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Heart Failure, diabetes and SGLT2i: Time to change practice?

In this lunch symposium held during ESC Heart Failure 2019 in Athens, Greece, the 
relevance of diabetes treatment in the management of heart failure (HF) and novel 
interventions to improve CV outcomes in patients with HF and diabetes were discussed. 
More specific, prof. Cowie talked about what every HF cardiologist should know about 
treating diabetes. Prof. Verma described the potential mechanisms by which SGLT2 
inhibitors (SGLT2i) mediate their beneficial effects and he presented experimental data 
on beneficial effects of SGLT2i in the absence of diabetes. Prof. Lam shared real-world 
data of the Asian-HF registry and comparisons with data from other parts of the world. 
Finally, possible future strategies with SGLT2i were discussed by prof. Voors and he 
gave an update on ongoing trials. 

TOPICS
The essentials for diabetes and heart failure 
Martin Cowie, MD – Imperial College London, UK

Why could patients with HF and T2DM benefit from 
SGLT2i? 
Subodh Verma, MD – Toronto, ON, Canada

Real world evidence and outcomes in the management 
of heart failure patients with T2DM 
Carolyn Lam, MD, PhD – Singapore

The future of SGLT2i in HF:  
Managing patients without T2DM? 
Adriaan Voors, MD – Groningen, The Netherlands 

The essentials for diabetes and heart 
failure

Prof. Martin Cowie, MD – Imperial College London, UK

Diabetes is common in HF patients, regardless of whether 
one looks at data from clinical trials or real world registries 
[1]. Between one-quarter and one-third of HF patients 
have diabetes, and in some parts of the world, for example 
in the Middle-East and Asia the proportion is even higher, 
up to 50-60%. Registry data from the UK showed that 
one-third of patients admitted to the hospital for HF have 
diabetes. The risk of developing diabetes increases in HF 
patients with time. As the dose of diuretics increases as a 
reflection of the severity of HF, the risk of diabetes rises 
quite remarkably [2]. Moreover, not only is HF a risk factor 
for diabetes, but the treatment for HF (especially diuretics) 

also increases the risk for development of diabetes. 
Prof. Cowie emphasized that HF physicians need to 
know about diabetes, how it impacts the prognosis of 
patients, and how it might affect treatment decisions 
and recommendations. He backed this up with data 
showing that all-cause mortality, HF hospitalization, and 
combined endpoints were all increased in HF patients with 
diabetes compared to HF patient without diabetes or with 
prediabetes [3]. 

Then Cowie changed perspective and asked how 
common HF is in diabetes patients. Age is a strong risk 
factor for HF, as well as the duration of having diabetes [4]. 
Between 10-15% of diabetes patients have HF [1]. 
Thus, diabetes and HF often interact and Cowie stated 
that it is time that clinicians think more about these 
conditions simultaneously. That raises the question 
whether treatment of patients with HF with reduced 
ejection fraction (HFrEF) should be modified based on 
the presence of diabetes. Cowie answered firmly that 
this is not the case. All evidence-based therapies show 
benefit for diabetes patients in subgroup analyses, with 
similar relative risk reduction and even greater absolute 
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risk reduction compared to non-diabetes patients. The 
only caveat is that control of potassium levels by the 
kidney of diabetes patients can be reduced with use of 
renin-angiotensin-aldosterone system inhibitors (RAASi) 
and aldosterone antagonists, resulting in increased risk 
of hyperkalemia. Therefore, more frequent monitoring of 
renal function is required in these patients.  

Does HF modify treatment decisions for diabetes patients? 
This is a moving field with a lot of clinical data in the last 
few years and more data of RCTs are awaited in the next 
two years. A consensus document published in 2018 by 
the EASD and ADA, considers two groups of diabetes 
patients at high CV risk with separate recommendations 
for therapy (after metformin and  lifestyle changes): for 
patients with atherosclerotic CVD, glucagon-like peptide-1 
receptor agonists (GLP-1Ras) are recommended and for 
patients with HF or chronic kidney disease (CKD), SGLT2 
inhibitors (SGLT2i) are recommended. 
Considering the new data and insights, when is it time 
to change practice? Although it is a rapidly moving 
field, Cowie said we have to start now. He showed the 
recommendation from Diabetes UK [5], a patient and 
professional group working together on the minimal 
care patients should expect. The recommendation 
includes measurement of HbA1c, blood pressure (BP), 
lipids, retinopathy screen, examination of feet and legs, 
measurement of kidney function and proteinuria, flu 
vaccination, dietary advice, and others. Most of these 
measurements should be done annually. 
Indeed, Cowie asks his patients whether they have 
diabetes, if so, who is responsible for care and advice, if 
things are working (do the patients feel supported, are 
they well informed), what their control is, advises them to 
stop smoking, discusses sexual function, goes through 
their medication list, checks if they had flu vaccination, and 
what their GP is up to.

Why could patients with HF and T2DM 
benefit from SGLT2i? 

Prof. Subodh Verma, MD – St Michael’s Hospital, Toronto, 
ON, Canada

Prof. Verma showed a graph of the relationship between 
risk of CV death and HF hospitalization and net benefit 
of SGLT2i: with a higher event rate for CV death and 
HF hospitalization, SGLT2i gives greater reduction in 
CV outcomes. Unknown at this time is whether patients 
with established HF with or without diabetes will benefit 
from SGLT2i. A recent analysis of the DECLARE-TIMI 58 
trial examining efficacy of SGLT2i across the range of 
ejection fraction (EF) showed that in the placebo group, 

patients with reduced EF tended to have higher event 
rates compared to those without reduced EF. In patients 
with reduced EF, substantial reduction in CV death and 
HF hospitalization was observed with dapagliflozin, and 
also all-cause mortality was greatly reduced [6]. In patients 
without reduced EF, dapagliflozin resulted in similar 
reduction of HF hospitalization, but there was no reduction 
in CV death or all-cause mortality. This raises the question 
whether the effect of SGLT2i depends on HF type. 

The rationale to use SGLT2i in HF patients without 
diabetes is underpinned by three observations: 1) Patients 
with HF have similar pathophysiological features as 
diabetes patients [7,8]. 2) Glucosuria and natriuresis 
benefits of SGLT2i are seen in patients with and without 
diabetes [9-11]. 3) The CV benefits observed in the SGLT2i 
trials were largely independent of glucose levels [12]. 
The benefits of SGLT2i appear to be independent of 
baseline eGFR, which was demonstrated in the EMPA-REG 
OUTCOME trial: a consistent reduction in CV outcomes 
with SGLT2i was observed irrespective of renal function 
[13,14]. 

Several mechanisms have been suggested to mediate 
the benefits of SGLT2i [15]. SGLT2 inhibition results in 
afferent arterial vasoconstriction and thereby reduces 
intraglomerular hypertension and improves renal function. 
Natriuretic benefits as well as glucosuria caused by 
SLGT2 inhibition are associated with reductions in BP and 
afterload, which is suggested to improve filling conditions 
of the ventricle. Emerging data show that SGLT2i have 
beneficial effects on myocardial metabolism, more 
specifically; effects on ketone utilization or branched-
chain amino acid (BCAA) utilization. Other potential factors 
or mechanisms may involve cardiac sodium hydrogen 
exchange, adipokines, epicardial tissue and fibrosis. 

Verma then asked how SGLT2i compare to diuretics 
and showed data of a study comparing the effect of 
dapagliflozin with that of the loop diuretic bumetanide [16]. 
Dapagliflozin resulted in an increase in sodium excretion 
and a reduction in interstitial fluid volume and no change 
in blood volume, suggesting differential regulation of 
interstitial and intravascular compartments. Consistent 
with these results, in response to dapagliflozin there was 
no rise in plasma renin activity, neurohormonal activation, 
and sympathetic activation. In contrast, bumetanide 
resulted in a rapid increase in sodium excretion, a 
reduction in interstitial fluid volume and reduction in 
intravascular fluid volume. This may be the reason that 
sympathetic activity and neurohormonal activation 
increase with loop diuretics. 

SGLT2i may lower expression of the cardiac sodium 
hydrogen exchanger and thereby reduce intracellular 
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sodium, which regulates cardiac structure and function 
[17]. More recently, SGLT2i have been demonstrated to 
inhibit Ca²+/calmodulin-dependent protein kinase II (CaM 
kinase II), which is involved in intracellular Ca2+ trafficking 
and cardiac myocyte apoptosis. Thus, SGLT2i may 
improve myocyte function by inhibition of cardiac myocyte 
apoptosis.  

What about the role of energetics and ketones in 
the effects of SGLT2i? Diabetic animals treated with 
empagliflozin showed improvement in cardiac ATP 
generation, which was secondary to improved cardiac 
glucose oxidation and there was no increase in utilization 
of ketones [18]. Although it is not known whether 
ketones play a role in the energetic effects of SGLT2i, 
there are other mechanisms by which ketones can have 
beneficial effects. An increase in beta hydroxybutyrate 
inhibits histone deacetylase, which can result in higher 
antihypertrophic transcription and may facilitate a 
reduction in fibrosis [19]. 

Integration of beneficial effects on BP, afterload and 
metabolism by SGLT2i will likely facilitate reverse 
remodeling of the heart. A hypothesis-generating study 
of 10 diabetes patients with established CVD receiving 
empagliflozin showed a reduction in left ventricular (LV) 
mass at 6 months and an increase in lateral E’ velocity, 
which suggests that diastolic function was improved 
[20]. In the EMPA-Heart CardioLink-6 trial, the effect of 
empagliflozin vs. placebo on LV mass was examined in 
T2DM patients with a history of coronary artery disease 
(CAD) using cardiac MRI [21]. The primary outcome of LV 
mass indexed to body surface area was reduced after 
6 months of treatment with empagliflozin. These results 
suggests that empagliflozin promotes reverse remodeling 
in an early phase of treatment. 

Verma then raised the question whether SGLT2i can 
protect the heart in the absence of diabetes. In two mice 
models of HFrEF, treatment with empagliflozin prevented 
the decrease in EF [22,23]. Data from a porcine HFrEF 
model demonstrated that empagliflozin was associated 
with improved cardiac structure and function due to a 
shift in myocardial utilization of ketones and BCAA [24], 
suggesting that the myocardial metabolism hypothesis 
may be important in conditions of HFrEF without diabetes. 
An in vitro study with human fibroblasts demonstrated that 
empagliflozin reduced expression of profibrotic markers 
and markers of extracellular matrix turnover. Ongoing 
studies examining the effect of SGLT2i in experimental 
models of HF with preserved EF (HFpEF) without diabetes, 
suggest that empagliflozin prevents decline in EF and 
reduces fibrosis (unpublished, Dyck and Verma). Other 
studies showed that canagliflozin reduces NT-proBNP, 
high-sensitivity troponin and IL-6 levels and favorably 

affects the levels of the adipokines leptin, adiponectin and 
leptin/adiponectin ratio [25,26].

A recent perspective by Sano and Goto proposed 
that erythropoietin (EPO) secretion by the kidney is 
involved in beneficial effects of SGLT2i [27]. In their 
hypothesis, increased activity of the Na+/K+ pump to 
reduce glucose levels in those with diabetes leads to 
renal hypoxia and stress, which transforms EPO secreting 
fibroblasts into myofibroblasts that can no longer secrete 
EPO. Theoretically, treatment with SGLT2i reduces 
intrarenal stress and hypoxia and prevents the aberrant 
transformation of fibroblasts resulting in normal EPO 
secretion. 

A recent study suggested that empagliflozin not only 
improves prognosis, but also cardiorespiratory fitness in 
diabetes patients [28]. Ongoing studies like IMPERIAL and 
DETERMINE will add more data in the near future. 

In summary, SGLT2i have shown remarkable benefits on 
several pathways, including effects on LV hypertrophy, 
cytokines, inflammation, extracellular remodeling, cardiac 
metabolism, and cardiac myocyte apoptosis.  These 
factors may play an accumulative role in the remodeling of 
the myocardium and thereby affect CV outcomes.

Real world practices and outcomes in the 
management of heart failure patients with 
T2DM

Prof. Carolyn Lam, MD, PhD – National Hearth Centre, 
Singapore

Prof. Lam started by presenting a global picture of the 
burden of HF. She highlighted the high prevalence of HF 
in Asia. In Southeast Asia there are an estimated 9 million 
HF cases. The global burden of diabetes is even worse. 
Lam said that Asia is the capital of diabetes in the world: 
60% of all diabetes patient live in Asia and the number of 
patients in Southeast Asia is expected to increase by 70% 
by 2035. 

The Asian-HF registry prospectively follows HF patients 
from 11 regions in Asia [29]. Lam showed that there are 
interactions between regional income level and ethnicity 
on risk factor burden in HFrEF [30]. For instance, among 
those of Indian ethnicity, the odds of having diabetes in 
HF patients from a high income region (like Singapore) 
was >5 times higher compared to HF patients from a 
low income region (like India). She suggested that this 
might be explained by the rapid demographic transitions 
that some countries have experienced. She gave the 
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example of Singapore; a fishing village in the 1960s and a 
metropolis today. A rapid transition from starvation to diets 
rich in carbohydrates might explain the high incidence of 
diabetes and HF nowadays. 

Comparing registry data from Asian HF patients with 
Swedish HF patients showed that more Asian HF patients 
had diabetes, for each HF type [31]. As BMI increased, 
prevalence of diabetes increased for both Asian and 
Swedish HF patients, but at any given BMI, diabetes 
prevalence was much higher in Asian patients, even at 
BMI <20 kg/m². Clustering of comorbidities in the Asian-
HF register by a machine learning approach resulted in 
five phenotypes: 1) young, familial HFrEF, 2) traditional, 
ischemic HFrEF, 3) elderly, atrial fibrillation (AF)-type 
HFpEF, 4) metabolic phenotype HFpEF, 5) lean diabetic 
HFpEF [32]. 
Subanalyses of data from the Asian-HF registry suggested 
that in those with a low BMI, women were more likely to 
develop diabetes than men, and in women diabetes was 
more related to CKD [33]. Also, LV geometry and diabetes 
were more strongly related in women than in men, and 
diabetes was associated with worse outcomes after 1 year 
in women compared to men.

Real world practices of treatment of patient with diabetes 
and HFrEF using data from the Asian-HF registry 
showed that patients with diabetes were less likely to 
be prescribed guideline-directed medical therapies for 
HF (RAASi and mineralocorticoid receptor antagonists 
[MRAs]). Use of diabetes medication in HF patients 
varied widely throughout Asia; the most commonly used 
therapy was metformin, followed by sulfonylurea (SU), 
then insulin and dipeptidyl peptidase 4 (DPP-4) inhibitors 
and some patients were on thiazolidine (TZD). Use of TZD 
in the presence of HF is contra-indicated according to 
the 2016 ESC HF guidelines, because it can exacerbate 
HF. Diabetes worsens outcomes in HF patients, and 
only metformin was associated with a reduced risk of 
the composite outcome of HF hospitalization and death 
[34]. Lam noted that this was an observational study 
and although adjustments for baseline characteristics 
were done, it was not an RCT. Nevertheless, the results 
are reassuring because the ESC HF guidelines of 2016 
recommend metformin as first-line therapy for glycemic 
control in patients with HF and diabetes. Comparing 
data from the Asian-HF registry with data from the ACC-
Diabetes collaborative registry showed that HF patients 
from the US were more likely to be prescribed insulin 
than Asian HF patients, US patients were less likely to be 
prescribed SUs and a small percentage was prescribed 
TZD [35]. Use of guideline-directed medical therapies 
for HF was lower in patients from lower income Asian 
countries. Both in the US and Asia there are opportunities 
to improve evidence-based therapy for diabetes and HF.

Observational real-world data from the CVD REAL 2 
study, which includes T2DM patients from Asia, showed 
that use of SGLT2i was associated with reduced risk for 
HF hospitalization and the composite of death and HF 
hospitalization [36]. Inspired by these results, the ADOPT 
(Asian Diabetes Outcomes Prevention trial) is about to be 
launched, in which T2DM patients with high risk for HF, 
indicated by NT-proBNP level >125 pg/mL, will be treated 
with intensive therapeutic regime, including RAASi and 
SGLT2i, or standard care and followed for the primary 
endpoint of CV outcomes.

The future of SGLT2i in HF: Managing 
patients without T2DM? 

Prof. Adriaan Voors, MD – UMCG, Groningen, The 
Netherlands

In his presentation prof. Voors addressed three major 
questions after the first study results with SGLT2i thus 
far: 1) Can we now routinely recommend SGLT2i in T2DM 
patients with concomitant HF? 2) Will SGLT2i work in HF 
patients without T2DM as well? 3) Which SGLT2i trials are 
ongoing? 
He showed a slide with details of three major CV outcome 
trials (CVOTs) testing SGLT2i: EMPA-REG OUTCOME, 
the CANVAS Program and DECLARE-TIMI-58. There is 
great consistency in the design of the trials (all including 
T2DM patients with established CVD or CV risk factors). 
Results also showed great consistency, with ~15-25% 
reduction in primary endpoints. For a HF cardiologist, the 
most interesting finding is the reduction of ~35% in HF 
hospitalization. 

However, before SGLT2i can be used in HF patients, 
there are a few things to consider and caveats to 
address said Voors. In these trials, the proportion of 
patients with a history of HF was low: ~10%. In addition, 
HF in these patients was not well-established; type 
of HF and NT-proBNP levels were unknown in many 
patients. Furthermore, HF hospitalizations were often 
not adjudicated. This makes it difficult to translate data 
of T2DM patients with high CV risk to a real-world HF 
population. 

Originally, SGLT2i were designed as glucose-lowering 
drugs, but now the question is relevant whether these 
agents will also work in patients without T2DM. There 
are many potential mechanisms how SGLT2i might be 
beneficial for the heart and give benefit in HF patients. 
The most important effect of SGLT2i for HF patients is the 
diuretic effect, which is related to glucose excretion. In 
non-diabetics, there is less glucose to be excreted, and 
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thus also less sodium. Therefore, in theory, the natriuretic 
and diuretic effects of SGLT2i should be reduced when 
glucose levels are lower. But it is unsure whether this 
holds true in practice. He showed the results of a pooled 
analysis of 11 phase 3 trials in T2DM patients randomized 
to placebo or dapagliflozin [37]. In patients with lower 
eGFR, the reduction in HbA1c was smaller. However, 
effects on decongestion were independent of eGFR 
level. The authors of this study concluded that the effects 
of dapagliflozin are partly mediated by non-glucosuric 
effects. Although the EASD/ADA already recommends 
to use SGLT2i in patients with HF and impaired renal 
function, Voors said it might not be prime time yet and we 
have to wait for study results to arrive. 

Voors next gave an overview of ongoing HF trials with 
SGLT2i. DAPA-HF will enroll >4000 patients with HFrEF, 
randomized to dapagliflozin or placebo, irrespective of 
diabetes status, with HF hospitalization or CV death as 
primary outcome. The EMPEROR program examines the 
effect of empagliflozin across the full spectrum of HF, 
with separate trials enrolling HFrEF and HFpEF patients. 
The DELIVER trial will enroll ~4500 HFpEF patients in 
which the effect of dapagliflozin will be evaluated and the 
SOLOIST trial examines the combined effect of SGLT1 and 
SGLT2 inhibitors in HF patients across the whole LVEF 
range and patients will be randomized during worsening 
HF. In addition, the EMPERIAL Preserved and Reduced 
trials will examine the effect of empagliflozin on exercise 
capacity in HF patients. He ended by presenting the study 
design details of the EMPA-RESPONSE, a first acute HF 
RCT, examining the effect of empagliflozin in 80 patients.
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