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Abstract

Heart failure (HF) is a common disease with increased risk for mortality and morbidity among
patients with type 2 diabetes mellitus (T2DM). Optimal glycemic control in this patient population
is challenging as many available therapies can potentially exacerbate symptoms of HF.
Empagliflozin is one in a novel class of agents, the sodium glucose co-transporter 2 (SGLT2)
inhibitors, that lowers blood glucose by increasing urinary glucose excretion and improves
glycemic control and lowers body weight and blood pressure. In the recent EMPA-REG
OUTCOME trial, empagliflozin was shown to improve cardiovascular outcomes in patients with
T2DM and established cardiovascular risk where it reduced HF hospitalizations and
cardiovascular death, with a consistent benefit among patients both with and without baseline HF.
Here, we review the empagliflozin data on HF outcomes and discuss potential mechanisms for its
benefits in HF with a focus on the potentially significant impact that empagliflozin may have on
the care of patients with T2DM and HF in the future.
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Introduction

Heart failure (HF) is a common and deadly disease with an estimated prevalence of more
than 5.7 million in the United States.(1) HF contributes to 1 in every 9 deaths in the United
States and there is an estimated 5 year survival of 50% at the time of diagnosis.(1) HF is a
frequent comorbidity among patients with type 2 diabetes mellitus (T2DM), especially
among older adults (~22% in patients =65 years) (2), and may be an important mediator of
left ventricular systolic and diastolic dysfunction leading to HF.:(3) Furthermore, a diagnosis
of T2DM carries an adverse prognosis among those with systolic HF and has been shown to
increase risk for all-cause mortality and cardiovascular death in both ischemic and non-
ischemic etiologies of HF.(4)

The optimal management of T2DM in HF remains a challenge due to multiple factors. Some
anti-hyperglycemic therapies such as insulin and thiazolidinediones promote weight gain
and fluid retention thereby potentially counteracting the beneficial effects of glycemic
control on HF. Therapies such as the thiazolidinediones and saxagliptin, a dipepitdyl-
peptidase 4 (DPP-4) inhibitor, have been associated with signals of increased risk of HF
compared with standard care, resulting in product-label cautionary language modifications
required by the FDA.(5, 6) Furthermore, until recently, there have been no anti-
hyperglycemic therapies for T2DM shown to modify HF outcomes.

Recently, a novel class of medications, the sodium glucose co-transporter 2 (SGLT2)
inhibitors, have been approved for management of glycemic control in T2DM. One
medication in particular, empagliflozin, has recently been shown to improve both glycemic
control and cardiovascular outcomes, a first for a glucose lowering therapy in the modern
area.(7) Here, we review the mechanism of action of empagliflozin, summarize current data
focused on HF outcomes, highlight important safety issues pertinent to the HF population,
and consider the potential future impact of empagliflozin on the growing population of
patients with T2DM and with or at risk for HF.

Mechanism of Action

Glucose is freely filtered into the urine at the glomerulus and reabsorbed by both SGLT
proteins 1 and 2 located in the proximal tubule of the kidney. SGLT2 transports
approximately 90% of filtered glucose back into the systemic circulation by coupling
glucose transport to the electrochemical sodium gradient,(8) while SGLT1 reabsorbs the
remaining 10% under normal physiologic conditions.(9) Empagliflozin, as well as other
SGLT2 inhibitors presently in clinical use (canagliflozin and dapagliflozin), selectively
inhibit SGLT2, which decreases the renal tubular threshold for glycosuria and increases
urinary excretion of glucose, thereby reducing blood glucose independent of insulin. This
unique mechanism of action avoids many of the limitations of other anti-hyperglycemic
agents such as weight gain and hypoglycemia that occur through augmented insulin
secretion.

Since sodium is co-transported with glucose, inhibition of SGLT2 also causes a small
natriuresis in addition to the osmotic diuresis resulting from increased urinary glucose
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excretion. This results in an increase of 107 ml to 450 ml of urine output per day.(10)
Furthermore, there may also be greater increases in hemoglobin and hematocrit
concentrations among empagliflozin treated groups compared with placebo or active
controls. These changes appear to be a class effect with all SGLT2 inhibitors, although a
recent systematic review found that empagliflozin demonstrated the largest increase in
hematocrit.(11) Whether these changes are related to volume contraction leading to
hemoconcentration or off-target effects such as erythropoietin stimulation and increased red
cell mass remains to be determined.

The pharmacodynamics of empagliflozin were evaluated in a phase | study of healthy adults.
This study demonstrated that over the first 24 hours, glucose reabsorption was inhibited by
40% on average across doses studied, with a graded association with increasing dose up to
60% inhibition of glucose reabsorption up to a dose of 100 mg, with no further increase at
higher doses.(12) In patients with T2DM, this equates to excretion of urinary glucose
ranging from 78 to 90 grams per day, depending on the dose and on circulating
concentrations of glucose.(13) In both patients with T2DM and healthy subjects,
empagliflozin has similar pharmacokinetic properties. It is rapidly absorbed orally reaching
peak levels in 1.5 hours with 78% bioavailability.(14) Once absorbed, it is metabolized in
the liver by glucuronidation into three conjugates, with each metabolite consisting of less
than 10% of the drug in circulation.(14) The half-life of empagliflozin is approximately 12.4
hours. The drug is primarily excreted by the kidney and in the feces as mostly unaltered
drug. None of the pharmacodynamics or pharmacokinetics properties of empagliflozin have
been specifically studied in patients with HF.

Clinical Outcomes

There are six phase 11, randomized, controlled clinical trials demonstrating the efficacy of
empagliflozin at lowering glycosylated hemoglobin (HbA1c) as monotherapy or add-on to
existing diabetes therapies.(15-20) None of these trials specifically included or excluded
patients with HF; however, only the EMPA-REG P10(18) trial had a pre-specified data
collection and analysis for signs and symptoms of HF and edema. The proportion of
participants with HF at baseline was not reported. In this study, patients with HbAlc =7 and
<10% were randomized to treatment with once daily empagliflozin (10 mg or 25 mg) or
placebo as add-on therapy to pioglitazone + metformin for 24 weeks. At 6 weeks post-
randomization, there was no increase in the frequency of edema or HF in patients receiving
empagliflozin and pioglitazone compared with placebo. Peripheral edema was reported in
two patients receiving placebo and one receiving empagliflozin 25 mg; one patient receiving
empagliflozin 10mg reported symptoms of HF.

In 2015, the results of the EMPA-REG OUTCOME trial were published in the New England
Journal of Medicine demonstrating the beneficial effects of empagliflozin on cardiovascular
morbidity and mortality.(21) This multicenter, randomized, double-blind, placebo-controlled
trial evaluated 7028 patients with T2DM and established cardiovascular risk randomized to
either one of two doses of empagliflozin (10 mg or 25 mg daily) or placebo. Cardiovascular
risk was defined as the presence of at least one of the following: history of myocardial
infarction or stroke, coronary artery disease with documented evidence of unstable angina,
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ischemia by non-invasive testing, or coronary angiography/revascularization, and peripheral
arterial disease. Pooled analyses of the two empagliflozin dose groups compared with
placebo showed a 14% reduction in the primary composite outcome of 3-point major
adverse cardiovascular events (MACE): cardiovascular death, nonfatal myocardial
infarction, or nonfatal stroke over a median treatment period of 2.6 years and median follow
up period of 3.1 years. In addition, the empagliflozin treated group vs placebo also
demonstrated risk reduction in death from cardiovascular causes (HR 0.62, 95% CI 0.49—
0.77), death from any cause (HR 0.68, Cl 95% 0.57-0.82), and hospitalization for HF (HR
0.65, Cl 95% 0.50-0.85). The beneficial effects of empagliflozin on cardiovascular
outcomes emerged early, as early as 1 month and within 3—6 months of initiation of therapy,
and was sustained throughout the observation period.

Given the robust and somewhat surprising beneficial effects on HF and cardiovascular death,
the authors further investigated HF outcomes in all the participants and subgroups including
those with and without baseline HF.(7) The majority of the study participants were male and
white; only 5% of the participants were black. The prevalence of coronary artery disease,
stroke, and stage I11 or worse chronic kidney disease (CKD) was 76%, 24%, and 26%,
respectively. The mean body mass index (BMI) of the study cohort was 30.6 kg/mZ.
Approximately 10% of the overall study cohort had pre-existing HF. The majority of
participants were taking angiotensin converting enzyme inhibitors, angiotensin receptor
blockers, and beta blockers at baseline.

The findings of the analysis are summarized in the Table. There was a 34% relative risk
reduction (RRR) in the pre-specified composite outcome of cardiovascular death or
hospitalization for HF in the empagliflozin vs placebo treated group (HR 0.66, 95% ClI
0.55-0.79). This was consistent between doses and across subgroups of age, race, and
kidney function, use of cardiovascular or anti-hyperglycemic medications, and over a wide
range of outcomes. Investigator reported HF, defined by a standardized Medical Dictionary
for Regulatory Activities (MedDRA) query encompassing a group of HF related search
terms, and investigator reported HF meeting criteria for serious adverse events were also
significantly lower with empagliflozin than with placebo (30% and 31% RRR, respectively).
The proportion of patients who had introduction of loop diuretics during follow-up was
significantly lower in the empagliflozin treated group compared with placebo (8.6% vs.
13.3%). Approximately 43% of all the participants were using loop diuretics at baseline, and
comprised a larger group than those with reported prior HF; nevertheless, the benefits of
empagliflozin on 3-point MACE and cardiovascular death were consistent whether or not
participants were using loop diuretics at baseline.(7)

When results were examined among patients stratified by baseline HF status, as expected,
the rates of HF hospitalization, cardiovascular death, and all-cause mortality were much
higher (26 fold) in patients with HF at baseline compared with those without HF. However,
the risk reduction seen with empagliflozin was consistent regardless of baseline HF status.
Among patients with baseline HF treated with empagliflozin, non-significant relative risk
reductions were seen for HF hospitalization (25%), cardiovascular death (29%), and all-
cause mortality (21%). The lack of statistical significance was likely due to the small
number of patients with HF at baseline in the study (n = 706, ~10% overall). Body weight
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and blood pressure were both lower among empagliflozin treated patients compared with
placebo both with and without HF at baseline. Although patients with baseline HF weighed
~6 kg more than those without HF, empagliflozin reduced weight by ~2 kg in both groups.
Decreases in systolic blood pressure and increases in hematocrit with empagliflozin
treatment were consistent with prior clinical trial data and similar by HF status at baseline.

Mechanisms for Cardiovascular Benefit in Heart Failure

The exact mechanisms by which empagliflozin improves HF outcomes are not fully
understood. The lack of benefit in EMPA-REG OUTCOME on atherosclerotic outcomes
suggests that empagliflozin effects are not mediated through reduction or prevention of
atherothrombotic events such as myocardial infarction or stroke. Assessments of left
ventricular function and B-type natriuretic peptide were not performed in EMPA-REG
OUTCOME so changes in these important prognostic markers in HF cannot be directly
linked to the beneficial effects of empagliflozin on HF outcomes. Furthermore, because HF
and mortality outcome curves diverged early in treatment (<6 months and as early as 1
month), it is unlikely that the benefit is entirely attributable to improved glycemic control.

Several mechanisms have been postulated (Figure) including effects on osmotic diuresis and
natriuresis contributing to blood pressure lowering without a compensatory increase in
sympathetic nervous system activation (22), decreased arterial stiffness and vascular
resistance (23), improvements in weight and visceral adiposity (24), decreases in uric acid
and oxidative stress (25, 26), off-target effects on lipid metabolism, and a shift in myocardial
fuel energetics (27). A recent theory suggests that SGLT2 inhibition may improve
myocardial work efficiency based on a shift in fuel energetics with myocardial substrate
metabolism switching away from free fatty acids and towards ketones, which are a more
energy efficient fuel. The resulting improvement in myocardial metabolic efficiency could
translate into long term benefit as it relates to HF. Increases in hemoglobin and hematocrit
related to SGLT2 inhibitor treatment have also been observed in multiple studies and may
play a role. For example, in EMPA REG OUTCOME, the mean change from baseline in
hemoglobin and hematocrit among those treated with empagliflozin 25 mg was 0.8 + 1.3
g/dL and 5.0 £ 5.3 %, respectively, compared with -0.1 £ 1.2 g/dL and 0.9 *+ 4.7 % with
placebo (21). Whether these changes reflect early and sustained plasma volume reduction
(as seen in other studies of SGLT2 inhibitors) or if they represent off-target effects such as
stimulation of the erythropoietin axis, as well as the clinical relevance of such changes,
remains to be determined. A recent analysis from EMPA REG OUTCOME revealed that
change in hemoglobin/hematocrit was strongly associated with both improved HF and risk
of death.

Since hypertension is a major risk factor for both systolic and diastolic HF and also a
modifiable target, the effects of empagliflozin on blood pressure may be an important
mediator of the observed benefit in HF. In one study using 24 hour ambulatory monitors, the
empagliflozin treated arm vs placebo had a statistically significant reduction in systolic
blood pressure by 3.44 to 4.16 mmHg (10 mg and 25 mg doses respectively) at 12 weeks
and a 1.36 to 1.72 mmHg reduction in diastolic blood pressure.(28) In another study also
demonstrating blood pressure effects, patients with type 1 diabetes taking empagliflozin
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were found to have reduced arterial stiffness as measured by radial, carotid and aortic
waveforms.(22) The effects on blood pressure and arterial stiffness were hypothesized to be
due to weight loss, smooth muscle relaxation in response to a negative sodium balance, and
improved glycemic control. The blood pressure lowering effect of empagliflozin may
account for some of the cardiovascular benefits as blood pressure lowering has been
consistently shown to prevent cardiovascular events (including HF) in patients with T2DM.
(29) This potential vasodilator effect, although mild, can also have a beneficial effect in
those with HF to improve hemodynamics and may contribute to reduced hospitalizations in
those treated with empagliflozin.(30)

Beneficial effects on intracardiac filling pressures may also contribute to the observed HF
benefits seen with empagliflozin. Lowering of these pressures and prevention of recurrence
with diuretics is a key component of treatment in patients with HF. The diuretic effect of
empagliflozin, although not as robust as traditional diuretics, can be seen with the small
increase in hematocrit and urea. Although the diuretic effect may be mild, those treated with
empagliflozin had a lower incidence of edema compared with placebo.(31) Empagliflozin
use in HF could help to prevent elevated intracardiac filling pressures and clinical
decompensation as well as ameliorate symptoms of pulmonary congestion.

The mild diuretic effect of empagliflozin may also have a beneficial effect on the cardiac-
kidney axis. Hyperfiltration is an early kidney hemodynamic abnormality seen in T2DM that
increases risk for development of diabetic nephropathy. In the native state, SGLT2 reabsorbs
glucose and sodium back into the circulation and distal sodium delivery to the macular densa
is reduced. The juxtaglomerular apparatus senses this as a low volume stimulus causing an
afferent renal vasodilatory response. This tubuloglomerular feedback system results in
hyperfiltration. Empagliflozin reduces sodium reabsorption in the proximal tubule resulting
in increased sodium delivery to the juxtaglomerular apparatus and has been shown to
decrease renal hyperfiltration.(32) Empagliflozin has also been shown to decrease
albuminuria in patients with T2DM and CKD.(33) Recently, prespecified renal outcomes of
the EMPA-REG trial have been published.(34) Pooled analyses of the two empagliflozin
dose groups compared with placebo showed a 38% relative risk reduction of the prespecified
composite microvascular outcome: initiation of retinal photocoagulation, vitreous
hemorrhage, diabetes-related blindness, or incident or worsening nephropathy. This
reduction was primarily driven by the difference in the renal component, in which the group
treated with empagliflozin as compared with placebo had a reduction in incident or
worsening nephropathy, progression to macroalbuminuria, and initiation of renal
replacement therapy. The addition of empagliflozin appears to have an impact on slowing
the progression of renal disease as well as lowering risk of clinical renal events. When
further analyzing this by prespecified subgroups of those with GFR >60 mL/min/1.73 m?2
compared to those with a GFR of 30-60 mL/min/1.73 m2, both groups had similar benefits
in cardiovascular outcomes and HF outcomes with no differences in adverse events. This
renal protective effect may contribute to improved heart failure outcomes as renal
impairment has been associated with worse outcomes in heart failure.(35) Moreover,
potential benefits could also be mediated through improved interactions in those with
cardiorenal syndrome.(36)
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The weight loss seen in empagliflozin is also significant. The inhibition of SGLT2 causes an
estimated excretion of 60—100g/day of glucose which results in a loss of 240-400 kcal/day.
This result is a clinical weight loss of approximately 1.8 kg, as well as reductions in waist
circumference and indices of total and visceral adiposity.(24) Visceral adiposity has been
associated with adverse remodeling of the left ventricle and deranged hemodynamics such as
lower cardiac output and increased systemic vascular resistance.(37) The benefit of
empagliflozin on HF outcomes therefore could also be contributed to by these changes in
body composition, although it is not likely not the primary mechanism. The decrease in
body weight and effective circulating volume has the potential to cause an increased
activation of the sympathetic nervous system. Clinically this is important, as high
sympathetic nervous system activity is associated with increased mortality in patients with
HF.(38) With the use of empagliflozin, there is no evidence of an adverse effect on the
sympathetic nervous system as there are no changes in measured levels of plasma
noradrenalin and adrenalin levels or changes in evidence of increased heart rate variability.
(22)

Increased levels of uric acid have been linked to an increase risk in incident HF and adverse
outcomes in patients with HF.(39) Empagliflozin has also been found to decrease levels of
uric acid.(21) As empagliflozin increases the delivery of glucose to the distal nephron,
facilitated glucose transporter member 9 (GLUT9), a urate transporter secretes urate into the
urine in exchange for glucose.(25) Oxidative stress is another important pathologic pathway
that is increasingly recognized as a contributor in the progression of HF. An excess of
reactive oxidation species leads to adverse cardiac remodeling, impairment of myocardial
contractility and adverse interactions with the metabolism of nitric oxide which is important
in endothelial function.(40) In a 4 week trial, empagliflozin was found to reduce markers of
oxidative stress which may also contribute to the benefits in HF seen with empagliflozin.(26)

Given the early and significant beneficial effect seen on HF outcomes with empagliflozin,
the most likely mechanistic hypothesis favors the hemodynamic effects of combined diuresis
and natriuresis with concomitant blood pressure lowering culminating in an overall
vasodilator effect. This probably results in decreased preload and afterload which leads to
less congestive symptoms of heart failure and fewer subsequent hospitalizations. Beneficial
effects on the cardiorenal axis likely also play an important role in this hemodynamic
construct.

Safety and Adverse Events in Heart Failure

There do not appear to be any additional safety concerns in the ~10% of patients with
baseline HF in the EMPA-REG OUTCOMIE study. There is a higher incidence of genital
mycotic infections in the empagliflozin treated group in which the risk appears higher in
women and uncircumcised men, though these events seem to be reasonably easily treated,
uncommonly recur even in patients who continue the medication, and rarely lead to drug
discontinuation.(21) Empagliflozin also has a low incidence of hypoglycemic events due to
its insulin independent mechanism, but with a possible increased risk of ketoacidosis that
presents atypically with mildly elevated glucose levels.
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In patients with HF at baseline treated with empagliflozin in EMPA-REG OUTCOME, there
was a higher proportion of patients with adverse events leading to drug discontinuation
compared to those treated with empagliflozin without baseline HF. However, this effect was
likely driven by the condition of HF, as among all patients with HF at baseline, the
proportion of adverse events and adverse events leading to discontinuation did not differ
between treatment groups.(31) Volume depletion is a concern with empagliflozin due to the
osmotic diuresis and natriuresis effects of the drug. Combined with the blood pressure
lowering effect of empagliflozin, there is the potential to cause symptomatic hypotension.
Although there has not been a higher incidence of these events with empagliflozin treatment
compared with placebo reported, in a systematic review evaluating the class effect of SGLT2
inhibitors there was a slight increased risk for volume depletion.(41) Prescribing information
suggests there may be an increased risk of symptomatic hypotension or volume depletion in
patients with renal impairment, elderly or lower baseline systolic blood pressure so caution
is advised when initiating empagliflozin in this population.

Kidney dysfunction in the setting of HF is a common clinical scenario as up to 50% of
patients with acute or chronic HF have some degree of CKD.(36) As empagliflozin has to be
filtered to reach the proximal tubule to have a clinical effect, some degree of kidney function
must be present. When used in patients with stage 2 or 3 CKD, empagliflozin had similar
adverse event rates when compared with placebo. It is notable though that in those with
worse baseline renal function, the glucose lowering effect is attenuated with an increased
risk of worsening renal function, volume depletion and urinary tract infection.(33) For this
reason, empagliflozin remains restricted to patients with a glomerular filtration rate (GFR)
>45 mL/min/1.73 m2. The recently published EMPA-REG renal outcomes do not show a
significant difference in adverse events in those with GFR 30-60 mL/min/1.73 m? and
demonstrated that empagliflozin may have a renal protective effect.(34) Thus the restriction
may be lowered to a GFR > 30 mL/min/1.73 m? in the future. The effectiveness of
empagliflozin has not been specifically evaluated in patients with HF and CKD, but the
same recommendations to avoid use among those with CKD 4 or higher likely still applies
due to the increased risk of adverse events and likelihood of decreased glucose lowering
effect.

Diuretic therapy is a standard treatment in HF so concurrent use with empagliflozin could
potentially be a concern regarding overdiuresis. A randomized, open label cross-over study
evaluated for potential drug-drug interactions between empagliflozin and
hydrochlorothiazide or torsemide.(42) Administration of empagliflozin with torsemide or
hydrochlorothiazide did not demonstrate any change in the pharmacokinetic profile of any
drug, and no adverse or serious adverse events were reported. One limitation in this study
though is that the dose of torsemide used was 5 mg daily, which may not be generalizable to
the HF population as frequently higher doses of diuretics are used.

Recently, there has been a growing concern over an increased risk for developing diabetic
ketoacidosis related to use of SGLT2 inhibitors (including empagliflozin) in the literature
and media. A recent search of the FDA Adverse Event Reporting System (FAERS) database
identified 20 case of ketoacidosis in patients treated with SGLT2 inhibitors from March
2013 to June 2014.(43) Factors identified as having possibly triggered the episodes included
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concurrent illness, reduced oral intake, and reduced insulin dose.(44) It is not currently
known whether the risk for developing diabetic ketoacidosis related to SGLT2 inhibitors is
greater in patients with heart failure. Further research is being directed toward identifying
which patients are at greatest risk for this side effect and toward developing strategies to
minimize the risk to patients.

Another recent FDA warning was issued regarding an increased risk for bone fractures
associated with decreased bone mineral density and osteoporosis with SGLT2 inhibitor use.
(45) SGLT2 inhibitors are thought to increase serum phosphate concentrations with the
potential to adversely affect bone metabolism.(46) Although adverse effects on bone
turnover have not been reported with empagliflozin, the potential for osteoporosis associated
with use of these agents and the consequences of reduced bone strength in heart failure
patients should be carefully considered.

Conclusions and Future Directions

Empagliflozin is a paradigm shifting medication for T2DM management and the first to
show benefits in cardiovascular outcomes in the context of a dedicated CV outcomes trial in
regards to the composite outcome of cardiovascular death, nonfatal myocardial infarction
and nonfatal stroke. The robust efficacy in reduction in HF hospitalizations or cardiovascular
death is consistent across multiple subgroups of patients and among those with or without
HF at baseline. These benefits may be mediated through the effects of empagliflozin on
blood pressure, arterial stiffness, body weight, fat distribution, uric acid or oxidative stress.
The effect of diuresis and natriuresis is unique to empagliflozin and SGLT2 inhibitor class of
medications in comparison to other therapies available for the treatment of T2DM.

Further study is needed in dedicated HF populations with pre-specified HF assessments to
examine the effects of empagliflozin on left ventricular structure and function,
hemodynamics, New York Heart Association class, and to determine if differences exist
between HF with preserved or reduced ejection fraction. Incorporating measures of cardiac
function and biomarkers such as natriuretic peptides into future studies of empagliflozin will
help elucidate its effects on markers of HF severity and response to treatment. Studies
combining empagliflozin with anti-hyperglycemic therapies with known risk for HF, such as
the thiazolidinediones and saxagliptin, will clarify if empagliflozin can mitigate the adverse
HF related effects of other anti-hyperglycemic therapies. Long term data are also needed to
determine if the HF and cardiovascular benefits are sustained or if any adverse effects may
arise late in treatment. It is also unknown whether the benefits seen with empagliflozin are
unique to the drug or if there is a class effect. Trials examining the efficacy of other FDA
approved and emerging SGLT2 inhibitors in the population with diabetes and chronic heart
failure (Safety of canagliflozin in diabetic patients with chronic heart failure: randomized,
non-inferiority trial [CANDLE], UMINO00017669 (47); and Dapagliflozin Effect on
Symptoms and Biomarkers in Diabetes Patients With Heart Failure [DEFINE-HF],
NCT02653482) are currently ongoing. Finally, in the wake of demonstration of CVD benefit
across these trials, debate is ongoing as to whether clinicians should prescribe these
medications for the primary purpose of HF prevention, rather than focusing on glycemic
control per se.
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Figure 1.
Potential Mechanisms for Benefit in Heart Failure Outcomes With Empagliflozin
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