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ABSTRACT 
 

Background: Type 1 diabetes mellitus is the main risk factor for cardiovascular complications. 
Therefore, intensified insulin therapy might be needed to achieve better glycemic control in some 
patients. However, insulin therapy might lead to increase body weight and induce hypoglycemia. 
Increase body weight is directly correlated to insulin resistance, the main factor for cardiovascular 
risk.  
Objective: To assess the effectiveness of adding SGLT2 inhibitors to insulin therapy in type 1 
diabetes mellitus.  
Methods: We searched in the PubMed database looking for relevant articles on the topic. We used 
Mesh words search, including SGLT2 inhibitor, sotagliflozin, type 1 diabetes mellitus, insulin 
treatment.  
Conclusion: Adding oral antidiabetic agents, such as SGLT2 or dual SGLT inhibitors to insulin 
regimen might be beneficial in improving insulin resistance. Thus, it achieved better insulin 
resistance by decrease daily insulin requirements and bodyweight control, leading to better 
cardiovascular outcomes among Type-1 diabetes patients.  
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1. INTRODUCTION 
 
Type 1 diabetes mellitus (T1DM) is a chronic 
autoimmune disease manifested by immune-
mediated destruction of pancreatic beta cells, 
resulting in decreased or absent insulin secretion 
[1-2]. As a result, hypoglycemia is developed 
with increase glucagon concentration in the 
fasting and postprandial state [1-2]. The disease 
resulted from a combination of genetic 
susceptibility and environmental factors, and it is 
the most common chronic metabolic disease in 
childhood, affecting all parts of the body, 
significantly, micro and macrovascular 
components [1, 3].  
 
The goal of T1DM management is to ensure 
alpha-cell suppression, reduce HbA1c without 
increasing the risk of hypoglycemia, induce 
weight loss in obese patients and reduce 
cardiovascular risk. Moreover, adequate insulin 
therapy is the mainstay of treatment and 
prevents late diabetic complications; 
nevertheless, intensified insulin therapy also 
increases the risk of hypoglycemia [2] 
 
Further, intense insulin therapy is associated with 
weight gain, increased blood pressure, and LDL-
cholesterol, negatively increasing cardiovascular 
risk. In addition, obesity is a progressive disorder 
among T1DM patients, with an estimated 
incidence of about 50% in developed countries 
[2]. Notably, the risk of hypoglycemia becomes 
apparent once the HbA1c approaches optimal 
levels. Therefore, adding an oral hyperglycemic 
agent can be a reasonable option to improve 
glycemic control and reduce the risk of late 
diabetic complications, especially cardiovascular 
disease [4]. 
 
Activity of Sodium-glucose co-transporter: 
Sodium-glucose co-transporter-2 inhibitors 
(SGLT2i) are oral antidiabetic agents that reduce 
renal glucose reabsorption and induce glucosuria 
[5]. SGLT-2 is the primary transporter in the 
kidney, responsible for almost 97% of the 
transport across the luminal membrane, where 
SGLT1 is responsible for 3% [6]. Recent clinical 
trials approved the cardiovascular safety of 
SGLT2i and cardiovascular protection, such as 
decreased hospitalization for heart failure in 
diabetic people atherosclerotic complications [5]. 
However, SGLT1 is found predominantly in the 
small intestine for glucose absorption, where 

missense mutation in SGLT1 resulted in glucose 
intolerance, obesity, and cardiometabolic risk          
[7]. 
 
Sotagliflozin, a novel, first-in-class dual SGLT1, 
and SGLT2 inhibitor (SGLTi), glucose reduction 
through the gut and the kidneys. The additional 
effect of sotagliflozin provides incremental 
benefits over selective SGLT2i by preventing 
post-prandial glycemic excursions and glycemic 
variability, reducing bolus insulin correction, and, 
significantly, reducing hypoglycemic events. 
Additionally, glucose availability in the distal 
small intestine stimulates glucagon-like peptide-1 
(GLP-1), resulting in enhanced weight loss and 
counteracted glucagon-induced ketogenesis               
[7]. 
           
Moreover, SGLT1 is expressed in the salivary 
glands, liver, lung, skeletal muscle, heart, 
pancreatic alpha cells, and brain, but their effect 
in these tissues is unknown [8]. Their combined 
inhibition leads to blunting and delaying glucose 
absorption from the gastrointestinal system and 
reducing the glucose reabsorption, respectively 
[8-9]. Additionally, sotagliflozin is 20-time                 
more selective for SGLT2 compared to SGLT1 
[8]. 
 
The additional effect of SGLTi with insulin in 
people with T1DM: Gaining weight could be the 
adverse outcome of long-term insulin 
monotherapy in T1DM, which may progress to 
microvascular and macrovascular diabetic 
complications. Consequently, the addition of 
pharmacological therapy to insulin regimen in 
T1DM patients started to gain some interest in 
the clinical research field. Further, SGLT2i alone 
was found to be effective in addition to insulin 
regimens in T1DM. In addition, osmotic diuresis 
and natriuresis lead to weight loss, which 
indirectly affects and improves blood pressure 
[9]. 
  
In regards to the SGLTi, sotagliflozin was tested 
in three large phases 3 randomized clinical trials 
in the inTandem clinical program that evaluated 
the efficacy and safety of sotagliflozin in addition 
to insulin therapy for T1DM treatment. As a 
result, sotagliflozin initiation leads to a 30% 
reduction in mealtime insulin at the first meal. 
Moreover, a reduction in the total daily dose of 
insulin and bolus insulin dose was noticed after 
sotagliflozin initiation. Adverse outcomes, like 
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hypoglycemia, were similar in the sotagliflozin 
group and placebo group. Nevertheless, the use 
of sotagliflozin was associated with an increased 
risk of DKA and genital mycotic infections. In 
addition, it was associated with diarrheal 
illnesses and volume depletion [10].  
 
Further clinical trials confirm the clinical efficacy 
of adding sotagliflozin to insulin therapy, 
including reducing HbA1c, insulin dose, 
hypoglycemic attacks, and potential decrease in 
blood pressure and body weight. Therefore, the 
cardioprotective effect of SGLT2i in people with 
T2DM might hopefully be similar in people with 
T1DM. Importantly, the long-term effect of T1DM 
on the cardiovascular system should be 
considered more than T2DM. Likewise, DKA was 
marginally higher with sotagliflozin than 
dapagliflozin [11]. In the inTandem1 and 
inTandem2 trials, the addition of sotagliflozin 200 
or 400mg once daily to insulin therapy showed a 
significant reduction in HbA1c compared to 
placebo [12]. 

 
In the inTandem3 trial, a 400mg/day sotagliflozin 
daily reduces HbA1c by 0.46%, weight loss 
around 3kg, and systolic blood pressure was 
3.5mmHg in the sotagliflozin group compared to 
placebo [12-13]. The trial achieved HbA1c <7% 
without reported severe hypoglycemia or DKA at 
week 24 weeks in randomized patients to a 
400mg of sotagliflozin compared to placebo, 
which is the primary endpoint [13-14]. Similarly, 
the addition of sotagliflozin to insulin therapy 
reduced total bolus and basal insulin doses [12]. 
The primary endpoint was successfully achieved 
mainly in the sotagliflozin group (28.6%) 
compared to the placebo group (15.2%) [15] 
However, more frequent volume depletion, 
diarrhea, or genital infection were reported in the 
sotagliflozin group [13-14]. 
 
In a meta-analysis comparing SGLT2i to 
placebo, the conclusion favored adding SGLT2i 
to insulin therapy due to the beneficial effects, 
such as better glycemic control, weight loss, 
lower insulin dosage, without the risk of 
hypoglycemia. Nonetheless, this combination 
should be used with caution and proper 
education and counseling due to the increased 
risk of DKA and genital infection [16]. Moreover, 
in Thomas Danne et al. analysis, adding 
sotagliflozin to insulin therapy resulted in lower 
hypoglycemia events than the placebo group. 
Both 200 and 400mg of sotagliflozin were related 
to a substantially lower incidence of 
hypoglycemic attacks than placebo [17]. 

2. SAFETY CONSIDERATION 
 
Overall, SGLT2 alone is considered to be a safe 
agent regarding hypoglycemia due to the 
counteracting effect of reduced HbA1c and body 
weight due to improved chronic balance [18]. 
Further, SGLT2i use might increase the risk of 
amputations, fractures, and diabetic 
ketoacidosis, despite being rare [19]. Multiple 
case reports have correlated SGLT2i to 
increased risk of DKA, which led to the Food 
Drug Administration (FDA) warning in May 2015 
[20]. The relative risk of DKA induced by SGLT2i 
was 2.81, with 95% CI, reported in Giovanni 
Musso et al. meta-analysis [21]. The adverse 
outcomes of sotagliflozin were generally similar 
to the reported outcomes with SGLT2i in type 2 
diabetes mellitus, including genital mycotic 
infection and DKA [22]. 
 

3. CONCLUSION 
 
Controlling blood glucose in type 1 diabetes 
mellitus is the main factor in controlling micro and 
macrovascular complications, particularly 
cardiovascular disease. Therefore, the additional 
effect of SGLT2 or a combination of SGLT1 and 
SGLT2 inhibitors to insulin therapy gains a lot of 
interest in medical research. Adding SGLT2 
inhibitors resulted in decreased insulin 
requirement, which leads to bodyweight control 
and subsequently reduces insulin resistance, 
which is the main factor for cardiovascular 
disease. Further, the SGLT2 inhibitor beneficial 
effect was noticed to be with no increased risk of 
hypoglycemia. However, certain adverse 
outcomes should be dealt with cautiously, 
including increased risk of diabetic ketoacidosis 
and genital infection. 
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