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a b s t r a c t

Patients with type 2 diabetes mellitus (T2DM) exhibit an increased risk for cardiovascular (CV) events.
Hyperglycemia itself contributes to the pathogenesis of atherosclerosis and heart failure (HF) in these
patients, but glucose-lowering strategies studied to date have had little or no impact on reducing CV risk,
especially in patients with a long duration of T2DM and prevalent CV disease (CVD). Sodium-glucose
cotransporter-2 (SGLT2) inhibitors are the new class of glucose-lowering medications that increase
urinary glucose excretion, thus improving glycemic control, independent of insulin. The recently pub-
lished CV outcome trial, Empagliflozin Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus
PatientsdRemoving Excess Glucose (EMPA-REG OUTCOME), demonstrated that the SGLT2 inhibitor
empagliflozin significantly reduced the combined CV end point of CV death, nonfatal myocardial
infarction, and nonfatal stroke vs. placebo in a population of patients with T2DM and prevalent
atherosclerotic CVD. In addition, and quite unexpectedly, empagliflozin significantly and robustly
reduced the individual end points of CV death, overall mortality, and hospitalization for HF in this high-
risk population. Several beneficial factors beyond glucose control, such as weight loss, lowering blood
pressure, sodium depletion, renal hemodynamic effects, effects on myocardial energetics, and/or
neurohormonal effects, have been seen with SGLT2 inhibition.
© 2018 Published by Elsevier B.V. on behalf of Cardiological Society of India. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Type 2 diabetes mellitus (T2DM) is associated with a substan-
tially increased cardiovascular (CV) risk,1,2 and several international
guideline statements addressing the management of T2DM3,4 un-
derscore the need to prevent and reduce CV complications.
Although it is true that glycemic control plays an important role in
this process, as suggested by epidemiological studies, there remains
great controversy concerning the impact of glucose lowering on CV
outcomes from intensive glycemic control trials.5 Thus, and in the
light of the multiple CV risk factors beyond hyperglycemia that
exist in most patients with T2DM, a multipronged approach to
address CV risk is of immense importance. This includes, in addi-
tion to glucose lowering, the control of blood pressure (BP) and
lipids, weight management, smoking cessation, and, when indi-
cated, antiplatelet therapy.3,4 Despite these recommendations, it is
difficult for most patients in clinical practice to reach their thera-
peutic goals. In light of the multifaceted pathogenesis of CV disease
ehalf of Cardiological Society of
(CVD) in diabetes, it is imperative to have a specific intervention
that could attenuate atherosclerosis risk in a multidimensional
fashion and beyond glycemic control.

The CV safety of antidiabetic medications has become an acute
area of concern. Rosiglitazone, sulfonylureas, and insulin are three
traditional antidiabetic medications that have been associated with
increased risk of CV events in patients with T2DM.6 In 2008, the U.S.
Food and Drug Administration mandated all new antidiabetic
medications to provide evidence that they do not increase the risk
of CVDs.7,8

However, to date, the potential effects of specific glucose-
lowering agents i.e., sulfonylureas, glinides, metformin, thiazolidi-
nediones, and insulin, on CV events in patients with T2DM remain
uncertain.9 A neutral effect for the composite CV death, myocardial
infarction (MI), or stroke have been observed from the first two
placebo-controlled trials involving the dipeptidyl peptidase 4 in-
hibitors saxagliptin [i.e. Saxagliptin Assessment of Vascular Out-
comes Recorded in Patients with Diabetes Mellitus (SAVOR)d
Thrombolysis in Myocardial Infarction (TIMI) 53 (SAVOR-TIMI
53)]10 and alogliptin [i.e. Examination of Cardiovascular Outcomes
with Alogliptin versus Standard of Care (EXAMINE)].11 This class of
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Fig. 1. Glucose-lowering mechanism of SGLT2 inhibitors. Source: Fioretto et al. Car-
diovasc Diabetol (2015) 14:142.
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drugs has been associated with beneficial effects on several factors
and biological processes linked to atherogenesis in fewmechanistic
and preclinical studies.12 It should be noted that both SAVOR-TIMI
53 and EXAMINE were relatively short in duration (median
follow-up 2.2 and 1.5 years, respectively) and included patients
predominantly, or exclusively, with overt CVD. A sufficient duration
of treatment might be important because macrovascular (and
microvascular) disease may be a relatively late complication of a
complex and progressive pathogenic process that spans years.13

Subsequently, the Trial Evaluating Cardiovascular Outcomes with
Sitagliptin (TECOS) with sitagliptin showed no CVD risks or heart
failure (HF) hospitalization14 in high-risk diabetic patients.
Regarding glucagon-like peptide-1 receptor analogs, the Liraglutide
Effect and Action in Diabetes: Evaluation of Cardiovascular
Outcome Results (LEADER) trial15 showed reduction in the rate of
the first occurrence of death from CV causes, nonfatal MI, or
nonfatal stroke among patients with T2DM with liraglutide than
with placebo. In addition, in T2DM patients with established CV
complications, who are often targeted by these studies, it may be
more difficult to further reduce the residual CV risk beyond that
which standard of care can offer.16 Recent trials with sodium-
glucose cotransporter-2 (SGLT2) inhibitors in T2DM showed
promise related to not only CV safety but also CV risk reduction.

2. Role of the kidney in glucose metabolism

Through its contribution to gluconeogenesis and its capacity to
reabsorb glucose from the urine, the kidney plays an important role
in glucose homeostasis. In individuals without DM, approximately
160e180 g of glucose is filtered by the kidneys per day,17 and
virtually all this filtered glucose is reabsorbed in the proximal tu-
bule. As long as the filtered glucose does not exceed the maximum
renal glucose reabsorption capacity, filtered glucose is reabsorbed,
thus allowing energy conservation.18 About 90% of glucose filtered
in the glomeruli is reabsorbed in the first segment of the proximal
tubule by SGLT2 receptors, which is a low-affinity, high-capacity
transporter.19 The remaining 10% is reabsorbed in the more distal
part of the tubule by SGLT1 receptor, a high-affinity, low-capacity
transporter.20,21 Sodium-glucose cotransporter proteins are pro-
teins localized in the apical membrane which are capable of
actively transporting glucose along with sodium against a con-
centration gradient into the cell. This process is driven by the active
transport of sodium out of the cell by the adenosine triphospha-
teedependent sodium-potassium pump. Once in the intracellular
space, glucose then passively diffuses from the basolateral mem-
brane of the tubule cell into the blood via glucose transporter 2
(GLUT2), a member of the GLUT family of proteins.22 If the blood
glucose load exceeds the renal tubular glucose excretion threshold
of 180 mg/dL, glucosuria occurs. In patients with DM and chronic
hyperglycemia, the threshold paradoxically increases to 220 mg/dL
because of an enhanced maximum renal glucose reabsorption ca-
pacity mediated by upregulation of SGLT2 in the proximal tubule.
This maladaptive mechanism seems to be explained by increased
SGLT2 transcription and translation resulting in increased SGLT2
density on the apical membrane in the proximal tubule.19,21

2.1. SGLT2 inhibitors: mode of action and glucose-lowering
properties

SGLT2 inhibitors are a novel class of glucose-lowering drugs
that act in the kidney by inhibiting SGLT2-mediated glucose
reabsorption in the proximal tubule. The resulting increase in
urinary glucose excretion leads to a reduction in plasma glucose
levels (Fig. 1).22,23 The concept of SGLT2 inhibition is different
from other glucose-lowering strategies because glucose is
removed from the ‘system’, thus reducing total body and cellular
glucose toxicity, a mechanism that is completely independent of
insulin. Overall, 24-h urinary glucose excretion in patients treated
with SGLT2 inhibitors lies between 60 and 100 g/day, corre-
sponding to a loss of 240e400 kcal/day on chronic administra-
tion.24,25 In addition to their glucosuric effects, SGLT2 inhibitors
lead to an increase in sodium excretion26 and a reduction in
plasma volume due to glucose osmotic diuretic effects and natri-
uresis.27 Currently, three SGLT2 inhibitors are approved in Europe
and the USA: dapagliflozin, canagliflozin, and empagliflozin.28

Recently, ertugliflozin has also been approved in the USA. Meta-
analyses for these SGLT2 inhibitors suggest that they lower gly-
cosylated hemoglobin (HbA1c) levels between 0.7 and 0.8% rela-
tive to placebo.29 SGLT2 inhibitor effects are glucose dependent,
thus leading to a very low risk of hypoglycemia. In addition,
SGLT2 inhibitors can be combined with any other anti-
hyperglycemic medication because the mechanism of action is
different from all other agents presently available and is
completely independent of insulin.30 Interestingly, various studies
suggest that SGLT2 inhibitors may improve insulin sensitivity
potentially through an increase in insulin-mediated glucose tissue
disposal31,32 and overtime, because of the net caloric loss and
enhanced insulin sensitivity mediated by weight loss. Recent data
have shown that SGLT2 inhibitors increase glucagon secretion
from alpha-cells in the pancreatic islet, a mechanism that may
contribute to enhanced endogenous glucose production in treated
patients.33 In addition to these effects on glucose homeostasis,
SGLT2 inhibitors exhibit potential beneficial effects on CV risk
factors.34,35
3. Effects of SGLT2 inhibitors beyond glucose control

There are pleiotropic effects of SGLT2 inhibitors beyond its
glucose control effect through different mechanisms (Table 1).
3.1. Anthropometrics

The glucosuric effect of SGLT2 inhibitors causing a negative
energy balance results in an average weight reduction of 2e3 kg
which occurs gradually over the first few months on treatment, a
consistent observation across the class of medications in studies
over 1e2 years.36 Interestingly, the weight loss appears to reach a
nadir and thereafter stabilizes after 3e6 months, most likely
through a compensatory increased energy intake.37 These medi-
cations seem to have no effect on energy expenditure.38e40



Table 1
Pleiotropic effects of SGLT2 inhibitors.

� Reduced insulin resistance
� Reduce glucose
� Reduce SBP
� Reduce weight
� Reduce albuminuria
� Reduce uric acid
� Reduce plasma volume
� Reduce SNS activity
� Reduce arterial stiffness
� Reduce inflammation
� Reduce oxidative stress

SGLT2, sodium-glucose cotransporter-2; SBP, systolic blood pressure; SNS, sympa-
thetic nervous system.
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3.2. BP and diuresis

A reduction in BP in patients treated with SGLT2 inhibitors is
another effect beyond glucose control consistently observed across
the class of medications. Several trials have shown that SGLT2 in-
hibitors lead to a reduction in systolic BP in a range of 3e5mmHg in
systolic and 2e3mmHg in diastolic BP. In addition, SGLT2 inhibitors
reduce pulse pressure, mean arterial pressure, and arterial stiff-
ness.41 Interestingly, these BP effects occurred without a compen-
satory increase in the heart rate, suggesting a lack of compensatory
sympathetic activation. In addition, clamp studies in patients with
uncomplicated type 1 diabetes suggest that empagliflozin reduces
carotid-radial pulse wave velocity also without inducing a reflex
sympathomimetic activity.42

3.3. Renal hemodynamic effects

SGLT2 inhibitors have also been suggested to directly affect the
tubuloglomerular feedback mechanism in the kidney. The
increased delivery of solute (sodium and chloride) to the macula
densa in the setting of SGLT2 inhibitionmay reduce hyperglycemia-
induced glomerular hyperfiltration via tubuloglomerular feedback
invoking adenosine-dependent pathways, with direct effects on
afferent glomerular arteriolar tone that may diminish hyper-
filtration acutely and consistently during treatment.43

3.4. Effects on mediators and markers of CV risk

With respect to lipids, SGLT2 inhibitors mildly increase both
low-density lipoprotein-cholesterol (LDL-C) and high-density
lipoprotein-cholesterol (HDL-C) through an as of yet unexplained
mechanism.44,45 These observations may reflect direct effects on
lipoprotein particle metabolism but could also simply reflect
hemoconcentration resulting from the diuretic effects of SGLT2
inhibition, thereby having no net effect on circulating lipid particle
numbers.

3.5. Cardiac effects

Experimental data in obese and diabetic mice demonstrated
that the SGLT2 inhibitor empagliflozin significantly ameliorates
cardiac fibrosis, coronary arterial thickening, and cardiac macro-
phage infiltration, suggesting a direct cardiac effect along with an
attenuation of oxidative stress on the myocardium.46 Other po-
tential direct or indirect cardiac effects might include alterations of
myocardial energetics and potential antiarrhythmic effects. From a
myocardial energetics perspective, SGLT1 but not SGLT2 is
expressed in cardiac myocytes.47 In the kidney, SGLT2 inhibition
results in increased SGLT1-mediated glucose reabsorption,48 and if
this is a humoral-mediated response, the possibility remains for
upregulation of cardiac SGLT1. This could directly affect myocardial
substrate metabolism and energetics with enhanced glucose and
decreased fatty acid (FA) metabolism that could favorably affect
myocardial function. In addition, shifting from beta-oxidation of
free FA to glycolysis in the myocardium might reduce the potential
proarrhythmia effects of free FA metabolites.49

3.6. Reduction in the levels of uric acid

Increased uric acid levels have, however, also been associated
with chronic kidney disease,50 CV complications,51 and congestive
HF,52 although a cause-and-effect relationship of uric acid and CV
outcomes has yet to be proved.53 Reduction in the levels of uric acid
has consistently been seen with SGLT2 inhibitors,20,54,55 presum-
ably mediated by the actions of solute carrier family 2, facilitated
glucose transporter member 9, also called GLUT9, a urate trans-
porter that secretes urate back into the urine in exchange for
glucose.

3.7. Effect on lipid parameters

SGLT2 inhibitors are associated with a small increase in HDL-C
and an increase in LDL-C with concomitant reductions in triglyc-
eride levels.45,56,57 Whether these small lipid changes are clinically
relevant and whether they could potentially offset any potential CV
benefit with SGLT2 inhibitors will need further clarification.

3.8. Effects on other CV risk pathways

In animal and mechanistic models, SGLT2 inhibitors have been
shown to reduce leukocytosis induced by hyperglycemia58 and to
reduce inflammation and oxidative stress,59e61 which are processes
involved in the pathophysiology of atherosclerosis. Because inhi-
bition of SGLT2 leads to glucosuria with an accompanying diuresis
and weight and BP reductions, all of which are theoretically
beneficial in patients with HF, it is also conceivable that impaired
ventricular function and remodeling could be improved with such
an intervention. Although clinical data are yet to be reported, an
animal study suggested that SGLT2 inhibition could attenuate the
increase in the left ventricle mass and left ventricle end-diastolic
diameter in a rat model of progressive HF.62

4. Clinical landmark trials of SGLT2 inhibitors and CV risk

4.1. Meta-analysis of 21 trials with dapagliflozin

It has been performed in T2DM patients with CV risk. Analysis
was based on time to first event comparing dapagliflozin versus
control. Results showed that dapagliflozin is not associated with
increased CV risk; more over, there was a potential benefit in the
overall population for major adverse cardiac event (MACE) and in
those with a history of CVD. These findings were consistent in pa-
tients with varying degrees of CV risk, including age, number, and
type of CVD events in medical history and the number of CV risk
factors present (Fig. 2).63

5. EMPA-REG OUTCOME trial with empagliflozin

The Empagliflozin Cardiovascular Outcome Event Trial in Type 2
Diabetes Mellitus PatientsdRemoving Excess Glucose (EMPA-REG
OUTCOME) study64 is the first study to provide evidence that an
antidiabetic agent decreases CV events. In 7020 T2DM patients
with established CVD, empagliflozin significantly reduced the pri-
mary MACE outcome (CV death, nonfatal MI, nonfatal stroke). The
outcome was surprising; CV death decreased significantly by 38%
(p ¼ 0.001) unlike other interventions that reduce CV risk, e.g.,



Fig. 2. Meta-analysis of 21 trials with dapagliflozin. CVD, cardiovascular disease; MACE, major adverse cardiac event; UA, unstable angina. Source: Sonesson et al. Cardiovasc
Diabetol (2016) 15:37.
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lowering LDL-C65 and BP.66 The separation of the KaplaneMeier
curves for CV mortality and hospitalization for HF was observed
within the first 3 months of the trial. This indicates that the
mechanisms of empagliflozin therapy had an early and profound
effect on the risk of death or HF. The study population included
patients older than 18 yrs with T2DM, body mass index (BMI)
�45 kg/m2, effective glomerular filtration rate (eGFR)�30 mL/min/
1.73 m2, prior CVD (defined by � 1 of the following: MI > 2 months
prior, multivessel coronary artery disease, single-vessel coronary
artery disease with positive stress test or unstable angina hospi-
talization in prior year, stroke >2 months prior and occlusive pe-
ripheral artery disease) (Fig. 3).64
5.1. Potential mechanisms explaining the results in EMPA-REG
OUTCOME

The surprising and unexpected results of EMPA-REG OUTCOME
on mortality and HF cannot be explained by glucose control per se
nor by a reduction of atherosclerotic events because the effect of
empagliflozin on nonfatal MI and hospitalization for unstable angina
was not statistically significant. More likely, the favorable outcomes
are related to the effects of empagliflozin on HF and CV mortality,
direct or indirect, that are independent of effects on hyperglycemia
or on atherosclerotic CVD. In the trial, 10% of the patients enrolled
had a history of HF, but no data on the left ventricular function or
surrogate parameters such as N terminal prohormone brain natri-
uretic peptide (NT-proBNP) were collected. Empagliflozin led to a
highly significant reduction in hospitalization for HF with an effect
that became evident very early in the trial in the overall study
population. Subgroup analyses stratified by presence or absence of
HF at baseline suggest a consistent benefit observed in patients with
andwithout baselineHFwith no evident heterogeneity of efficacy by
the HF status.67 Various factors may contribute to the observed
reduction in CV death and HF hospitalization. As with the athero-
sclerotic event end points discussed previously, blood glucose
reduction itself is very unlikely to account for the results observed,
given the minor difference in HbA1c levels between groups and the
fact that previous studies showed that intensified glucose control
does not influence the incidence of these events in similar pop-
ulations. The significant reductions in BP and body weight seen in
EMPA-REG OUTCOME have been proposed as potential contributors
to the beneficial results. However, BP lowering only translates into
CV risk reduction after 6e12 months or even longer, making the
early beneficial effects seen unlikely to be attributable to BP reduc-
tion per se. Still, the decrease in markers of arterial stiffness found in
SGLT2 inhibitoretreated patients, all closely linked to BP reduction,
may have a direct, potentially beneficial effect onmyocardial oxygen
consumption via afterload reduction. Weight loss seems to play a
minor role in this context, given the data from the Look Action for
Health in Diabetes study, showing that intensive lifestyle interven-
tion, focused onweight loss, did not improve CV risk in patients with
T2DM.68

The diuretic effect of empagliflozin has been discussed as a
potential contributor to the observed reduction of hospitalization
for HF through an at least temporary reduction in plasma volume as
shown for SGLT2 inhibitors.27
5.1.1. Nondiuretic hypothesis
Similar or greater decreases in intravascular volume and net

sodium balance are affected by most commonly used diuretic
medications but in contrast to empagliflozin, treatment with loop
diuretics or thiazides has not been demonstrated to reduce CV
death in previous studies, and their effects on hospitalization for HF
risk, when demonstrated, have been much more modest in
magnitude compared with the large reduction observed with
empagliflozin, probably some nondiuretic mechanisms are
responsible for its CV effects. SGLT2 inhibitors are different from the
loop and thiazide diuretics in several important ways. First, they do
not lead to a reflex activation of the sympathetic nervous system. In
addition, thiazides work in the distal tubule, while SGLT2 inhibitors
act proximal of the macula densa, thus leading to an increased
urinary sodium and chloride delivery to the juxtaglomerular
apparatus. This has been suggested to restore the tubuloglomerular
feedback mechanism in diabetes with afferent arteriolar vasocon-
striction and subsequent reduction of hyperfiltration and normal-
ization of transglomerular perfusion pressures. Similarly, the



Fig. 3. Key outcomes in EMPA-REG and CANVAS trials. MI, myocardial infarction; EMPA-REG, Empagliflozin Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus
PatientsdRemoving Excess Glucose; CANVAS, Canagliflozin Cardiovascular Assessment Study; CV, cardiovascular; MACE, major adverse cardiac event. Source: Ahmed R et al. BLDE
Univ J Health Sci 2017; 2:75e79.
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increased sodium and chloride delivery to the macula densa on
SGLT2 inhibitor treatment may affect other neurohormonal factors
such as local renin angiotensin aldosterone system (RAAS) inhib-
ition,69e71 which may have contributed to preglomerular vaso-
constriction in diabetes. The depletion of sodium and potential
reduction in body sodium content by SGLT2 inhibition may play a
crucial role in HF in patients with diabetes. It has been hypothe-
sized that patients with diabetes exhibit an excess of total body
sodium, mainly because of increased sodium retention in the kid-
ney as a consequence of hyperglycemia and hyperinsulinemia.72e74

Sodium-loading studies in animals and humans suggest that excess
sodium is not only distributed in the extracellular space but
possibly also intracellularly and in osmotically inactive compart-
ments, e.g. matrix components of skin and muscle. Increased
intracellular sodium in the myocardium may increase the risk of
arrhythmias and impair myocardial function,75,76 most likely
through an impairment of mitochondrial function. Interestingly,
experimental data in an animal model of HF showed an increase in
myocardial intracellular sodium and in this model, blockade of the
mitochondrial Naþ/Ca2þ exchange prolonged the survival of these
animals and significantly decreased arrhythmias.77 SGLT2 inhibi-
tion leads to an early and transient increase in urinary sodium
excretion that normalizes after 2 weeks.78 Other mechanisms that
may explain the profound effects of empagliflozin on CV events
include antioxidative, anti-inflammatory, or antiapoptotic proper-
ties of SGLT2 inhibitors as shown in experimental models, as well as
counterbalancing effects of these drugs on cellular senescence.59,79

There is also a major role of myocardial energy kinetics and use of
ketone bodies as efficient energy sources as one of the major
mechanisms postulated.80

Increase in glucagon secretion induced by SGLT2 inhibi-
tion33,81,82 may be interesting in light of the EMPA-REG OUTCOME
results. Glucagon exhibits inotropic effects with an increased
myocardial contractility and cardiac output by generating cyclic
adenosin mono phosphate (cAMP). In addition, glucagon has been
shown to exhibit antiarrhythmic effects. Clinically, glucagon has
previously been used as an adjunctive therapy in shock situations
and HF but given that catecholamines are much more effective in
these conditions, glucagon is no longer used for this indication. Still,
a continuous increase in glucagon levels in SGLT2 inhibitoretreated
patients could contribute to a cardioprotective effect.

Based on the effect of empagliflozin in HF in EMPA-REG
OUTCOME it has been included in ESC 2016 Guidelines for Diag-
nosis and Treatment of Acute and Chronic Heart Failure as class 2A,
level b recommendation.
5.2. CANVAS trial with canagliflozin

Canagliflozin Cardiovascular Assessment Study (CANVAS) trial
was performed with canagliflozin, another SGLT2 inhibitor;83 the
mean age of the participantswas 63.3 years; 35.8%werewomen; the
mean duration of diabeteswas 13.5 years; and 65.6% had a history of
CVD. As compared with placebo, the rate of primary outcome was
lower with canagliflozin (occurring in 26.9 vs. 31.5 participants per
1000 patient-years). Canagliflozin reduces the MACE by 14%, all-
cause andCVdeaths by13%, andHFby33%, cuts renal decline by40%
but doubles the risk of lower limb amputations (Fig. 3).

In a recent meta-analysis of 35 eligible studies (nine with can-
agliflozin, eight with empagliflozin, 18 with dapagliflozin), con-
sisting of 34,987 patients with T2DM, pooled results show that
SGLT2 inhibitors, when compared with placebo, significantly
reduce all-cause mortality, MACE, nonfatal MI, and HF/hospitali-
zation for HF. No significant difference was noted in the occurrence
of stroke, atrial fibrillation, or unstable angina. In addition, there
was no heterogeneity among different drugs in the SGLT2 inhibitor
class for all the clinical outcomes studied.84

5.3. Ongoing trialdDECLARE-TIMI 5885

The Dapagliflozin Effect on Cardiovascular Events-TIMI 58
(DECLARE-TIMI 58) is designed to test that in patients with T2DM,
long-term treatment with dapagliflozin will reduce one or both of
the coprimary end points: (1) the incidence CV death, MI, or
ischemic stroke or (2) the incidence of CV death or hospitalization
for HF. It has randomized approximately 17,150 patients with T2DM
having secondary prevention cohort or primary prevention cohort.
Mean age of the participants was 63.8 ± 6.8 years, 62.6% were male,
and their mean diabetes duration was 11.8 ± 7.8 years; HbA1c,
8.3% ± 1.2%; and BMI, 32.1 ± 6.0 kg/m2. About 40.6% patients had
atherosclerotic CVD and 59.4% patients had multiple risk factors
(MRFs) for CVD (defined as men age � 55 years or women �60
years, with at least one of dyslipidemia, hypertension, or smoking).
Patients with CVD compared with patients with MRFs were more
on insulin and less on metformin and more frequently used statins,
aspirin, clopidogrel, and b-blockers. DECLARE-TIMI 58 will be fol-
lowed up for a median of 4.5 years.

5.4. Primary prevention of CVD with SGLT2 inhibitors in diabetes

A new analysis of the observational study Comparative Effec-
tiveness of Cardiovascular Outcomes in New Users of Sodium-
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Glucose Cotransporter-2 Inhibitors (CVD-REAL)86 assessed data
frommore than 300,000 patients across six countries, 87% of whom
did not have a history of CVD. The results showed that treatment
with SGLT2 inhibitors comparedwith other glucose-lowering drugs
reduced the rate of hospitalization for HF by 39% and death from
any cause by 51% across this broad population with T2DM. The
findings thus hint at a possible benefit of this drug class in the
primary prevention of CVD in those with T2DM.

5.4.1. CVD-REAL 2
CVD-REAL 2 is the large international study of >40,000 patients

with T2DM from Asia Pacific, the Middle East, and North America
and showed that initiation of SGLT2 inhibitors comparedwith other
glucose-lowering drugs was associated with a lower risk of a broad
range of CV outcomes (all-cause death, MI, HF hospitalization, and
stroke) across the wide range of patients such as all ethnicity,
geographic regions and to all races.87

6. Conclusion

Given the increasing prevalence of T2DM across the populations
worldwide and suboptimal control of glycemia and other CV risk
factors achieved with currently available agents, the need for
therapies with novel modes of action remains an important clinical
priority. Of the large number of antihyperglycemic drug classes
now available for patients with T2DM, none is recognized un-
equivocally to reduce CV events over and above any modest effects
of glucose lowering itself. Metformin is considered to be CV safe
and reduce CV events but has actually never been studied in a large
properly designed randomized clinical trial powered to answer this
specific question.

SGLT2 inhibitors are novel oral glucose-lowering agents that
offer the potential to improve glycemic control with a low risk of
hypoglycemia, independent of insulin secretion, offering a modest
reduction in BP and body weight. Their mode of action, which is
independent of endogenous insulin secretion, enables their use in
any stage of T2DM. Pleiotropic effects of SGLT2 inhibitors showed
the potential for its CV benefits. Results of EMPA-REG OUTCOME
with empagliflozin and CANVAS trial with canagliflozin are
encouraging. Data from CVD-REAL and CVD-REAL 2 clearly showed
CV benefits of all available SGLT2 inhibitors in broad diabetic
population, in all ethnic groups, and even in those without any
prior CV events.
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