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Introduction

Type 1 diabetes (T1D) is associated with an increased risk 
of cardiovascular morbidity and mortality, driven by vari-
ous cardiovascular risk factors including elevated HbA1c 
and hypertension.1,2 Up to 73% of persons with T1D have 
hypertension,3,4 which leads to arterial stiffness. Along 
with associated measures such as pulse pressure (a surro-
gate for pulse wave velocity), mean arterial pressure 
(MAP; a measure of cardiac output), systemic vascular 
resistance, central venous pressure, and double product (a 
measure of cardiac workload and myocardial oxygen 
demand), arterial stiffness is considered another independ-
ent risk factor for cardiovascular events in T1D.5,6
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Abstract
Objective: Evaluate the effect of sotagliflozin, a dual inhibitor of sodium glucose cotransporter (SGLT) 1 and 2, on 
arterial stiffness in patients with type 1 diabetes (T1D) treated with sotagliflozin as adjunct to optimized insulin therapy.
Methods: In this post hoc analysis, indirect markers of arterial stiffness, including pulse pressure, mean arterial pressure 
(MAP), and double product, were calculated using observed systolic blood pressure (SBP), diastolic blood pressure 
(DBP), or pulse rate at 24 weeks using data from a pooled patient population from the inTandem1 and inTandem2 
randomized controlled trials (n = 1575).
Results: Baseline characteristics were similar among groups. Relative to placebo at Week 24, sotagliflozin 200 mg and 
400 mg reduced SBP by 2.03 mm Hg (95% CI −3.30 to −0.75; p = 0.0019) and 2.85 mm Hg (−4.12 to −1.57; p < 0.0001), 
respectively. DBP decreased by 1.1 and 0.9 mm Hg, MAP by 1.4 and 1.6 mm Hg, and double product by 202.5 and 
221.1 bpm × mm Hg, respectively (p < 0.05 for all). No increases in heart rate were observed.
Conclusion: In adults with T1D, adding sotagliflozin to insulin significantly reduced blood pressure and other markers 
of arterial stiffness and vascular resistance.
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diabetes (T2D),7,8 but these effects have been explored in 
T1D only in small, short-term studies of empagliflozin.9,10 
In the inTandem phase 3 clinical trials, sotagliflozin, an 
oral dual SGLT1/SGLT2 inhibitor, improved glycemic 
control, body weight, and systolic blood pressure (SBP) 
when given as an adjunct to optimized insulin therapy in 
adults with T1D.11–13 The present analysis evaluated the 
effects of sotagliflozin on measures of arterial stiffness and 
vascular resistance in adults with T1D on optimized insu-
lin therapy.

Methods

This post hoc analysis was conducted using pooled data 
from two 52-week, phase 3, multicentre, randomized, con-
trolled trials—inTandem1 (NCT02384941; conducted in 
the US and Canada) and inTandem2 (NCT02421510; 
Europe and Israel)—which assessed the safety and effi-
cacy of sotagliflozin 200 or 400 mg after a 6-week insulin 
optimization run-in.11,12 The trials had identical study 
designs wherein optimized insulin therapy continued over 
the 24-week core treatment period and a 28-week exten-
sion period. The trials were conducted in accordance with 
international standards of good clinical practice; the inves-
tigators obtained written informed consent from each par-
ticipant; and the protocols were reviewed and approved by 
the respective institutional review boards or independent 
ethics committees. The trial designs and results have been 
published previously.11,12

This analysis included all randomized participants from 
both trials. Eligible patients were ⩾18 years of age with 
T1D for at least 1 year before trial entry with a screening 
HbA1c between 7.0% and 11.0% (53–97 mmol/mol). Body 
mass index (BMI) entry criteria were 20–45 kg/m2 inclu-
sive. Patients were randomized 1:1:1 to placebo, sotagliflo-
zin 200 mg, or sotagliflozin 400 mg, administered once daily 
as an adjunct to optimized insulin therapy. Patients contin-
ued their previous insulin delivery regimen—either continu-
ous subcutaneous insulin infusion (CSII) or multiple daily 
injections (MDI)—throughout the trial.

This pooled data analysis was conducted using a com-
bined data set from both studies. Endpoints included 
change from baseline in SBP, diastolic blood pressure 
(DBP), pulse rate, pulse pressure, MAP, and double prod-
uct at Week 24 (primary efficacy endpoint). Pulse pressure 
was calculated as the difference between SBP and DBP. 
MAP was calculated as the sum of two-thirds of DBP and 
one-third of SBP. Double product was calculated as pulse 
rate multiplied by SBP.

Least squares (LS) mean changes from baseline, LS 
mean differences from placebo, and standard errors (SE) 
with 95% confidence intervals (CI) were obtained from 
mixed model repeated measure (MMRM) analysis with 
treatment, randomization strata of insulin delivery (CSII, 
MDI), baseline HbA1c category (⩽8.5%, >8.5%), study 

week, study (either inTandem1 or 2), and treatment-by-
time interactions as fixed categorical effects, and baseline 
value as a covariate.

Results

Baseline demographic characteristics were similar across 
treatment groups for the 1575 adults included in this pooled 
analysis (Supplemental Table 1). Most patients were white, 
and approximately half were women. The mean age was 
44 years, and duration of T1D was 21 years. Mean HbA1c 
was 7.7% (60 mmol/mol); total daily insulin dose was 
0.74 IU/kg; and BMI was 29 kg/m2. Mean SBP/DBP was 
122/76 mmHg; 27% had a baseline SBP ⩾130 mm Hg and 
36% reported having a diagnosis of hypertension. During 
the treatment period, 73%, 77%, and 65% of patients in the 
placebo, sotagliflozin 200 mg, and sotagliflozin 400 mg 
groups, respectively, took a blood pressure lowering agent, 
the plurality of which were agents acting on the renin angi-
otensin system (Supplemental Table 1). Mean baseline 
pulse rate, MAP, and pulse pressure were 74 bpm, 91 mm 
Hg, and 45 mm Hg, respectively.

Relative to placebo at Week 24, sotagliflozin 200 mg 
and 400 mg reduced SBP by 2.03 mm Hg (95% CI −3.30 to 
−0.75; p = 0.0019) and 2.85 mm Hg (−4.12 to −1.57; 
p < 0.0001), respectively, and DBP by 1.09 mm Hg (−1.92 
to −0.27; p = 0.0094) and 0.87 mm Hg (−1.70 to −0.05; 
p = 0.0384), respectively (Supplemental Table 2). Reductions 
in SBP observed at 4 weeks were sustained through 
24 weeks (Figure 1). DBP reductions followed a similar 
pattern, and blood pressure changes were not associated 
with increases in pulse rate. Pulse pressure changed by 
−1.0 mm Hg (−2.1 to 0.0; p = 0.055) with sotagliflozin 
200 mg and −2.0 mm Hg (−3.0 to −1.0; p < 0.001) with 
sotagliflozin 400 mg relative to placebo, and MAP by 
−1.4 mm Hg (−2.3 to −0.6; p < 0.001) and −1.6 mm Hg 
(−2.4 to −0.7; p < 0.001), respectively. Double product 
also decreased by 202.5 bpm × mm Hg (−356.2 to −48.8; 
p = 0.01) and 221.1 bpm × mm Hg (−374.8 to −67.2; 
p = 0.005) with sotagliflozin 200 and 400 mg versus pla-
cebo, respectively (Supplemental Table 2). Improvements 
in these parameters observed with sotagliflozin at 4 weeks 
persisted through 24 weeks (Figure 1).

Discussion

Among patients with diabetes, each 10-mm Hg increase in 
SBP, pulse pressure, or MAP increases the risk of CVD by 
10%–17%.6 The observed reductions in these indices in 
the present study are consistent with findings from studies 
of selective SGLT2 inhibitors in T2D.14 In separate post 
hoc pooled analyses of patients with T2D, empagliflozin 
and canagliflozin significantly reduced SBP, DPB, pulse 
pressure, MAP, and double product, with no change in 
pulse rate.7,8
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The present study only assessed blood pressure indices 
rather than direct measures of arterial stiffness. However, 
findings from small studies of selective SGLT2 inhibitors in 
T1D support the benefits of these reductions. During a glu-
cose clamp study involving 40 young (mean age 24 years) 
patients with T1D, empagliflozin significantly reduced SBP, 
radial augmentation index, carotid augmentation index, and 
aortic augmentation index.10 In another small T1D study, a 
combination of empagliflozin and metformin improved 
direct measures of arterial stiffness (pulse wave velocity and 
common carotid artery stiffness).9 Collectively these results 
suggest that SGLT inhibitors improve indirect and direct 
measures of arterial stiffness in adults with T1D or T2D. 
These improved measures may contribute to the cardiovas-
cular benefits observed with this class of medicines.15 In 
addition, sotagliflozin may further enhance cardiovascular 
benefits through improvements in postprandial glucose 
excursions, glycemic variability, and time in range.16 
However, a head-to-head trial would be necessary to deter-
mine whether there was any difference between sotagliflo-
zin and other SGLT inhibitors in this regard.

This analysis is limited by its post hoc nature, and the fact 
that the inTandem trials were not powered to assess arterial 
stiffness. Furthermore, the current study used estimated and 
not direct measurements of arterial stiffness. However, the 
present findings are consistent with those observed with other 
SGLT inhibitors, suggesting a robust finding across the class.

In conclusion, in this post hoc analysis, sotagliflozin 
200 and 400 mg led to significant reductions in SBP and 
DBP as well as multiple indirect markers of arterial stiff-
ness, including pulse pressure, MAP, and double product, 
without changes in pulse rates, in adults with T1D on opti-
mized insulin therapy.
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