
Vol:.(1234567890)

Diabetology International (2020) 11:252–260
https://doi.org/10.1007/s13340-020-00445-7

1 3

MINI-REVIEW

Promising roles of sodium–glucose cotransporter 2 inhibitors in heart 
failure prevention and treatment

Atsushi Tanaka1 · Koichi Node1

Received: 3 June 2020 / Published online: 11 June 2020 
© The Japan Diabetes Society 2020

Abstract
In recent years, successive reports have been made on large-scale cardiovascular outcome trials using novel hypoglycemic 
drugs. Their results have shown that sodium–glucose cotransporter 2 (SGLT2) inhibitors are hypoglycemic drugs that could 
potentially greatly improve the heart failure-related outcomes in type 2 diabetes patients with a high cardiovascular risk. 
Further analyses have subsequently been performed from various perspectives, and SGLT2 inhibitors with their class effect 
have been indicated to be potentially useful for heart failure in type 2 diabetes patients with extensive clinical background. 
As a result, a clear concept has globally emerged with SGLT2 inhibitors as drugs of choice in clinical practice to prevent 
heart failure in type 2 diabetes patients. Further studies are needed to examine the next research topics on heart failure 
prevention using SGLT2 inhibitors, including their detailed pharmacological mechanism of action and their effectiveness 
and safety against heart failure in patients regardless of diabetes status. This paper outlines (1) the current evidence of heart 
failure prevention by SGLT2 inhibitors based on the results of recent large-scale cardiovascular outcome trials and (2) future 
research topics on their further applications in clinical practice.
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Introduction

In recent years, major attention has been focused on heart 
failure (HF) as a cardiovascular complication in diabetes 
patients [1–4]. One reason behind this attention is that HF-
related outcomes are becoming evaluated in large-scale 
clinical trials of antidiabetic drugs in addition to macroangi-
opathy from conventional arteriosclerosis. Thus, the effects 
on HF-related outcomes are gradually becoming evident for 
each antidiabetic drug, and a body of evidence has accumu-
lated on the selection of antidiabetic drug with considera-
tion for HF. The clinical features of comorbid HF in dia-
betes include the following: (1) although the comorbidity 
rate of HF increases with decreasing glycemic control [5], 
improvement in glycemic control has not been fully shown 
to prevent HF; (2) since diabetes patients tend to have HF 

with preserved ejection fraction (HFpEF) more than HF 
with reduced ejection fraction (HFrEF), there could be 
an unexpectedly high number of patients who have yet to 
be diagnosed definitively [6]; and (3) since preventive or 
therapeutic effects of conventional antidiabetic drugs have 
not been demonstrated against HF [7], novel prevention and 
treatment strategies are urgently needed. Meanwhile, large-
scale clinical trials using SGLT2 inhibitors have indicated 
the potential in their strong preventive effect against HF, 
thereby building an expectation of a major breakthrough in 
the HF prevention strategy for diabetic patients. This paper 
outlines (1) the current state of HF prevention in diabetic 
patients based on evidence of such prevention, focusing on 
SGLT2 inhibitors used in large-scale clinical trials, and (2) 
future topics of research.

Clinical relevance of diabetes and HF

Diabetes, with obesity and metabolic syndrome at its foun-
dation, is well accepted as a strong risk factor for macroangi-
opathies, such as myocardial infarction and stroke. Diabetes 
is also a risk factor for HF independently of hypertension and 
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coronary artery disease. However, there is insufficient aware-
ness of this reality reflected in the existing routine medical 
care, including among cardiologists. The Framingham study 
has found that the incidence of HF was two times higher in 
diabetic men and five times higher in diabetic women than in 
their non-diabetic counterparts [8], and approximately 20% 
of diabetic patients aged 65 or older were said to have HF. 
Another study examined type 2 diabetes patients without a 
past diagnosis of HF and found that 28% of these patients 
were diagnosed with HF after detailed examination, the 
majority of whom had HFpEF [6]. This result suggested 
that there is a certain frequency of subclinical HFpEF in 
type 2 diabetes patients. Still, another study has reported that 
the mortality rate was ten times higher in diabetic patients 
with comorbid HF than those without, and the former had 
a 5-year survival rate of only 12.5% [9]. In Japan, the sur-
vival rates of myocardial infarction and angina pectoris have 
greatly improved due to advancements in therapeutic tech-
niques and devices, and HF in diabetic patients is a very 
clinically important target for prevention and treatment.

HF itself is closely associated with the onset of diabe-
tes, and approximately 20–40% of HF patients have been 
reported to have comorbid diabetes based on Japanese 
studies, including the Chronic Heart Failure Analysis and 
Registry in the Tohoku District (CHART)-2 Study and the 
Japanese Cardiac Registry of Heart Failure in Cardiology 
(JCARE-CARD). When the background was examined for 
registered patients in past multiple large-scale clinical trials, 
the diabetes comorbidity rate increased with the severity of 
HF (New York Heart Association functional classification). 
Thus, diabetes and HF are associated bidirectionally. The 
underlying pathology is considered to involve very diverse 
mechanisms, such as microcirculatory disturbance and vas-
cular endothelial dysfunction, and metabolic abnormalities, 
such as lipotoxicity and glucotoxicity—mainly insulin resist-
ance. Diabetic cardiopathy has been proposed as the disease 
concept [10]. However, the detailed molecular mechanism 
has not yet been sufficiently elucidated, and specific treat-
ment for this pathology has not yet been fully established.

Existing HF prevention strategies in diabetes

In diabetic patients, HF prevention strategies (includ-
ing primary and secondary prevention) can be thought to 
have two aspects, diabetes treatment and HF treatment. In 
general, there is presently no clear difference in HF treat-
ment between diabetic patients and non-diabetic patients. 
Renin–angiotensin system inhibitors, β-blockers, and diuret-
ics are used particularly for patients with HFrEF. However, 
sufficient evidence has not yet been established globally for 
the treatment of HFpEF which is strongly associated with 
diabetes.

Management of diabetes holds major significance in HF 
prevention. Each 1% increase in HbA1c has been reported 
to result in an 8% increase in the risk of hospitalization for 
HF (HHF) or death from HF [5], and the prognosis of HF 
is considered to be proportionally worse with increasing 
severity of diabetes. However, the reduction of HbA1c by 
strict glycemic control and antidiabetic drugs has not yet 
been shown to be effective in HF prevention [7, 11]. Thia-
zolidine derivatives enhance sodium reabsorption, causing 
fluid retention and edema at a certain frequency. Thus, they 
are contraindicated in HF patients. Since biguanides were 
thought to increase the risk of lactic acidosis, they are con-
traindicated in patients with severe cardiovascular disorder 
or pulmonary dysfunction. In recent years, however, Euro-
pean and US studies have examined diabetic patients with 
HF and have shown that biguanides improved their HHF 
rate and mortality rate [12, 13]. Therefore, biguanides are 
no longer contraindicated drugs in these countries. Even in 
Europe and the US, they are still contraindicated in patients 
with HF with unstable hemodynamics such as acute HF. 
In Japan, they continue to be relatively contraindicated, 
because clear evidence on their effectiveness is limited in 
patients with chronic HF. Based on such a background, the 
Japanese Circulation Society has stated in its Guidelines for 
Treatment of Chronic Heart Failure (2010 revised version) 
that there is no firm evidence to recommend a particular 
diabetes treatment in patients with chronic HF with comor-
bid diabetes.

Incretin‑based drugs and HF outcomes 
in large‑scale clinical trials

In recent years, large-scale cardiovascular outcome trials 
(CVOTs) have been required in Europe and the US to obtain 
the approval for new antidiabetic drugs. Subsequently, the 
effects of individual antidiabetic drugs have been shown on 
the cardiovascular outcomes. There have been large-scale 
trials conducted on dipeptidyl peptidase-4 (DPP-4) inhibi-
tors, which are frequently used in Japan. In the Saxagliptin 
Assessment of Vascular Outcomes Recorded in Patients with 
Diabetes Mellitus (SAVOR)—thrombolysis in myocardial 
infarction (TIMI) 53 trial, HHF increased 27% in patients 
taking saxagliptin [14]. In the Examination of Cardiovas-
cular Outcomes with Alogliptin versus Standard of Care in 
Patients with Type 2 Diabetes Mellitus and Acute Coro-
nary Syndrome (EXAMINE) trial, HHF tended to increase, 
although not significantly, in diabetic patients with recent 
acute coronary syndrome and taking alogliptin [15]. How-
ever, an increase in HF risk was not seen in large-scale 
outcome trials using other DPP-4 inhibitors and glucagon-
like peptide-1 (GLP-1) receptor agonists, and these drugs 
showed neutral results compared with the placebo. Although 
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there were some differences among trials in the effect of 
DPP-4 inhibitors on HF risk, their effects were consid-
ered largely neutral if concerns regarding some drugs were 
excluded. More recently, in the Cardiovascular and Renal 
Microvascular Outcome Study With Linaglipin (CARMEL-
INA) trail, linagliptin at least did not increase the risk of 
HHF in patients with type 2 diabetes and established car-
diovascular disease with albuminuria and/or kidney disease 
(HR 0.90; 95% CI 0.74–1.08) [16], suggesting its safety for 
HF. Furthermore, a substudy from the CARMELINA trial 
demonstrated that linagliptin was associated with a nominal 
decrease in the risk of HHF in Asian population (HR 0.47; 
95% CI 0.24–0.95) [17]. The latest European Society of Car-
diology (ESC) and European Association for the Study of 
Diabetes (EASD) Guidelines on diabetes established DPP-4 
drugs as antidiabetic drugs for HF patients with class IIb 
recommendation, but excluded DPP-4 inhibitors suspected 
to increase the HF risk [18].

Seven CVOTs have been conducted on other incretin-
based drugs, GLP-1 receptor agonists. A meta-analysis study 
on these seven trials was published in 2019 and showed that 
GLP-1 receptor agonists significantly decreased HHF by 9% 
[19]. Existing GLP-1 receptor agonists have been implicated 
to improve cardiovascular outcomes, mainly by antiarterio-
sclerotic effects [20]. Since the aforementioned decrease in 
HHF occurred in parallel with the inhibitory effect on myo-
cardial infarction, secondary HF was suggested to be likely 
inhibited as a result of inhibition of myocardial infarction 
(Fig. 1). Because a GLP-1 receptor agonist was implicated 
to potentially increase mortality and HHF in a clinical trial 
with acute HF patients [21], careful follow-up examinations 
are necessary for HF patients, particularly when they are 
administered at the acute stage.

Basic pharmacological effects of SGLT2 
inhibitors

SGLT2 inhibitors selectively inhibit SGLT2, which is the 
major mechanism of glucose reabsorption in the renal 
proximal tubules. Thus, these inhibitors are antidiabetic 
drugs with the plain and simple effect of increasing urinary 
glucose excretion, thereby decreasing glucose reabsorption 
into the blood. When SGLT2 inhibitors are compared with 
conventional antidiabetic drugs, the most characteristic 
feature of SGLT2 inhibitors is their unique and efficient 
pharmacological effect which enables glucose (+ sodium) 
excretion in the urine in an insulin-independent manner. 
Although SGLT2 inhibitors have this seemingly simple 
effect, they are also considered to have a complex effect 
on the pathology of diabetes. In pathologies such as hyper-
glycemia and diabetes, the renal threshold for glucose 
increases in the tubule simultaneously with the increase 
in SGLT2 expression at the same site. Then, glucose and 
sodium reabsorption increase, and subsequently glucose 
metabolism is worsened and blood pressure increases, 
resulting in a vicious cycle of pathology [22]. In other 
words, SGLT2 inhibitors can effectively eliminate gluco-
toxicity and demonstrate their effect in such pathological 
situations. Since their effects are also insulin-independent, 
they can be expected to safely lower glucose. In addition, 
the results on various metabolic pathways have shown that 
SGLT2 inhibitors can be expected to have diverse effects 
on other important clinical indices such as body weight, 
blood pressure, and uric acid [23]. Many clinicians have 
likely seen such effects in clinical practice, and SGLT2 
inhibitors are recognized to exert comprehensive benefits 
of reducing multiple cardiovascular risks. This point indi-
cates the characteristic pharmacological effect of SGLT2 
inhibitors, that is not seen in other hypoglycemic drugs. 
In the undermentioned large-scale cardiovascular outcome 
trials, the consistent improvement of cardiovascular out-
comes, including the HF-related outcomes, was speculated 
to be largely attributable to SGLT2 inhibitors.

Summaries of large‑scale cardiovascular 
outcome trials

This section will summarize the results, mainly of cardio-
vascular outcomes, in large-scale cardiovascular outcome 
trials using SGLT2 inhibitors. These results were reported 
in publications, such as main research papers and subgroup 
analysis papers, as of November 2019.

SGLT2 inhibitor

HHF↓

GLP-1
receptor agonist ?

ASCVD↓

Fig. 1   Speculated differences in reduction of hospitalization for heart 
failure: comparison between GLP-1 receptor agonists and SGLT2 
inhibitors. The results of large-scale trials have indicated the possibil-
ity that GLP-1 receptor agonists contribute to the inhibition of sec-
ondary heart failure onset by inhibiting atherosclerotic cardiovascu-
lar disease, mainly myocardial infarction. Primary preventive effect 
of GLP-1 receptor agonists on heart failure remains to be clinically 
determined. When GLP-1 receptor agonists are compared to SGLT2 
inhibitors, the latter can be expected to have a more direct effect on 
the reduction of heart failure based on the multidisciplinary effects 
of SGLT2 inhibitors and their consistent results against heart failure 
in large-scale trials. GLP-1 glucagon-like peptide-1, SGLT2 sodium–
glucose cotransporter 2, ASCVD atherosclerotic cardiovascular dis-
ease, HHF hospitalization for heart failure
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1.	 Empagliflozin Cardiovascular Outcome Event Trial in 
Type 2 Diabetes Mellitus Patients (EMPA-REG OUT-
COME) trial [24]

	   The subjects were 7020 high-risk type 2 diabetes 
patients with a history of cardiovascular disease (all 
patients were secondary prevention cases). As a result, 
empagliflozin showed a significant 35% risk reduction 
in the risk of HHF. It is still fresh in our memory that 
SGLT2 inhibitors drew major attention which was trig-
gered by the results of this trial. Subsequently, a strati-
fied analysis was performed on patients with a history 
of HF and those without. Only about 10% of the total 
patients had a history of HF, but empagliflozin was sta-
tistically shown to improve HF-related outcomes inde-
pendently of history of HF [25]. A stratified analysis 
was performed on HF risk in patients without a history 
of HF, who accounted for the majority of the patients in 
this trial. The HF risk was stratified into three groups 
using the 9-variable Health ABC HF Risk score: low-to-
average (< 10%), high (10–20%), and very high (≥ 20%). 
All three groups showed a consistent improvement of 
HF-related outcomes [26]. When stratification was per-
formed by cardiovascular risk based on the ten-point 
TIMI Risk Score and by the absence/presence of mac-
rovascular diseases (defined by the absence/presence of 
myocardial infarction, coronary artery bypass graft, or 
stroke), empagliflozin was also found to have a consist-
ent inhibitory effect on cardiovascular events, including 
HF [27, 28]. In an interesting subgroup analysis, short-
term effects were examined on re-hospitalization for HF 
(+ death) in these patients. The empagliflozin groups 
had HF readmission rates that were approximately half 
of that of the placebo group during 45–90 days after first 
admission. When the composite outcome of HF read-
mission and death was examined, the inhibitory effect 
on this outcome manifested 30 days after the first hos-
pitalization, suggesting a major effect of empagliflozin 
even on short-term prognosis after the event of HHF 
[29]. Furthermore, in a subgroup analysis of only Asian 
patients [30], empagliflozin demonstrated its effective-
ness in the inhibition of cardiovascular events, including 
HF, at a level similar to that of the overall trial popula-
tion. These results led to further attention on SGLT2 
inhibitors also in Japan.

2.	 Canagliflozin Cardiovascular Assessment Study (CAN-
VAS) Program [31]

	   CANVAS and CANVAS-Renal (CANVAS-R) are 
known collectively as the CANVAS Program, which 
integrated analyses of these two trials. Of a total of 
10,142 participants of the CANVAS Program, 70% were 
secondary prevention patients with a history of cardio-
vascular disease similar to patients in the EMPA-REG 
OUTCOME trial. The results were similar to those of 

the EMPA-REG OUTCOME trial; canagliflozin showed 
a significant 33% reduction in the risk of HHF. When 
a stratified analysis was performed on the presence/
absence of history of cardiovascular disease [32], no 
statistical evidence of heterogeneity was observed for 
the effects of canagliflozin on either outcome of MACE 
or HHF in the primary and secondary prevention groups. 
When a stratified analysis was performed on the pres-
ence/absence of HF history (14% of the total patients 
had an HF history), more remarkable reductions of 
HHF risk and cardiovascular mortality risk were seen 
in patients with HF history than patients without [33]. 
In an interesting subgroup analysis on HF events, the 
phenotypes of HF (HFpEF and HFrEF) at onset were 
analyzed in participants of this trial. Canagliflozin was 
found to reduce the risk for both phenotypes compared 
with placebo. The result of this analysis also suggested 
a potential for greater inhibition of HFrEF onset than of 
HFpEF onset [34].

3.	 Dapagliflozin effect on cardiovascular events-thrombol-
ysis in myocardial infarction 58 (DECLARE-TIMI 58) 
trial [35]

	   This trial was performed on a much larger scale with 
a total of 17,160 patients compared with the afore-
mentioned trials. Since approximately 40% of the total 
patients had a history of cardiovascular disease, the 
most notable characteristic of this trial is that many pri-
mary prevention patients were enrolled. Dapagliflozin 
showed a significant 17% risk reduction compared with 
the placebo in the primary outcome measure—a com-
posite of cardiovascular death or HHF. It also showed 
a significant 27% risk reduction in HHF. When a strati-
fied analysis was performed by the presence/absence 
of history of myocardial infarction [36], dapagliflozin 
tended to show a strong risk-reduction effect for car-
diovascular death or HHF in patients with a history of 
myocardial infarction. It also showed a certain level of 
risk reduction in patients without a history of myocardial 
infarction, suggesting the possibility that dapagliflozin 
improves HF-related outcomes independent of myocar-
dial infarction history. When a stratified analysis was 
performed based on the left-ventricular ejection fraction 
at registration (HFrEF patients with EF < 45% accounted 
for 3.9% of the total patients; HF patients with unknown 
EF accounted for 7.7%) [37], dapagliflozin reduced the 
risk for HHF independent of EF. However, it markedly 
reduced the risk of cardiovascular death and all-cause 
mortality in HFrEF patients, suggesting that an SGLT2 
inhibitor might have a differing effect on some cardio-
vascular prognoses depending on EF.

4.	 Canagliflozin and renal events in diabetes with estab-
lished nephropathy clinical evaluation (CREDENCE) 
[38]
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	   Unlike the aforementioned three trials, this trial exam-
ined the effects of an SGLT2 inhibitor (canagliflozin in 
this trial) on composite renal outcomes in type 2 dia-
betes patients with chronic kidney disease (CKD). The 
secondary outcome measures of this trial were MACE 
and HHF. The trial included a total of 4401 patients, and 
50% of the total patients had a history of cardiovascular 
disease. In the trial, canagliflozin not only had markedly 
inhibited the composite renal events but also had signifi-
cantly reduced MACE by 20% and HHF by 39%. These 
findings were the first results to show the effectiveness 
and safety of an SGLT2 inhibitor in CKD patients.

5.	 Dapagliflozin and prevention of adverse outcomes in 
heart failure trial (DAPA-HF) [39]

This trial largely differed from the aforementioned four 
trials in that its subjects were HFrEF patients only, regard-
less of whether or not they had diabetes. This trial had a total 
of 4744 patients, of whom 45% had a history of diabetes. 
Dapagliflozin showed a significant 26% reduction in the inci-
dence of primary outcome measure (composite of cardiovas-
cular death or aggravated HF) and a significant 30% reduc-
tion in the aggravation of the initial HF. An interesting point 
is that dapagliflozin showed similar effectiveness regardless 
of whether or not the patients had diabetes, suggesting a 
possible therapeutic effect of SGLT2 inhibitor on HF itself.

Inhibition of cardiovascular event and HF 
prevention using SGLT2 inhibitors

Zelniker et al. [40] performed a meta-analysis on the effects 
of SGLT2 inhibitors on the risk of cardiovascular events in 
the earlier three trials described above (EMPA-REG OUT-
COME, CANVAS, and DECLARE-TIMI 58). The following 
summary is based on their results.

1.	 The SGLT2 inhibitors have a higher potential to be 
effective in the secondary prevention patients than the 
primary prevention patients against the primary outcome 
measure of MACE (cardiovascular death, myocardial 
infarction, and stroke).

2.	 In all trials, there was a consistent risk reduction of 
approximately 30% for HHF (+ cardiovascular death) 
(Fig. 2), and the SGLT2 inhibitors have a high poten-
tial to be effective in a wide variety of type 2 diabetes 
patients independent of their history of HF or atheroscle-
rotic cardiovascular disease.

3.	 The SGLT2 inhibitors also showed a consistent risk 
reduction of composite renal events similar to the risk 
reduction of HHF. These inhibitors not only are effective 
in patients at high risk for cardiovascular events, but also 
have a high potential to be similarly effective in type 2 
diabetes patients with a history of CKD (details are not 
presented in our paper).

As discussed above, the results of recent large-scale trials 
using SGLT2 inhibitors advanced the substance of diabe-
tes treatment onto a new stage. The substance of diabetes 

Trial
(Year)

EMPA-REG OUTCOME
2015

CANVAS
2017

DECLARE-TIMI 58
2019

CREDENCE
2019

DAPA-HF
2019

Drug Empagliflozin Canagliflozin Dapagliflozin Canagliflozin Dapagliflozin

Popula�on
Type 2 diabetes pa	ents with 

a history of cardiovascular 
disease

Type 2 diabetes pa	ents with 
a history of or at a high risk for 

cardiovascular disease 
(primary preven	on pa	ents 
accounted for 34% of total 

pa	ents)

Type 2 diabetes pa	ents with 
a history of or at a high risk for 

cardiovascular disease 
(primary preven	on pa	ents 
accounted for 59% of total 

pa	ents)

Type 2 diabetes pa	ents with 
comorbid CKD (eGFR 30-90 
mL/min/1.73 m2) and UACR 

(300-5000 mg/g)

Pa	ents with NYHA class II-
IV HFrEF (with or without 

type 2 diabetes)

HHF

HHF or CV
death

-35% -33% -27% -39% -30%

-34% -22% -17% -31% -26%

Fig. 2   Summary of impact on heart failure-related outcomes observed in the cardiovascular outcome trials with SGLT2 inhibitors
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treatment included the prevention of cardiovascular disease 
and the improvement in prognosis for survival in type 2 dia-
betes patients. In particular, the dramatic effects of SGLT2 
inhibitors have clearly been demonstrated for the prevention 
of HF, which is the theme of our paper, and for renal events. 
Such dramatic effects were thought to be very characteristic 
results of SGLT2 inhibitors which had not seen ever in other 
antidiabetic drugs. Thus, SGLT2 inhibitors are the prom-
ising class of hypoglycemic drug in which the preventive 
effect on HF has been demonstrated [41].

The above results have led to a high level of global atten-
tion on SGLT2 inhibitors’ positioning in diabetes treat-
ment strategy, which aims to improve outcomes, such as 
renal prognosis, and to prevent HF in diabetic patients. The 
descriptions that follow explain the treatment policy, par-
ticularly in Europe and the U.S., for patients who fail to 
achieve target glycemic control using metformin—the first-
line hypoglycemic drug. An SGLT2 inhibitor or GLP-1 
receptor agonist is indicated for type 2 diabetes patients with 
a history of atherosclerotic cardiovascular disease, and an 
SGLT2 inhibitor is indicated in patients where HF or CKD 
predominates [18, 42]. In Japan, the Guidelines for Diag-
nosis and Treatment of Acute and Chronic Heart Failure 
(revised 2017) indicate SGLT2 inhibitors, with a high level 
of evidence and class of recommendation, as a treatment for 
diabetic patients with HF and HF prevention in obese and 
diabetic patients [43].

What is the mechanism of HF prevention?

As discussed above, SGLT2 inhibitors have a very charac-
teristic preventive effect on HF. Was this effect within the 
initially predicted range or an unexpected result [44]? What 
is its mechanism? When SGLT2 inhibitors are re-examined 
from the viewpoint of pharmacological effect, the most 
significant effect is the inhibition of glucose and sodium 
reabsorption in the proximal tubule. From the perspec-
tive of HF prevention, it is not difficult to imagine that this 
inhibition of sodium reabsorption (≈ promotion of natriu-
resis) is the leading trigger in the HF prevention mecha-
nism [45]. In clinical practice, the diuretic effect of SGLT2 
inhibitors is temporary, occurring only in the initial stage of 
their administration. Thus, any clinicians who prescribed 
SGLT2 inhibitors would have personally experienced that 
their diuretic effect is not sustained long term. That is, HF 
prevention occurs not only due to the diuretic effect from 
natriuresis, but also with natriuresis as the starting point. 
The mechanism is speculated to involve the following 
effects which are downstream of this starting point and 
occur in a continuous fashion: preload/afterload reduction, 
cardiorenal-related improvement, inhibition of sympathetic 
nervous system activity, and hemodynamic effects such as 

due to improvement in vascular compliance and increase 
in hematocrit level. Furthermore, it is speculated that the 
mechanism is in continuous action which results in benefi-
cial effects on various metabolic aspects in tissues of the 
heart, kidneys, and vessels. In fact, recent basic research 
has also inferred that although SGLT2 receptors are not 
expressed in the heart, SGLT2 inhibitors have protective 
cardiac effects via wide-ranging (broadly defined) meta-
bolic pathways [46, 47]): a direct anti-inflammatory effect 
on cardiac tissue; an inhibitory effect on a Na+ /H+ exchanger 
(NHE3)—which increases its activity due to HF and then 
imposes impairments of ionic homeostasis in the heart 
(Na+ and Ca2+ overload in the myocardium and decrease in 
mitochondrial Ca2+)—and thereby improving the cardiac 
calcium handling and mitochondrial function [48]; and 
improvement in myocardial energy metabolism, resulting 
from improved mitochondrial function and increased ketone 
body production [49]. From these results, SGLT2 inhibitors 
are speculated to have direct inhibitory effects on HF, com-
pared to the GLP-1 receptor agonists (Fig. 1). We clinicians 
may think that the main mechanism of SGLT2 inhibitors in 
HF prevention involves their effect on macro-hemodynamic 
parameters, such as those causing body weight and blood 
pressure reduction due to their diuretic effect. The greatest 
potential of SGLT2 inhibitors is not limited to such macro-
effects, but also extends to the improvement of glucose and 
lipid metabolism and triggering of various micro-effects on 
metabolic and biological remodeling in many organs and tis-
sues. The resulting effects are very diverse and demonstrated 
synergistically and comprehensively with time and without 
interruption. We think that such multidisciplinary effects 
constitute the mechanism of their protective effects against 
renal and cardiovascular systems, including against HF [50]. 
Furthermore, in the DAPA-HF trial, an SGLT2 inhibitor also 
showed effectiveness against HF in non-diabetic patients, 
and the mechanism is predicted to be at the least independ-
ent of glucose metabolism improvement and elimination of 
glucotoxicity. However, HF is often complicated with not 
only overt ‘diabetes’, but also several degrees of glucose 
intolerance, namely ‘pre-diabetes’. To date, whether SGLT2 
inhibitors can exert beneficial impacts on HF in patients with 
pre-diabetes remains to be elucidated. Thus, their detailed 
mechanism of action against HF has not yet been fully elu-
cidated and is a topic of future research [51].

Future research topic and outlook

The understanding of SGLT2 inhibitors greatly affected by 
the results of trials, such as the CVOTs in type 2 diabe-
tes patients at a high cardiovascular risk and the DAPA-HF 
trial in HFrEF patients with or without diabetes. SGLT2 
inhibitors, a class of antidiabetic drug, have garnered large 
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attention because of their potential of beneficial effects 
against HF itself. We, as cardiologists, await with great antic-
ipation their drug repositioning for HF treatment. However, 
the effects of SGLT2 inhibitors on HF itself have not yet 
been fully elucidated. In fact, enrolled subjects with a his-
tory of HF accounted for only 10–15% of the total subjects 
in the earlier CVOTs. Furthermore, specific effects have not 
yet been fully examined on clinical indicators related to HF, 
such as biomarkers and cardiac function, and there are only 
limited reports on patients irrespective of HF at baseline 
[52–54]. Therefore, multiple clinical studies are being per-
formed specifically on indices related to HF using surrogate 
markers for HF (such as echocardiographic index, natriuretic 
peptide, and exercise tolerance) in diabetic patients with HF. 
There should be future progress in the elucidation of specific 
clinical mechanisms and effects.

Importantly, effective treatment strategy and drugs have 
not yet been established for HFpEF, resulting in unmet clini-
cal needs in HF treatment. It differs greatly from HFrEF in 
which the effectiveness of drugs, such as renin–angioten-
sin–aldosterone system inhibitors and β blockers, and treat-
ment strategies have been sufficiently established. Since 
many diabetes patients are likely to suffer from HFpEF, a 
treatment for HFpEF is also thought to be of great future 
interest in diabetes treatment. Left-ventricular diastolic 
dysfunction—a factor of these clinical unmet needs and the 
main pathology of HFpEF—is a cardiac phenotype in the 
failure of the multi-organ network, in other words systemic 
disease [55]. That is, comprehensive care is thought nec-
essary for these multiple organs in the HFpEF treatment. 
Under these circumstances, the aforementioned multidis-
ciplinary effects of SGLT2 inhibitors are considered the 
very effects that are needed in an effective comprehensive 
intervention, mainly targeting kidney disorders and vascular 
failure (Fig. 3). A multinational clinical trial is also presently 
being conducted to examine the effects of SGLT2 inhibitors 

on HFpEF [56], resulting in great anticipation among car-
diologists for the potential of these inhibitors in HFpEF 
treatment.

Thus, we anticipate further accumulation of evidence 
for the scope of indications, examination of effectiveness in 
clinical practice, and the elucidation of mechanism of action 
against a specific type of HF.

Conclusions

The recent results of large-scale clinical trials have attracted 
major attention in the treatment of HF as a cardiovascular 
complication in diabetic patients. Under such a circum-
stance, there has been great anticipation for SGLT2 inhibi-
tors in a strategy for HF prevention in diabetic patients. The 
concept of such SGLT2-inhibitor use has just begun to be 
advanced in the light of major evidence being accumulated. 
In the future, it will be necessary to elucidate the effective-
ness and mechanism of action against more specific types 
of HF such as HFpEF, to examine clinical long-term safety, 
and to carefully examine the scope of clinical indications.
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