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Abstract
Sotagliflozin is a dual sodium-glucose co-transporter (SGLT) 2 inhibitor, manifesting a 20-fold higher inhibitory activity for 
SGLT2 than for SGLT1. Differences in SGLT2 over SGLT1 selectivity of the available agents have been proposed to relate to 
variability in efficacy and safety characteristics. In contrast to other SGLT2 inhibitors, the cardiorenal effects of sotagliflozin 
in type 2 diabetes had not been explored until recently, when the results of SOLOIST-WHF (focusing on heart failure [HF] 
outcomes) and SCORED (focusing on renal outcomes) were published. In SOLOIST-WHF, sotagliflozin reduced the risk 
of the primary composite outcome of cardiovascular (CV) death and hospitalizations and urgent visits for HF. The findings 
showed that the risk reduction was consistent in people with reduced but also in those with preserved ejection fraction (EF). 
In SCORED, sotagliflozin significantly reduced the primary end point of CV deaths, hospitalizations for HF, and urgent 
visits for HF. A reduction in glycated hemoglobin was evident even in participants with estimated glomerular filtration rate 
values below 30 mL/min/1.73  m2. SCORED is also the first trial to illustrate the benefits of the class across the full range 
of albuminuria. Moreover, the endpoint of stroke was significantly reduced by 34% in the sotagliflozin compared with the 
placebo group. The findings of the two studies provide novel insights into the clinical utility of SGLT2 inhibitors, particularly 
with respect to the early initiation in stable HF, the benefits in HF with preserved EF, the glucose-lowering efficacy in people 
with severe renal impairment and their potential to improve atherosclerotic vascular disease, including stroke, outcomes.

Key Points 

SOLOIST-WHF and SCORED explored the effects of 
sotagliflozin on cardiorenal outcomes.

The results reconfirm the class effects of SGLT2i but 
also differentiate sotagliflozin from other agents.

Dual SGLT inhibition might contribute to the unique 
safety and efficacy profile of the drug.

1 Introduction

Sodium-glucose co-transporter (SGLT) 2 inhibitors 
(SGLT2i) lower blood glucose by inhibiting SGLT2 
expressed in the proximal renal tubule, thus modulating 
the excessive renal glucose reabsorption typically observed 
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in people with type 2 diabetes (T2D) [1]. Therefore, their 
mechanism of action differs from traditional agents that 
lower blood glucose, which either focus on alleviating insu-
lin resistance or improving beta-cell function. The use of 
SGLT2i has been linked to metabolic benefits, including 
improvements in glycated hemoglobin (HbA1c), reduction 
in body weight and blood pressure, with minimal risk of 
hypoglycemia [2]. However, the revolutionary impact of the 
class on T2D management has not been driven by its meta-
bolic effects. It is the potential of SGLT2i (along with that 
of glucagon-like peptide 1 [GLP-1] receptor agonists) for 
improving cardiac and renal outcomes, that gradually moved 
diabetes care from a strictly glucose-centric approach to the 
notion that the burden of disease complications should be 
simultaneously addressed with hyperglycemia.

Specifically, a number of large-scale cardiovascular out-
come trials (CVOTs) have demonstrated a reduced risk of 
major cardiovascular (CV) events, hospitalization for heart 
failure (HF), CV death, and renal outcomes in people treated 
with SGLT2i [3]. Although these properties are particularly 
evident at the secondary prevention level, a recently pub-
lished post hoc analysis of DECLARE-TIMI (conducted 
with dapagliflozin) demonstrated similar improvements 
in HF and kidney outcomes between the primary preven-
tion cohort and the group with established CV disease [4]. 
While the full spectrum of the mechanisms implicated in the 
cardiorenal benefits of SGLT2i are still under investigation, 
these are likely to be multifactorial, which explains the large 
number of implicated pathways [5].

2  Dual Inhibition

Sotagliflozin is a dual SGLT2i, manifesting a 20-fold higher 
inhibitory activity for SGLT2 than for SGLT1. The former 
is predominantly expressed in the apical membrane of renal 
proximal convoluted tubules (S1 and S2 segments), whereas 
the latter is located in the straight renal proximal tubule (S3 
segment), but also in other human tissues, including the 
brush-border membrane of the small intestine, heart, and 
brain [6]. Differences in SGLT2 over SGLT1 selectivity of 
the available agents have been proposed to relate to vari-
ability in efficacy and safety characteristics. For instance, 
blocking SGLT1 might provide additional glucose-lowering 
efficacy through the inhibition of both intestinal and renal 
absorption of glucose and augmented release of GLP-1, 
and protect cardiac tissue by reducing glycogen accumula-
tion [7]. On the other hand, it might increase the probabil-
ity of gastrointestinal side effects [8]. In contrast to other 
SGLT2is, the cardiorenal effects of sotagliflozin in T2D had 
not been explored. It is only recently that the results of two 
randomized controlled trials (RCTs), SOLOIST-WHF [9] 

(focusing on HF outcomes) and SCORED [10] (focusing on 
renal outcomes) were published.

3  SOLOIST‑WHF

In the SOLOIST-WHF trial, 1222 people with T2D who 
were recently hospitalized for worsening HF were rand-
omized to receive sotagliflozin (n = 608) or placebo (n = 
614) and were followed for a median of 9 months. Median 
estimated glomerular filtration rate (eGFR) values in the 
sotagliflozin and placebo group were 49.2 and 50.5 mL/
min/1.73  m2, respectively, whereas patients with eGFR <30 
mL/min/1.73  m2 were excluded. Unlike previous SGLT2i 
trials, sotagliflozin was initiated soon after an episode of 
decompensated HF, namely, either before (48.8% of the 
study population) or within 3 days of hospital discharge. It 
was demonstrated that sotagliflozin reduced the risk of the 
primary composite outcome of CV death and hospitaliza-
tions and urgent visits for HF (first and subsequent events) 
by a relative 33% compared with placebo (hazard ratio [HR], 
0.67; 95% confidence interval [CI] 0.52–0.85, p < 0.001).

A closer look at the findings of the trial reveals some 
interesting insights: first, the risk reduction came surpris-
ingly early, achieving significance by 28 days of follow-up 
[11]. Second, efficacy and safety seemed to be similar in 
those who received sotagliflozin shortly before discharge, 
following stabilization, or in the following 3 days. Taken 
together, these data support an “earlier, better” approach 
in initiating therapy with SGLT2i in clinically stable HF, 
even prior to hospital discharge. Such a strategy could ena-
ble proper dose adjustment of diuretics or antihypertensive 
medications and enhance treatment adherence [5]. It could 
also help to tackle clinical inertia, considering available data 
showing that among people with HF and T2D managed in 
primary care settings, SGLT2is are only prescribed in a 
small proportion of patients, contrary to available evidence 
[12].

Third, SGLT2i trials focused on HF-related outcomes 
have so far included people with reduced (≤ 40%) ejection 
fraction (EF), demonstrating a benefit of treatment with 
dapagliflozin [13] and empagliflozin [14]. However, there 
is limited evidence on the effects of SGLT2i in individuals 
with HF and preserved EF (HFpEF), although ongoing trials 
(DELIVER for dapagliflozin and EMPEROR-Preserved for 
empagliflozin) are expected to shed light on this issue. The 
findings of SOLOIST-WHF showed that the risk reduction 
was consistent in people with reduced but also in those with 
preserved EF (approximately 21% of the study participants), 
providing important data demonstrating that SGLT2is have 
the potential to improve HF outcomes across the range of 
EFs. More specifically, the HR for the primary outcome 
was similarly reduced in all patient subgroups: 0.69 for 
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those with EF < 40%, 0.74 for those with EF 40–49% and 
0.66 for those with EF ≥ 50%. In a rat model of metabolic 
HFpEF, sotagliflozin has been shown to ameliorate left-atrial 
remodeling by preventing mitochondrial swelling and reduc-
ing production of reactive oxygen species [15]. However, 
from a strictly mechanistic perspective, whether dual SGLT 
inhibition could confer additional benefits on patients with 
HFpEF compared with selective SGLT2i, remains unclear 
at the moment.

4  SCORED

In the SCORED trial, 10,584 people with T2D and chronic 
kidney disease (CKD) (eGFR 25–60 mL/min/1.73  m2) were 
randomly assigned to receive sotagliflozin (n = 5292) or 
placebo (n = 5292) and followed for a median of 16 months. 
Median eGFR values in the sotagliflozin and placebo group 
were 44.4 and 44.7 mL/min/1.73  m2, respectively. Sotag-
liflozin significantly reduced the primary end point (PEP) 
of CV deaths, hospitalizations for HF, and urgent visits for 
HF (HR 0.74, 95% CI 0.63–0.88, p < 0.001). Although the 
PEP was changed during the trial, the original endpoints 
were significantly in favor of sotagliflozin: first occurrence 
of CV death, nonfatal myocardial infarction, or nonfatal 
stroke (HR 0.84, 95% CI 0.72–0.99) and the first occurrence 
of CV death or hospitalization for HF (HR 0.77, 95% CI 

0.66–0.91). These data are in line with the findings of the 
previous SGLT2i CVOTs, suggesting that the basic cardio-
renal benefits of these drugs are perhaps a class effect and 
not related either to SGLT1 or SGLT2 inhibition alone [16].

Figure 1 summarizes the design and the primary outcome 
findings of SOLOIST-WHF and SCORED.

5  Insights into the Results of SOLOIST‑WHF 
and SCORED in the Context of Previous 
SGLT2i Trials

DAPA-HF [13] and EMPEROR-Reduced [14] recruited 
ambulatory patients with HF and reduced EF with or without 
T2D. Differently, in SOLOIST-WHF, the study population 
comprised recently hospitalized individuals who all had T2D 
and covered the entire spectrum of EFs. Participants in the 
latter trial were at higher risk for CV events, as indicated 
by the placebo event rate for first CV death or hospitaliza-
tion for HF, which was 48% in SOLOIST-WHF compared 
to 25.5% and 28.5% in DAPA-HF and EMPEROR-Reduced, 
respectively. These data emphasize the potential of sotagli-
flozin to reduce CV outcomes in a very high-risk population 
with T2D and HF, which has not been adequately repre-
sented in other SGLT2i trials, so far.

Interestingly, in the SCORED trial, 419 participants 
(7.9%) in the intervention and 394 participants (7.4%) in the 

SOLOIST-WHF

33 % reduc�on of CV death 
and hospitaliza�ons and 
urgent visits for HF with 

sotagliflozin 

Sotagliflozin 
n= 608 

9 months

Placebo 
n= 614 

SCORED

Sotagliflozin 
n= 5292 

Placebo 
n= 5292 

16 months 

26 % reduc�on of CV death 
and hospitaliza�ons and 
urgent visits for HF with 

sotagliflozin 

T2D + CKDT2D + HF Study  
popula�on

Arms

Median 
follow-up

Primary 
outcome

Fig. 1  Design and primary outcome findings of SOLOIST-WHF and SCORED. CKD chronic kidney disease, CV cardiovascular, HF heart fail-
ure, T2D type 2 diabetes
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placebo group had eGFR values lower than 30 mL/min/1.73 
 m2. Individuals with eGFR lower than 30 mL/min/1.73 
 m2have been generally underrepresented in CVOTs, given 
that they had been totally excluded from CREDENCE [17] 
and while included in DAPA-CKD [18], they represented 
only 14% of the entire study population. Thus, they comprise 
a population with few data on SGLT2i use.

There are some aspects of the results of the SCORED trial 
that deserve a more detailed look in the context of the dual 
SGLT inhibition. In the EMPA-REG OUTCOME trial [19], 
stroke incidence with empagliflozin treatment was numeri-
cally, albeit not statistically, increased, despite the reduc-
tion in overall CV mortality. A post hoc analysis of the trial 
concluded that the numeric difference between the two arms 
was primarily attributable to a small number of patients in 
the empagliflozin group with a first event taking longer than 
3 months after cessation of the study drug [20]. However, 
the results of EMPA-REG OUTCOME generated a discus-
sion about the existence of a “stroke paradox” with SGLT2i 
and its potential explanation, attributed either to a “play of 
chance” or to changes in human physiology induced by these 
agents, including an increase in hematocrit levels, that could 
predispose to the development of stroke [21]. Other large-
scale studies with different agents in the class showed either 
a numerical decrease in stroke (CANVAS, using canagliflo-
zin) [22] or a completely neutral effect (DECLARE-TIMI, 
using dapagliflozin) [23], although the latter trial was con-
ducted in a lower-risk population. In SCORED however, 
the endpoint of stroke was significantly reduced by 34% in 
the sotagliflozin compared with the placebo group and this 
is the first SGLT2i CVOT to establish such a benefit, after 
considering the different population studied and that this was 
demonstrated in a post hoc analysis. Given animal data link-
ing SGLT1 downregulation to delaying of cerebral damage 
during traumatic brain injury [24], it could be hypothesized 
that the beneficial effects of sotagliflozin on stroke outcomes 
might be related to SGLT1 inhibition. However, this hypoth-
esis should be tested in further studies.

In contrast to SCORED, both CREDENCE [17] and 
DAPA-CKD [18] have required the presence of macroalbu-
minuria for inclusion over and above reduced eGFR. There-
fore, SCORED is the first trial to illustrate the benefits of the 
class across the full range of albuminuria. This observation 
is of clinical importance, as it substantially expands the pop-
ulation in which SGLT2i could improve kidney outcomes. 
Furthermore, the traditional knowledge about the glucose-
lowering effects of SGLT2i indicates that their hypoglyce-
mic potency is greatly dependent on kidney function and 
progressively declines as eGFR falls. In SCORED however, 
a reduction in HbA1c was evident even in participants with 
eGFR values below 30 mL/min/1.73  m2, probably second-
ary to reduced intestinal absorption of glucose as a result 
of SGLT1 inhibition. Canagliflozin, the other dual SGLT 

inhibitor, is more selective to SGLT2 than SGLT1 com-
pared with sotagliflozin (250-fold vs 20-fold, respectively). 
As a result, its antihyperglycemic effect also decreases with 
advanced CKD [25]. Other glucose-lowering agents acting 
on the gut, such as acarbose, should be avoided in CKD 
stages 4 and 5, due to limited safety data [26]. Moreover, 
acarbose has modest efficacy on glycemic control and lacks 
cardiorenal benefits. Taken together, these data suggest that 
sotagliflozin could offer parallel cardiorenal protection and 
glucose-lowering action in people with advanced CKD, a 
population where the options of antidiabetic treatment are 
limited. Bridging the results of the two sotagliflozin trials 
could lead to the assertion that dual SGLT inhibitors should 
be considered early in the context of worsening HF and evi-
dence of progressive renal disease.

6  Pooled Data from SCORED 
and SOLOIST‑WHF

In a prespecified pooled analysis [27] of patient-level 
data from SCORED and SOLOIST-WHF, which included 
11,784 participants, sotagliflozin significantly reduced the 
composite PEP of total CV deaths, hospitalizations for HF, 
and urgent visits for HF. Specifically, at 24 months’ follow-
up, total PEP events for sotagliflozin versus placebo were 
15.5 versus 21.1 per 100 patient-years (HR 0.72, 95% CI 
0.63–0.82; p = 0.000002). This was evident even in patients 
with HFpEF (EF ≥ 50%, n = 739), in whom the rates of PEP 
events per 100 patient-years for sotagliflozin versus placebo 
were 37.5 versus 59.0 (HR 0.63, 95% CI 0.45–0.89; p = 
0.009). It is worth noting that the benefits of treatment were 
consistent independent of sex (particularly for women with 
normal EF) or history of HF (HR 0.73; 95% CI 0.54–0.99; 
p = 0.04 for those with no HF history).

7  Safety Outcomes: Does Dual Inhibition 
Play a Role?

With respect to safety outcomes and in accordance with the 
general adverse event profile of the class, participants in the 
sotagliflozin group of the two trials experienced a greater num-
ber of genital mycotic infections compared to those enrolled in 
the placebo arm (2.4 vs 0.9%; p < 0.001 in SCORED and 0.8 
vs 0.2%; p = 0.12 in SOLOIST-WHF). Despite the low eGFR 
of the trial population, acute kidney injury rates in SCORED 
were similar comparing the two arms (2.2 vs 2.1%; p = 0.55), 
further confirming safety of SGLT2i use in renal impairment. 
Although relevant data are currently unavailable, it would be 
useful to know whether the renal safety profile of sotagliflozin 
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is consistent across various eGFR categories and especially 
among patients in the lowest range (< 30 mL/min/1.73  m2).

Diarrhea was also more common among individuals treated 
with sotagliflozin than in those receiving placebo (8.5 vs 
6.0%, p < 0.0001 in SCORED and 6.9 vs 4.1%, p = 0.032 in 
SOLOIST-WHF), related to the drug’s mechanism of action 
and its effects on the brush border of the small intestine. Only 
in SCORED, diabetic ketoacidosis was more common with 
sotagliflozin than with placebo (0.6% vs 0.3%, p = 0.02). There 
was no increased risk of lower extremity amputations associ-
ated with sotagliflozin treatment in either trial, suggesting that 

the relationship observed in CANVAS was a random observa-
tion, rather than a consequence of dual inhibition [28].

Incidence of severe hypoglycemia in the sotagliflozin group 
was similar between SCORED and SOLOIST-WHF (1.0% vs 
1.5%), although the different populations studied in the two 
trials should be considered. On the other hand, severe hypo-
glycemia rates in SOLOIST-WHF were greater in the inter-
vention than in the placebo group (1.5 vs 0.3%, p = 0.037). 
Although still inconclusive and largely speculative, prelimi-
nary data indicate that SGLT1 inhibition may interfere with 
glucose uptake by neurons and myocytes under hypoglycemic 
or hypoxemic conditions, resulting in increased hypoglycemic 

Table 1  Key characteristics and findings of SGLT2 inhibitor cardiovascular outcome trials

3-P MACE 3-point major adverse cardiovascular events, BMI body mass index (units: kg/m2), CAD coronary artery disease, CI confidence 
interval, CV cardiovascular, CVD CV disease, eGFR estimated glomerular filtration rate (units: mL/min/1.73  m2), ESRD end-stage renal disease, 
HbA1c glycated hemoglobin, HF heart failure, HFrEF HF with reduced ejection fraction, HHF hospitalization for heart failure, HR hazard ratio, 
m months, N Number of participants, SGLT2 sodium-glucose co-transporter 2, T2D type 2 diabetes, w weeks, y years

Drug Study acronym N Median follow-up Study population
(mean values)

Primary outcome HR (95% CI)
SGLT2 inhibitor vs 
placebo

Canagliflozin CANVAS 10,142 188.2 w HbA1c: 8.2%; BMI: 
32; eGFR: 76.5; 
CVD:65.6%; HF: 
14.4%

3-P MACE 0.86; 0.75–0.97

CREDENCE 4401 2.6 y HbA1c: 8.3%; BMI: 
31.3; eGFR: 56.2; 
CVD:50.4%; HF: 
14.8%

ESRD, doubling serum 
creatinine, renal or 
CV death (composite)

0.70; 0.59–0.82

Dapagliflozin DECLARE-TIMI 17,160 4.2 y HbA1c: 8.3%; BMI: 
32.1; eGFR: 85.2; HF: 
11.6% (HFrEF: 7.7%)

3-P MACE/CV death or 
HHF (composite)

0.93; 0.84–1.03 / 0.83; 
0.73–0.95

DAPA-HF 4744 18.2 m T2D: 41.8%; BMI: 
28.2; eGFR 65.8; 
HFrEF: 100%

Worsening HF or CV 
death (composite)

0.74; 0.65–0.85

DAPA-CKD 4304 2.4 y T2D: 67.5%; BMI: 
29.5; eGFR: 43.9; HF: 
10.9%

Sustained ≥ 50% 
decline in GFR, 
ESRD, renal death or 
CV death (composite)

0.61; 0.51–0.72

Empagliflozin EMPA-REG 7020 3.1 y HbA1c: 8.1%; BMI: 
30.6; HF: 10.1%; 
eGFR: 74; CVD: 
100%

3-P MACE 0.86; 0.74–0.99

EMPEROR-Reduced 3730 18 m T2D: 49.8%; BMI: 
27.9; eGFR 62; 
HFrEF: 100%

CV death or HHF 
(composite)

0.75; 0.65–0.86

Ertugliflozin VERTIS-CV 8246 3.5 y HbA1c: 8.2%; BMI: 
32; eGFR: 76; CAD: 
76.3%; HF: 23.1%

3-P MACE 0.97; 0.85–1.11

Sotagliflozin SOLOIST-WHF 1222 9 m HbA1c: 7.1%; BMI: 
30.4; eGFR: 49.2; 
HFrEF: 79%; drug 
initiation before hos-
pital discharge: 48.8%

CV death, HHF or 
urgent visits for HF 
(composite)

0.67; 0.52–0.85

SCORED 10,584 16 m HbA1c: 8.3%; BMI: 
31.9; eGFR: 44.4; HF: 
31%; HFrEF: 19%

CV death, HHF or 
urgent visits for HF 
(composite)

0.74; 0.63–0.88
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risk under treatment with dual inhibitors [29]. High diarrhea 
rates in the intervention group (8.5% in SCORED and 6.1% 
in SOLOIST-WHF) might represent an interaction. Despite 
similar rates of hypoglycemia in canagliflozin and placebo 
arms in the CAVNAS trial, it could be argued that sotagliflo-
zin manifests significantly smaller selectivity for SGLT2 over 
SGLT1 than canagliflozin. Thus, some of the effects of SGLT1 
inhibition might be more intense with the use of the former 
compared to that of the latter.

In a similar way, diarrhea and exaggerated osmotic diu-
resis and natriuresis related to dual inhibition might be 
responsible for the greater volume depletion rates observed 
in sotagliflozin-treated individuals than the placebo group 
in SCORED (5.3 vs 4.0%, respectively, p = 0.003). Such an 
association was also evident in CANVAS (26% vs 18.5%, 
p = 0.009), although not evident in EMPA-REG, using 
empagliflozin, which has minimal SGLT1 inhibitory activ-
ity. It should be stressed, however, that direct inter-study 
comparisons are not always feasible, and that the observed 
differences in safety outcomes might not relate to individual 
pharmacological characteristics of the various agents, but 
to different patient populations as well as the definition of 
outcomes across various trials [16] (Table 1).

8  Limitations

The results of SOLOIST-WHF and SCORED should be 
interpreted with caution. Both trials were prematurely inter-
rupted due to loss of funding from their main sponsors and 
because of the COVID-19 pandemic, which affected their 
PEP. The latter was expanded to include the total number of 
events and urgent visits for HF. This change in study pro-
tocols might have influenced the results in favor of sotagli-
flozin. Moreover, the studies were not adequately powered 
for detecting changes in secondary outcomes and subgroup 
analyses. Finally, non-white populations were underrepre-
sented in both trials.

9  Conclusion

In conclusion, and despite their limitations, SOLOIST-
WHF and SCORED trials reconfirm the substantial benefits 
of SGLT2i in people with T2D, renal disease, and/or HF. 
Moreover, they provide novel insights into the clinical utility 
of these drugs, particularly with respect to the early initia-
tion (even during hospitalization) in stable HF, the benefits 
in HF with preserved EF, the glucose-lowering efficacy in 
people with severe renal impairment and their potential to 
improve atherosclerotic vascular disease, including stroke, 
outcomes. It should be stressed, however, that differences 

in the inclusion criteria, study design, and drug charac-
teristics between sotagliflozin and previous SGLT2i trials 
limit the extrapolation of the findings of SOLOIST-WHF 
and SCORED to other SGLT2is. Future mechanistic stud-
ies, RCTs with longer follow-up periods, and accumulation 
of real-world data will help to further clarify whether dual 
SGLT inhibition could be the “cherry on the cake” of car-
diorenal protection offered by the class.
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