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Why do SGLT-2 inhibitors 
reduce the risk of heart 
failure events?
Introduction
Over the last 40 years, a host of medications such as diuretics, angiotensin-converting 

enzyme (ACE) inhibitors and beta-blockers have been used in the treatment of heart 

failure (HF) with a dramatic effect on quality of life, morbidity and mortality. It is 

important to note that none of these effective medications was developed with the 

aim of HF therapy. 

Although common reasons for treating diabetes mellitus (DM) are increased risk 

of myocardial infarction and stroke, and injury to the eyes, nerves and kidneys, HF 

is the most important complication that diabetics face. HF is the earliest and most 

preventable complication of DM, as well as the most treatable.1 Use of glucose-

lowering drugs can influence the evolution and progression of HF (favourably and 

unfavourably) years before their effects on microvascular events, possibly through 

actions on their common disease mechanisms.

Professor Milton Packer considered the relationship between HF and DM, and the 

effects of commonly used diabetic agents on the risk of HF events, at the Cardiology, 

Diabetes and Nephrology at the Limits Congress, 8-10 April 2019, in London.

KEY MESSAGES

• HF is the earliest, most preventable and most treatable complication of DM

• There is a clear relationship between hyperglycaemia and the development of HF

• There is a clear relationship between HF and the development of insulin resistance

• Both HF and DM are characterised by activation of the sodium/hydrogen exchange (NHE) 
mechanism isoform 1 (NHE-1) in the heart and isoform 3 (NHE-3) in the kidney

• Insulin activates NHE-1 and NHE-3 and in combination with thiazolidinediones has been 
associated with increased risk of HF

• SGLT-2 inhibitors act as NHE-1 and NHE-3 inhibitors, with preservation of renal function and 
decreased development of HF and HF hospitalisations

• Use of glucagon-like peptide 1 (GLP-1) receptor agonists is of concern in HF with reduced 
ejection fraction (HFrEF)

• Some of the dipeptidyl peptidase 4 (DPP-4) inhibitors have been shown to increase HF events.
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What do we know about the intersection of DM 
and HF? 
Are DM and HF two different diseases? 
Perhaps, but there is clearly a relationship 
between hyperglycaemia and the develop-
ment of HF (Figure 1).2 DM leads to HF 
and HF leads to DM. If  HF develops, 

insulin resistance follows with worsening 
DM. If  a left ventricular assist device is 
introduced and HF is reduced, DM is also 
reduced (Figure 2).3 

Both DM and HF are characterised by 
the activation of neurohormonal systems. 
The sympathetic nervous system, renin-
angiotensin system, aldosterone and 

neprilysin are all activated in DM and in 
HF; and they drive the progression of HF 
and microvascular disease in DM (Figure 
3).4 

Figure 1. Hyperglycaemia increases the subsequent risk of developing HF2
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Figure 2. HF leads to insulin resistance and exacerbates hyperglycaemia3
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HF and DM are both characterised 
by increased distending pressures and 
remodelling of critical organs. Increased 
distending pressures in the left ventricle 
result in remodelling and cardiac injury, 
and the development of HF. If  there are 
increased distending pressures in the glo-
merulus, diabetic kidney disease occurs.

Drugs that reduce morbidity and mor-
tality in HF reduce microvascular disease 

in type 2 DM (T2DM). ACE inhibitors 
are used in left ventricular dysfunction 
and for diabetic kidney disease, while 
angiotensin receptor blockers (ARBs) 
and neprilysin inhibitors have favourable 
effects on both heart and kidney. Even 
mineralocorticoid receptor antagonists 
(MRAs) have effects on both systems - 
certainly on HF, maybe also on diabetic 
nephropathy (Figure 4).

Figure 3. Neurohormonal activation in both HF and DM is clinically important4
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Figure 4. Drugs that reduce morbidity and mortality in HF reduce microvascular disease in T2DM
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Is NHE activation a therapeutic target for both DM 
and HF? 
One of the most important mediators of 
organ injury is the activation of the NHE 
mechanism, specifically NHE-1 in the 
heart and NHE-3 in the kidneys. Both 
HF and DM are characterised by activa-
tion of NHE-1 and NHE-3.4 

The activation of NHE-3 causes 
sodium retention, while the activation of 
NHE-1 has a toxic effect on myocytes. 
These two physiological changes can lead 
to HF. In DM, activation of NHE-1 has 

been implicated in retinopathy, neuropa-
thy and cardiomyopathy. The activation 
of NHE-3 has been implicated in hyper-
reabsorption of sodium in the proximal 
tubule, and in the pathogenesis of glomer-
ular hypertension which drives diabetic 
nephropathy. With the activation of NHE 
common to both HF and DM, questions 
arise as to what effects different therapies 
have on these mechanisms and why these 
mechanisms are toxic. 

NHE-1 
If  NHE-1 is activated, intracellular sodium 
is increased and because of the sodium/
calcium exchanger, intracellular calcium is 
increased causing calcium overload. This 
compromises the viability of cardiomyo-
cytes as a toxic effect seen in vitro and in 
vivo. Three large randomised clinical trials 
have studied cariporide, a specific inhibitor 

of NHE-1 (Figure 5).5 In patients under-
going cardiopulmonary bypass with myo-
cardial ischaemia (longstanding coronary 
artery disease), there was a striking reduc-
tion in risk of perioperative myocardial 
infarction following cariporide therapy 
(Figure 6).6 

Figure 6. Inhibition of cardiac NHE-16
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Figure 5. DM in HF leads to sodium and calcium overload and cell death5
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NHE-3

NHE-3 in the kidney is expressed almost 
entirely in the early proximal tubule.7 
NHE-3 is responsible for most of the 
proximal tubular reabsorption of sodium. 
If  sodium reabsorption is enhanced with 
NHE-3 activation, decreased sodium 
delivery to the macula densa through 
tubular glomerular feedback causes the 
afferent arteriole to dilate, resulting in 

glomerular hypertension. The sodium-
glucose transport protein 2 (SGLT-2) 
inhibitors block the NHE-3 mechanism. 
In addition, MRAs may ameliorate both 
HF and diabetic nephropathy by antago-
nism of renal NHE-3. Currently, clinical 
trials are underway to test this hypothesis 
(Figure 7). 

Figure 7. MRAs may ameliorate both HF and diabetic nephropathy by antagonism of renal NHE-37

Plasma volume 
expansion

Mineralocorticoid 
receptor 

antagonists

Glomerular 
hyperfiltration

Early 
proximal 
tubule

Distal 
tubule

Enhanced 
sodium 

reabsorption

Sodium 
delivery

NHE-3

Macula 
densa

Can drugs that activate NHE-1 and NHE-3 make matters worse?
Importantly, NHE activity in both the 
heart and kidney can be increased or 
decreased. Insulin activates NHE-1 and 
NHE-3. In a variety of experimental 
models and in the laboratory, insulin 
has toxic effects on the heart and a defi-
nite antinatriuretic effect, also causing 

sodium retention. The thiazolidinediones 
greatly potentiate the action of insulin 
on NHE-3. Use of these agents causes 
marked sodium retention and have been 
associated with a three- to four-fold 
increase in the risk of HF.

The relationship between the NHE system and 
SGLT-2 mechanisms

NHE isoforms are closely intertwined 
(structurally and functionally) with the 
SGLT-2 mechanism in the proximal 
tubule where most of the sodium and 
glucose reabsorption takes place, and 
in cardiomyocytes where NHE-1 has a 
docking site for SGLT-2. If  SGLT-2 is 
inhibited, NHE-1 is also inhibited, par-
ticularly in diabetic cardiomyocytes.8 

Natriuresis, haemoconcentration and 

decreased glomerular hyperfiltration 
occur if  NHE-3 in the proximal tubule 
is inhibited; this also occurs following 
the administration of SGLT-2 inhibitors. 
Preservation of renal function represents 
a class effect of SGLT-2 inhibitors, with 
almost all cardiovascular outcomes trials 
showing a decrease in the progression of 
diabetic renal disease with use of empagli-
flozin, dapagliflozin or canagliflozin.
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If SGLT-2 is inhibited, 
NHE-1 is also 
inhibited; therefore 
SGLT-2 inhibitors are 
really NHE isoform 
inhibitors

Do SGLT-2 inhibitors as a class reduce risk of HF in T2DM?

A striking signal across all the SGLT-2 
inhibitor cardiovascular outcome trials 
has been a decrease in development of 
HF and HF hospitalisations (25-35%). 

Although showing little benefit in respect 
of myocardial infarction or stroke, 
SGLT-2 inhibitors slow the progression 
of diabetic nephropathy.

Effect of dapagliflozin on cardiovascular death and hospitalisation for HF in T2DM 
(DECLARE-TIMI 58)9

Recently published data from the 
DECLARE-TIMI 58 trial showed a dis-
tinction in benefit based on the phenotype 
of HF at the time of enrolment in the trial. 
If  patients didn’t have HF at enrolment, 
there was no benefit to dapagliflozin use 
on HF events. Benefits were minimal if  

they had HF with preserved ejection frac-
tion (HFpEF), but if  they had HFrEF at 
the time of their baseline evaluation, the 
benefit was significant (Figure 8). This 
indicates an SGLT-2 inhibitor has some 
cardioprotective effects in patients with 
HFrEF.

Figure 8. Effect of dapagliflozin: hospitalisation for HF in T2DM9
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Currently, there are ongoing trials of 
SGLT-2 inhibitors in HFrEF populations, 
such as the dapagliflozin (DAPA-HF) 

trial and empagliflozin (EMPEROR-
Reduced) trial (Table 1). 

Table 1. Ongoing trials of SGLT-2 inhibitors in HFrEF

DAPA-HF (dapagliflozin)

• ~4700 patients with EF >40%, with and without diabetes

• Primary endpoint: cardiovascular death, hospitalisation for heart failure, or urgent heart failure visit

• Anticipated annual event rate: 11%

• Results: Nov 2019 to Mar 2020

EMPEROR-Reduced (empagliflozin)

• 3600 patients with EF <40%, with and without diabetes

• Primary endpoint: cardiovascular death or hospitalisation for heart failure 

• Anticipated annual event rate: 15-20%

• Results: Aug 2020 to Nov 2020
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Could SGLT-2 inhibitors be effective in HFpEF? 

There are many sub-phenotypes of 
HFpEF, which include features such as 
abnormalities of titin, abnormal protein 
aggregates of amyloid and inflammation 
of epicardial adipose tissue that lead to 
inflammation of the underlying myocar-
dium and disruption of the microvascu-
lature with cardiac fibrosis. Regardless of 

body mass index, diabetic patients have 
markedly thickened and inflamed epi-
cardial fat that secretes proinflammatory 
cytokines; it is also a source of mesenchy-
mal stem cells that can be proinflamma-
tory and be transformed into fibroblasts. 
This leads to the decreased distensibility 
that is seen in HFpEF (Figure 9).10

Figure 9. Accumulation and inflammation of epicardial fat causes microvascular rarefaction and fibrosis 
of underlying myocardium10
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Use of SGLT-2 inhibitors shows a shrink-
age of epicardial fat in all HFpEF patients 
and, in one experimental study, a decrease 
in the inflammation of adipocytes in the 

epicardium. Ongoing trials of SGLT-2 
inhibitors in HFpEF include dapagli-
flozin (DELIVER) and empagliflozin 
(EMPEROR-Preserved) trials (Table 2). 

Table 2. Ongoing trials of SGLT-2 inhibitors in HFpEF

DELIVER (dapagliflozin)

• 4700 patients with EF >40%, with and without diabetes

• Primary endpoint: cardiovascular death, hospitalisation for heart failure visit

• Results: Nov 2020 to Mar 2022

EMPEROR-Preserved (empagliflozin)

• 5250 patients with EF >40%, with and without diabetes

• Primary endpoint: cardiovascular death or hospitalisation for heart failure 

• Results: Mar 2021

“These drugs are not 
neutral. If anything, 
from a heart failure 
point of view, we are 
worried about them”
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What are the effects of other glucose-lowering 
drugs on HF? 
In HFrEF there are concerns about the 
use of GLP-1 receptor agonists, with two 
small trials currently showing an increase 
in adverse cardiac effects with liraglutide 
over a period of six months. GLP-1 recep-
tor agonists are known to increase cyclic 
AMP and also cause a modest increase in 
heart rate – both of concern in HF as this 
may exacerbate cardiac injury. In large-
scale clinical trials of GLP-1 receptor ago-
nists, there has not been an adverse signal 
for HF events. Professor Packer thinks this 
is because GLP-1 receptor agonists also 
shrink epicardial adipose tissue; they are 
anti-inflammatory for adipocytes derived 
from the epicardium and therefore, even 
though they might have an adverse effect 
in HFrEF, they could have a favourable 
effect in HFpEF. The total effect we see in 

DM trials with GLP-1 receptor agonists 
has been neutral thus far, possibly due to 
seeing the net effect of positive HFpEF 
outcomes, but potentially a negative del-
eterious effect in HFrEF.

Some of the DPP-4 inhibitors (saxa-
gliptin, alogliptin, vildagliptin) have been 
shown to increase HF events. DPP-4 
inhibitors enhance both GLP-1 and 
stromal cell-derived factor 1 (SDF-1), a 
chemokine that increases sympathetic 
activity and has proinflammatory effects 
on epicardial fat. Theoretically, it would 
be expected that this would make HFrEF 
and HFpEF worse (Figure 10). “These 
drugs are not neutral. If  anything, from a 
HF point of view, we are concerned about 
them,” Professor Packer noted. 

Figure 10. The extent to which DPP-4 inhibitors adversely influence HF
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