renal failure, the elderly, in patients with low systolic blood 
pressure, and in patients on diuretics. Serious urinary tract infections, including urosepsis and pyelonephritis, that require 
hospitalization have been reported in patients receiving SGLT2i, including dapagliflozin and sotagliflozin. In addition, genital 
mycotic infections are higher with this therapy. Dapagliflozin can increase the risk of hypoglycemia when combined with 
insulin or an insulin secretagogue. Therefore, a lower dose of insulin or insulin secretagogue may be required to minimize the 
risk of hypoglycemia when these agents are used in combination with dapagliflozin. Common adverse reactions to sotagli-
flozin are gastrointestinal disorders, such as diarrhoea and flatulence, and serum lipids increased. One of the most common 
adverse reactions associated with dapagliflozin was nasopharyngitis. Reports of necrotizing fasciitis of the perineum 
(Fournier’s Gangrene), a rare but serious and life-threatening necrotizing infection that requires urgent surgical intervention, 
have been identified in post-marketing surveillance in patients with diabetes mellitus receiving SGLT2i, including dapagli-
flozin and sotagliflozin. To prevent serious outcomes, including hospitalization, multiple surgeries, and death, it has been 
indicated to evaluate patients who present with pain or tenderness, erythema, or swelling in the genital or perineal area, and 
with fever. Finally, an increase in cases of lower limb amputation (primarily of the toe) has been observed in clinical studies 
with sotagliflozin.80,81

Recently, Zou et al studied by a meta-analysis the safety of sotagliflozin in patients with T1D and T2D. They 
confirmed that in T1D sotagliflozin could increase the risk of genital mycotic infection, acidosis-related adverse events, 
diarrhoea, and volume depletion. Table 2 shows a resume of all adverse events of dapagliflozin and sotagliflozin. 
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Speculatively, the use of a dose of 200 mg instead of 400 mg for sotagliflozin and a 5-mg rather 10-mg dose of 5 mg 
instead of 10 mg for dapagliflozin could help limit unwanted effects.82

Association Therapy
Since both GLP-1RA and SGLT2i show efficacy in improving glycaemic controls as adjunctive treatment in T1D, very 
few studies investigated the combination of the two therapies in addition to insulin.

Two large multicentre phase three trials, ADJUNCT ONE and ADJUNCT TWO, investigated the long-term effects and 
safety of adding a Glucagon-like peptide 1 receptor agonists (GLP-1RA), liraglutide to insulin for the treatment of T1D.17,18 In 
ADJUNCT ONE, after 20 weeks Hb1Ac was of 0.8% in the liraglutide 1.8 mg versus the placebo group with a corresponding 
mean reduction in body weight reduction of 4.9 kg. In ADJUNCT TWO, there was a statistically significant reduction in mean 
HbA1c in the liraglutide groups versus placebo (placebo-corrected reduction −0.35%, for dose 1.8 mg), at week 26 and a mean 
body weight reduction in a dose-dependent manner (−5.1 Kg for dose 1.8 mg) versus placebo (−0.2 kg).83,84

In an RCT that enrolled 26 patients for 12 weeks, it was investigated whether dapagliflozin addition to an already 
established regimen of insulin and liraglutide results in a significant improvement in glycemia and body weight. In the 
triple therapy group, HbA1c decreases by 0.66%, versus the placebo group, with an unchanged incidence of hypogly-
cemia and a body weight decrease in 1.9 kg versus placebo.35

Further studies are currently being conducted with a combination of exenatide and dapagliflozin and a combination of 
semaglutide and dapagliflozin to determine whether this approach would yield better outcomes. These trials could also 
settle the DKA risk in patients undergoing triple therapy. Incoming and ongoing clinical trials are shown in Table 3.

Table 2 Clinical Characteristics of Dapagliflozin and Sotagliflozin

Dapagliflozin Sotagliflozin

Efficacy Both T2D and T1D Both T2D and T1D

Adverse events

Gastrointestinal events √ √ common (diarrhoea and flatulence)

Volume depletion √ √ common

Diabetic ketoacidosis √ common √ common

Genitourinary infections √ common (female genital mycotic 

infections: very common)

√ common (female genital mycotic 

infections: very common)

Nasopharyngitis √ –

Hypoglycemia √ –

Renal injury √ √ common

Fournier’s gangrene √ rare √ rare

Amputations – Under investigation

Serum lipids increased √ Under investigation

Haematocrit increased √ Under investigation

Regulatory decision FDA: approval only for T2D 

EMA: approval only for T2D

FDA: approval only for T2D 

EMA: approval only for T2D

Abbreviations: T2D, Type 2 Diabetes mellitus; T1D, Type 1 Diabetes Mellitus; FDA, Food and Drug Administration; EMA, European Medicines 
Agency.
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Table 3 Ongoing Clinical Trial on SGLT2 Inhibitors in T1D

Trial Title Details Trial 
status

Dapagliflozin in Physical Exercise in Type 1 Diabetes NCT04049110 SGLT-2 Inhibition Using Dapagliflozin During and After Physical Exercise - Effects on Glycemic 

Variability, Hormonal Regulators of Glucose Homeostasis and Ketone Body in Type 1 Diabetes - 
a Randomized, Placebo-controlled, Open-label, Cross-over Intervention Study. 

Two arms: 1) Dapagliflozin followed by placebo and 2) Placebo followed by Dapagliflozin 

Primary outcome measure: MAGE will be calculated via sensor glucose measurements obtained over 
72 hours after physical exercise 

Secondary outcome measure: Glucagon-like peptide I, glucagon, Ketone bodies, Free fatty acids, 

Somatostatin

Recruiting

Dapagliflozin Plus Pioglitazone in T1DM NCT03878459 Aim: To examine the effect of addition of combination therapy with dapagliflozin plus pioglitazone to 

insulin on glucose control and plasma ketone concentration in patients with type 1 diabetes (T1D) 
After screening, eligible subjects will start 4 week run in. At week 4, subjects will receive dapagliflozin 

for 12 weeks. At week 16, subjects will be randomized to receive in a double blind fashion 

pioglitazone or placebo for 16 weeks. 
Two arms: Pioglitazone vs placebo 

Primary outcome measure: Hba1c 

Secondary outcome measure: Plasma ketones and insulin dose

Recruiting

Ketone Monitoring in T1D: Effect of SGLT2i During Usual Care and With 
Insulin Deficiency NCT05541484

This proposed study will test whether measurement of breath acetone (BrAce) can be used for the 

purpose of identifying ketosis (elevated ketones) in persons with T1D. This is important for the 
potential use of SGLT2i in persons with T1D. 

Two arms: 1) Participants will test the breath ketone analyzer under usual care conditions followed 

by usual care plus SGLT2i treatment and 2) Participants will test the breath ketone analyzer under 
usual care plus SGLT2i treatment followed by usual care. At the end of each segment, participants 

will undergo a one-day insulin withdrawal period with more intense monitoring. 

Primary outcome measure: ketone levels in blood and breath. 
Secondary outcome measure: Ketone levels in persons with T1D during usual care versus usual care 

plus SGLT2i treatment and Ketone levels in persons with T1D undergoing insulin withdrawal.

Recruiting
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Triple Therapy in T1DM NCT03899402 To assess whether the addition of dapagliflozin to semaglutide and insulin (triple therapy) improves 
glycemic control in patients with T1D compared with semaglutide and insulin (dual therapy) and 

insulin only (standard) treatment. This will be a two-center, randomized, open-label then double- 

blind, parallel group, placebo and standard of care controlled prospective study in T1D. 
Four arms: 1) Controls patients treated with standard of care insulin, 2) dual therapy, patients treated 

with insulin and semaglutide, 3) triple therapy, patients treated with insulin, semaglutide and 

Dapagliflozin and 3) placebo comparator, patients treated with insulin, semaglutide and placebo. 
Primary outcome measure: Hba1c 

Secondary outcome measures: hyperglycemia, hypoglycemia, time in range, fructosamine, Weekly 

fasting glucose indices, insulin indexes, body weight, blood pressure and diabetic ketoacidosis.

Recruiting

Study to Explore the Effect of Dapagliflozin and Stress in Adolescent and 
Adults subjects With Type 1 Diabetes (T1D) (Dapa-Stress) NCT04234867

A Randomized, Double-Blinded, Placebo-controlled, Single-center Phase 1 Pilot Study to Explore the 

Effect of Dapagliflozin and Stress (i.v. ACTH) on the Development of DKA After Insulin Withdrawal 
in Adolescent and Adult Subjects With T1D 

Four arms: 1) Dapagliflozin – Stress Administration of 10mg dapagliflozin oral for 5 days and one i.v. 

administration of 250µg ACTH (Synacthen), 2) Dapagliflozin and Placebo Stress 
Administration of 10mg dapagliflozin oral for 5 days and one i.v. administration of Placebo matching 

Synacthen, 3) Administration of placebo oral for 5 days identical to dapagliflozin and one i.v. 

administration of 250µg ACTH and 4) Administration of placebo oral for 5 days identical to 
dapagliflozin and one i.v. administration of Placebo matching ACTH. 

Primary outcome measure: time to development of DKA 

Secondary outcome measure: time to decrease of pH level

Recruiting

Adolescent Type 1 Diabetes Treatment With SGLT2i for hyperglycEMia 
and hyPerfilTration Trial (ATTEMPT) NCT04333823

The ATTEMPT (Adolescent Type 1 diabetes Treatment with SGLT2i for hyperglycEMia and 

hyPerfilTration Trial) is a multi-center, double-blinded, randomized, placebo-controlled trial to 
evaluate the effect of treatment with Dapagliflozin when compared to placebo, in combination with 

adjustable insulin, on measured GFR in adolescents with T1D 12 to <19 years of age over a 16-week 

treatment period. 
Two arms: 1) Dapagliflozin 5mg tablet taken by mouth once daily for 16 weeks and 2) Placebo tablet 

taken by mouth once daily for 16 weeks. 

Primary outcome measure: Measured Glomerular Filtration Rate 
Secondary outcomes measures: HbA1c, Diabetes Ketoacidosis, Hypoglycemic events, Urinary and 

Genitourinary Tract Infections, ambulatory glucose profiles, time-in-range, body weight, body mass 

index, Tanner pubertal staging, Total Daily Insulin Dose, Flow-Mediated Dilation, Pulse Wave Velocity, 
Heart Rate Variability, Caloric Intake, Macronutrient Intake, Diabetes Treatment Satisfaction 

Questionnaire, Diabetes Management Questionnaire, functional renal imaging, Change in blood 

glucose levels from pre- to post-exercise and Change in TIR during a moderate activity exercise 
session.

Recruiting
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Table 3 (Continued). 

Trial Title Details Trial 
status

Combination Adjunctive Therapy to Address Multiple Metabolic 
Imbalances in Type 1 Diabetes (SOTA) NCT05696366

This is a single site, double-blind, placebo-controlled, crossover trial to quantify the effects of 
combination adjunctive therapy on glycemic control, ketogenesis during insulinopenia, insulin 

resistance, and diabetes burden and quality of life. 

Three arms: 1) Active comparator sotagliflozin. Each participant will receive 12-week insulin- 
adjunctive treatment with both: (a) SGLT2i (sotagliflozin 200 mg PO each day) + Placebo and (b) 

SGLT2i + GRA (volagidemab 35 mg subcutaneously each week), in a random-order, cross-over 

design with a 14-week washout period between treatment periods. 2) Active comparator 
volagidemab with previous therapeutic scheme. 3) Placebo Comparator: Placebo with previous 

therapeutic scheme. 

Primary outcome measure: HbA1c 
Secondary outcome measures: CGM provides much more granular data relating to glucose trends 

and time spent in target glucose range, above range (hyperglycemia), and below range 

(hypoglycemia). Change in ambulatory insulin dosing as shown through subject insulin diary.

Not yet 
recruiting

Note: Data from Clinicaltrial.gov. Available from: https://clinicaltrials.gov/search?cond=Type%201%20Diabetes%20Mellitus&term=SGLT2-Inhibitors.85 

Abbreviations: SGLT-2i, sodium glucose co-transport inhibitors; MAGE, mean of the amplitude of glucose excursions; T1D, type 1 diabetes; BrAce, measurement of breath acetone; Hba1c, hemoglobin A1C; ACTH, 
Adrenocorticotropic hormone; GFR, Glomerular Filtration Rate; TIR, Time in Range; GRA, glucose receptor antagonist; CGM, Continuous glucose monitoring; PO, per os.
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Conclusion
SGLT2i potentially addresses some of the unmet needs associated with T1D by improving glycaemic control with weight 
loss and without increasing hypoglycemia, by reducing glycaemic variability. Further studies will be needed to determine 
the safety of this therapy in T1D or pre-T1D and to define the type of patient who can benefit most from these 
medications. In the project of next clinical trials, patients’ inclusion criteria should be carefully defined in order to reduce 
the adverse events. Treatment of T1D has to consider all the available medications and introduces a risk-benefit 
estimation tool that permits 1) to select patients that benefit most from SGLT2i therapy (ie, individuals with higher 
glycated haemoglobin and higher body mass index); 2) to weigh carefully risk and benefits on cardiovascular, renal and 
metabolic comorbidities and 3) to exclude groups at greatest risk. The trial design also has to consider the use of the 
lowest dose of SGLT2i and the possible combination with other glucose-lowering agents. The introduction of new trial 
designs of personalized medicine concepts will allow a reduction in adverse events and an increase in confidence in 
prescribing SGLT2i in T1D patients.
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