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ABSTRACT
Type 2 diabetes mellitus is a metabolic disorder that occurs
due to an interplay of multiple perplexing pathophysiological
mechanisms and leads to hyperglycemia. However, till date
there has been no single unique molecule that can by itself
effectively address all the metabolic abnormalities occurring
in type 2 diabetes. Furthermore, type 2 diabetes must be
managed with agents that can combat hyperglycemia without
causing hypoglycemia and adverse cardiovascular outcomes.
Thus, the need of the hour is for a unique molecule that can
deliver beyond glycemic control and can in addition address the
cardiovascular risk factors that arise in type 2 diabetes. Sodium
glucose cotransporter-2 (SGLT-2) inhibitors are the latest of
the oral hypoglycemic agents that act by insulin-independent
mechanisms and tackle several cardiovascular risk factors
that occur in type 2 diabetes. The scope of this article will be
to focus primarily on the cardiovascular benefits of SGLT-2
inhibitors and its actions beyond glycemic control in providing
a comprehensive care in the management of type 2 diabetes.
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blood pressure, and act complementary to the current
treatment modalities.

Sodium Glucose Cotransporter-2 Receptors in
Type 2 Diabetes
It is well known that uncontrolled type 2 diabetes leads to
glycosuria owing to the saturation of the SGLT-2 receptors
involved in glucose reabsorption. Nevertheless, despite
the severe hyperglycemia, SGLT-2 receptors surprisingly
continue to reabsorb glucose through an insulinindependent mechanism.1 Curiously, despite the high
blood glucose levels, uncontrolled diabetes causes the upregulation of SGLT-2 leading to augmented renal tubular
glucose reabsorption (Fig. 1). Thus, the threshold for glucose
saturation is altered with diabetes and increased glucose
reabsorption occurs owing to the overexpression of the
SGLT-2 molecules.2 Thus, SGLT-2 inhibitors cause glucose
lowering effect in an insulin-independent mechanism
by arresting the increased reabsorption of glucose across
the renal tubules (Figs 2 and 3). The drugs that are
currently available for use in India include canagliflozin,
dapagliflozin, and empagliflozin.
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INTRODUCTION
Sodium glucose transporter-2 (SGLT-2) inhibitors are
the latest of the oral hypoglycemic agents introduced
in the management of type 2 diabetes. Unlike most
of the oral hypoglycemic agents, this novel group of
agents seems to be promising and encouraging due
to its insulin-independent action causing negligible
and imperceptible risk of hypoglycemia. Besides its
antihyperglycemic action, the SGLT-2 inhibitors have
been consistently proven to promote weight loss, reduce
1

Fig. 1: Complementary role of hyperglycemia and SGLT-2 inhibitors.
(Hyperglycemia induces the overexpression of SGLT-2 receptors
which by enhanced glucose reabsorption leads to exacerbation of
the prevailing hyperglycemia.)
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Fig. 2: Normal location and function of
SGLT-2 receptor
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current pharmacological therapies will be addressed
effectively.

Sodium Glucose Cotransporter-2
INHIBITORS: BENEFITS BEYOND
GLYCEMIC CONTROL

Fig. 3: Mechanism of action of SGLT-2 inhibitors

The Unique Mode of Action of SGLT-2 Inhibitors
Till date, the oral hypoglycemic agents used in type 2
diabetes have focused primarily on insulin-dependent
mechanisms to counteract hyperglycemia, such as
increasing the secretion of endogenous insulin. However,
the efficacy of the agents acting through insulin signaling
and dependant pathways will be compromised over
time due to the deterioration of beta cell function that
ensues with the progression of diabetes.3 Thus there is a
need for a drug that will address the multiple challenges
involved in achieving sustained glycemic control by
insulin-independent mechanisms.
Familial renal glycosuria, a condition without any
sinister clinical consequences occurs due to the genetic
mutation in the SGLT-2 receptor that can lead to significant glycosuria (up to 134 g/day reported) but has normal
renal tubular structure and function. Thus, learning from
familial glycosuria, SGLT-2 inhibitors appear to be safe
molecules and by their unique insulin-independent mode
of action are promising in combating hyperglycemia in
a dependable and sustained manner.

THE NEED FOR SGLT-2 INHIBITORS: AN INDIAN
PERSPECTIVE
The phenotype of Indians with type 2 diabetes varies
significantly from their western counterparts in being
more insulin-resistant due to increased abdominal
obesity, having unfavorable lipid profiles with increase
in atherogenic small dense LDL cholesterol, increase in
C-reactive protein (CRP) levels, and low adiponectin,
making them susceptible to cardiovascular events4,5
(“The thin fat Indian”). To make matters worse, the
onset of diabetes is a decade earlier among Indians and
generally associated with a poor and inadequate beta
cell reserve due to a delay in diagnosis.6,7 The prevailing therapies in the management of type 2 diabetes
have several limitations and flaws like weight gain,
risk of hypoglycemia, gastrointestinal side effects, and
the inability to maintain effective and persistent longterm glycemic control. However, with the advent of this
novel class of SGLT-2 inhibitors, the shortcomings in the
Hypertension Journal, April-June 2016;2(2):74-79

Apart from its antihyperglycemic effect, SGLT-2 inhibitors have been consistently shown to induce weight loss,
reduce blood pressure, and act complementary to the
prevailing treatment modalities.8-10 In addition, SGLT-2
inhibitors can potentially target the numerous risk factors
for atherosclerosis in type 2 diabetes, such as visceral
adiposity, hyperinsulinemia, arterial stiffness, albuminuria, uric acid, and oxidative stress. The reduction in
body weight with SGLT-2 inhibitors was attributed to the
loss of about 200 to 300 calories per day through glucose
excretion in urine. In an intriguing study, the addition
of dapagliflozin in patients uncontrolled on metformin
monotherapy resulted in increased oxidation of fatty
acids compared to placebo, supporting the mechanism of
fat breakdown and catabolism as a fundamental cause of
weight loss. The reduction in body weight achieved was
largely due to the reduction in the total body fat mass
in the visceral and subcutaneous adipose tissue. This
hypothesis was supported with the use of dual-energy
X-ray absorptiometry (DEXA), which revealed a significantly greater reduction in adipose stores among patients
receiving dapagliflozin in comparison with patients who
received placebo.11
In a study conducted with the use of canagliflozin at
doses of 100 and 300 mg resulted in a significant decrease
in the blood pressure and a reduction in the body weight.
In the overall population, least-square (LS) mean percent
reductions in body weight with canagliflozin 100 and
300 mg were –2.9 and –3.6% respectively. In the Indian
subgroup of patients, mean percent decrease in body
weight with canagliflozin 100 and 300 mg were –2.5 and
–3.2% respectively. The LS mean reduction in systolic
blood pressure (SBP) with canagliflozin 100 and 300 mg
were –3.4 and –4.1 mm Hg respectively. In the Indian
subgroup, canagliflozin 100 and 300 mg were associated
with –3.4 and –4.4 mm Hg decrease in the BP. In the overall
population, canagliflozin 100 and 300 mg were associated
with a diastolic BP reduction of –1.9 and –1.9 mm Hg
respectively, and a reduction of –0.5 and –0.7 mm Hg
in the diastolic BP in the Indian subgroup. The study
demonstrated that despite the relatively lower baseline
body weight and BMI of the patients in the Indian subgroup
in comparison to the overall population, canagliflozin
was associated with convincing reductions in the body
weight.12 Comparable outcomes of weight loss ranging
from –2.7 to –3.2 kg at 24 weeks of therapy were obtained
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with 10 mg dapagliflozin.13 In patients with inadequate
glycemic control with potentially weight-gaining
oral hypoglycemic agents, addition of dapagliflozin
resulted in a significantly greater loss of weight in
comparison to glimepiride (dapagliflozin, –2.26 kg
vs placebo, –0.72 kg) and also blunted the increase in
weight associated with the use of pioglitazone up to
week 48 (dapagliflozin, + 0.69 kg vs placebo, + 2.99 kg).14,15
Dapagliflozin when introduced as an add-on to insulin
therapy maintained weight near baseline, and escalating
doses of insulin resulted in a steady weight gain in the
placebo group (dapagliflozin, –1.5 kg vs placebo, + 0.9 kg).16
Owing to SGLT-2 inhibitor’s insulin-independent
mechanism for glycemic control, reductions in body
weight and BP will be the ideal pharmacological agent to
initiate treatment in the Asian population who typically
are severely insulin-resistant and having a poor beta-cell
reserve.17 The weight loss achieved with SGLT-2 inhibitors
would enhance the insulin sensitivity and arrest the
progression of beta cell failure that ensues over time
with diabetes.18 This revival in the beta-cell function and
enhanced insulin sensitivity has been shown to last even
on sustained therapy with SGLT-2 inhibitors.19

increase in the heart rate. The antihypertensive action is
multifactorial and involves diuretic-like action, loss of
sodium, decrease in weight, and reduction in the arterial tone.22

PROPOSED NON-GLYCEMIC ACTIONS
OF SGLT-2 INHIBITORS IN CURTAILING
CARDIOVASCULAR RISK FACTORS

Reduction in Levels of Uric Acid

Apart from hyperglycemia, the pathogenesis of cardiovascular complications in diabetes is multifactorial and
thus mandates a comprehensive approach in the management. Hence, it would be phenomenal if an oral hypoglycemic agent could provide benefits over and above
glycemic control alone. Among the oral hypoglycemic
agents currently available, SGLT-2 inhibitors appear to
be the prime molecule that can provide additional cardiovascular benefits. The proposed mechanisms of extra
glycemic effects and cardiovascular risk factor modulation with SGLT-2 inhibitors are elaborated below.

Reduced Risk of Hypoglycemia

Improvement in Endothelial Function or the
Vascular Architecture
Sodium glucose cotransporter-2 inhibitors alter the
structural proteins present in the connective tissue of the
vessel wall like collagen, elastin, and abnormal glycation
of proteins, which occur due to hyperglycemia and
improve endothelial dysfunction.23

Reduction in Visceral Adiposity
This action is unique to SGLT-2 inhibitors in comparison
to other oral hypoglycemic agents and may translate in
reducing the cardiovascular outcomes.24

Effects on Proteinuria and Kidney Function
Sodium glucose cotransporter-2 inhibitors reduce urinary
albumin excretion and the intra-glomerular hypertension
by altering the tubuloglomerular feedback due to
increased distal sodium delivery.25

In addition, the glycosuria that ensues with the use of
SGLT-2 inhibitors will alter the transport activity of uric
acid in the renal tubules and reduce the serum uric acid
levels that are generally elevated in metabolic syndrome.26

Effect on Lipid Parameters
Sodium glucose cotransporter-2 inhibitors increase
the levels of both high-density lipoprotein-cholesterol
(HDL-C) and low-density lipoprotein-cholesterol
(LDL-C) with no change in HDL-C/LDL-C ratio. This
increase in LDL-C levels may negate some of the potential
benefits of SGLT-2 inhibitors.27

Effects on Other Cardiovascular Risk Pathways

The sympathetic nervous system stimulation that occurs
in response to hypoglycemia causes a decline in the
glomerular filtration rate (GFR) by blunting the action of
SGLT-2 inhibitors.20 In addition, the ability to counteract
postprandial glycemic excursions and reduced glycemic variability and enhanced insulin sensitivity with
SGLT-2 inhibitors could perhaps translate into favorable
cardiovascular outcomes.21

Animal studies have shown that SGLT-2 inhibitors
reduce oxidative stress and leukocytosis induced by
hyperglycemia that are fundamental in the pathogenesis
of atherosclerosis. 28 With reductions in the blood
pressure, weight, and diuresis, SGLT-2 inhibitors can
potentially benefit treatment of patients with cardiac
failure. Studies done in rats with heart failure have shown
decrease in left ventricular mass and left ventricular end
diastolic diameter with SGLT-2 inhibitors.29

Reduction in BP and Arterial Stiffness

The HbA1C Paradox

Sodium glucose cotransporter-2 inhibitors have consistently shown to decrease BP even without a compensatory

Most of the oral hypoglycemic agents as well as insulin
cause reduction in HbA1C at the cost of weight gain
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i.e., associated with adverse outcomes. Patients who
gained weight during treatment for type 2 diabetes had
1.8- to 2.3-fold increase in risk of cardiovascular disease
compared with those who gained less weight or who lost
weight.30 Every 3 kg gain in weight offsets the benefits
of HbA1C reduction by 1%.31 In an article published in
LANCET endocrinology, an increase in weight by 1 kg
due to treatment with antidiabetic medications leads
to a relative increase in risk of heart failure.32 Thus,
conventional antihyperglycemic agents, despite causing
satisfactory reduction in HbA1C, will cause collateral
damage due to weight gain. Hence, minimizing risk of
weight gain is of utmost priority that can be effectively
achieved with the novel class of SGLT-2 inhibitors.
The “EMPA-REG” study is a landmark study that
demonstrated cardiovascular safety of SGLT-2 inhibitor
empagliflozin.33 Notably, the benefits observed with
empagliflozin were seen in high-risk cardiovascular type 2
diabetes patients on treatment with statins, aspirin, and
drugs blocking the renin–angiotensin–aldosterone axis.
The study involved 7,020 patients randomized to receive
once daily empagliflozin 10 or 25 mg against placebo. The
primary endpoint was death from cardiovascular causes,
non-fatal myocardial infarction, or non-fatal stroke among
the pooled empagliflozin group vs the placebo group. The
major secondary composite outcome was the primary
outcome and hospitalization for unstable angina. The
primary outcome occurred in 490 of 4,687 patients (10.5%)
in the pooled empagliflozin group and in 282 of 2,333
patients (12.1%) in the placebo group (hazard ratio in the
empagliflozin group, 0.86; 95.02% confidence interval,
0.74 to 0.99; p = 0.04 for superiority). Remarkably, the
decrease in the risks of death from cardiovascular causes
and from any cause occurred early in the trial persisted
all through the study. There were no significant betweengroup differences in the rates of myocardial infarction
or stroke, but in the empagliflozin group there were
significantly lower rates of death from cardiovascular
causes (3.7% vs 5.9% in the placebo group; 38% relative
risk reduction), hospitalization for heart failure (2.7 and
4.1% respectively; 35% relative risk reduction) and death
from any cause (5.7 and 8.3% respectively; 32% relative
risk reduction). There was no significant between-group
difference in the key secondary outcome (p = 0.08 for
superiority). For the first time, the EMA-REG study has
demonstrated that an antihyperglycemic agent to be
not just non-inferior but rather superior over placebo
in high-risk type 2 DM patients. Does this translate to
other SGLT2 inhibitors or not? Is this a molecular effect
of empagliflozin or class effect of SGLT-2 inhibitors
that can only be substantiated with ongoing studies
like Canagliflozin Cardiovascular Assessment Study
(CANVAS)?
Hypertension Journal, April-June 2016;2(2):74-79

SIDE EFFECTS OF SGLT-2 INHIBITORS
The enhanced glycosuria that ensues with the use of
SGLT-2 inhibitors leads to an increased risk of urinary
tract infections, pyelonephritis, and candidiasis. 34-36
In addition, SGLT-2 inhibitors cause osmotic diuresis
and polyuria that can lead to volume depletion and
electrolyte abnormalities. This risk is markedly enhanced
with combination of SGLT-2 inhibitors with diuretics.
Accordingly, SGLT-2 inhibitors must be avoided in
individuals presenting with the classical hyperglycemic
symptoms of polyuria, polydipsia, polyphagia, and
unintentional weight loss. The actions of SGLT-2
inhibitors are blunted with renal impairment obligating
dose modifications and are not advocated for use with
moderate-to-severe renal disease.
Of late, the US FDA has issued a warning on the
risk of developing euglycemic ketoacidosis with SGLT-2
inhibitors. This is a matter of concern as the diagnosis
may be unseen and missed due to lack of awareness
among the treating clinicians and the absence of
severe hyperglycemia that is typically associated with
diabetic ketoacidosis. It is hypothesized that the euglycemic ketoacidosis is due to the hyperglucagonemia,
non-insulin-dependent glucose clearance, and volume
depletion that occur with SGLT-2 inhibitors.37 Hence,
euglycemic ketoacidosis must be strongly suspected in
patients on SGLT-2 inhibitors developing nausea, vomiting, or metabolic acidosis. Thus, SGLT-2 inhibitors are
not approved for treatment in individuals with type 1
diabetes and must be used with utmost caution in individuals having an increased risk of developing diabetic
ketoacidosis. In April 2016, the European Medicines
Agency (EMA) has initiated a review on canagliflozin
in the ongoing Canagliflozin Cardiovascular Assessment Study after an increase in risk in amputations,
mostly of the great toe was observed. The Canagliflozin
Cardiovascular Assessment Study is a randomized
study of about 4,000 type 2 diabetes patients with high
cardiovascular risks to canagliflozin 100 or 300 mg
daily or to placebo and will be completed by 2017. The
EMA Pharmacovigilance Risk Assessment Committee
(PRAC) has appealed to the pharmaceutical company
to assess for the increased risk in toe amputations with
canagliflozin.

CURRENT POSITIONING OF SGLT-2 INHIBITORS
IN THE MANAGEMENT OF DIABETES
Metformin unless contraindicated is the first and the
best drug to commence pharmacological therapy in
type 2 diabetes. 38 However, the dilemma has been
on the molecule to complement metformin therapy.
Sulfonylureas, DPP-IV inhibitors, and pioglitazone
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have always been the preferred choice of second-line
antidiabetic therapy till lately. Nevertheless, these
drugs are associated with adverse effects like weight
gain, hypoglycemia, edema, increased risk of fractures,
and cardiovascular safety concerns. Certainly, SGLT-2
inhibitors with its unique mode of action and safety
profile are an ideal add-on therapy to metformin.
Various international and national guidelines, such as
the Research Society for the Study of Diabetes in India
(RSSDI) guidelines and algorithm for management of
type 2 diabetes have accepted SGLT-2 inhibitors as the
add-on therapy after metformin.39 In a study published
by Davidson et al,40 canagliflozin produced comparable
outcomes among different ethnic populations. The
study demonstrated identical reductions in HbA1c,
body weight, and SBP among the Hispanic/Latino and
non-Hispanic/Latino patients with type 2 diabetes. In a
subset analysis of canagliflozin global studies that was
performed on Indian type 2 diabetic patients has been
promising and has shown that SGLT-2 inhibitors are
equally effective and safe in the Indian type 2 diabetic
population.41 Our experience with SGLT-2 inhibitors in
the last 1 year has been encouraging and satisfactory as
monotherapy and as add-on to other oral and injectable
antidiabetic agents.

CONCLUSION AND FUTURE THOUGHTS
With its unique mode of action, safety profile, and
innumerable benefits beyond glycemic control, the SGLT2 inhibitors appear to be “the blockbuster molecule”
that will assist the physician in achieving optimal and
sustained glycemic control. The EMPA-REG study
has demonstrated that SGLT-2 inhibitors are cardiacfriendly oral hypoglycemic agents. Does this mean that
cardiologists should prescribe SGLT-2 inhibitors among
all cases of diabetes having high cardiovascular risk and
especially among those with cardiac failure? Will SGLT-2
inhibitors be equally effective in patients of diabetes with
low cardiovascular risk in preventing all-cause mortality,
cardiovascular mortality, and morbidity? Only time will
answer these unanswered questions.
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