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Introduction
The prevalence of type 2 diabetes mellitus (T2DM) has reached 

epidemic proportions. The global prevalence of diabetes among 
adults over 18 years of age has risen from 4.7% in 1980 to 8.5% 
in 2014 [1]. Approximately 90% of these patients are expected to 
have T2DM based on the population-based surveys in developed 
countries [2]. The latest estimates by the international diabetes 
federation project that 592 million adults (1 in 10 persons) 
worldwide will have DM by 2035 [3]. Patients with T2DM are at 
significantly higher risk for cardiovascular disease (CVD) and as 
such, CVD represents the most prevalent cause of mortality and 
morbidity in this group [4]. In addition to the standard risk factors 
for CVD like obesity, dyslipidaemia and hypertension, which are 
common comorbidities seen in majority of T2DM patients, there 
are studies reporting of additional risk factors in these patients 
including hypercoagulability, endothelial dysfunction, chronic 
kidney disease, autonomic neuropathy and enhanced oxidative 
stress which may directly contribute to the development of CVD [5].

There has been a colossal change in the T2DM treatment 
options in the last decade with several new classes of drugs 
emerging including dipeptidyl peptidase-4 inhibitors, glucagon-like 
peptide 1 agonists and sodium glucose cotransporter-2 inhibitors 
(SGLT-2i). Further to United States Food & Drug Administration (US 
FDA) recommendations, all the new drugs now need to go through 
cardiovascular (CV) safety studies and prove non-inferiority. 
Surprisingly, SGLT-2i not only demonstrated CV safety but in 
fact were shown to reduce heart failure admissions and improve 
major adverse cardiac event (MACE) outcomes in patients with 
established cardiovascular disease. This mini-review is focussed 
on summarising the cardiovascular benefits of this exciting class of 
new drugs.

SGLT-2 inhibitors and their Pharmacodynamics
Three main drugs that are approved for usage in T2DM patients 

by the US FDA from this class are canagliflozin, dapagliflozin and  
empagliflozin (approved in March 2013, Jan 2014 and Aug 2014  

 
respectively). SGLT-2i act by inhibiting the reabsorption of filtered 
glucose in the proximal convoluted tubule (PCT) of the kidneys, a 
mechanism that is independent of insulin pathway and therefore 
not affected by beta cell decline. Thus, they can be prescribed at any 
stage of T2DM. Apart from the basic function of antihyperglycemic 
effect, these drugs also help improve other metabolic parameters 
including hypertension, obesity and to some extent dyslipidaemia 
too. This makes them the preferred drug in patients with these 
comorbidities.

The entire blood volume is filtered by the kidneys about 40-50 
times/day in an average healthy adult with daily filtration rate of 
160–180 grams of glucose. This filtered glucose is absorbed back 
almost completely in the kidneys through the proximal tubules via 
sodium-dependent transmembrane protein family called sodium 
glucose cotransporters (SGLT1 and SGLT2) preventing glycosuria. 
While SGLT1 is a low-capacity high-affinity transporter that is 
responsible for reabsorption of 10% of glucose, SGLT2 is a high-
capacity low-affinity transporter and reabsorbs the rest of the 
glucose (90%). The SGLT-2i inhibit SGLT2 in the PCT and leading to 
increased urinary glucose excretion and reduction in blood glucose 
levels [6]. They are also shown to preserve beta cell function [7].

 The common side effects include thrush, balanitis and 
urinary tract infections. In view of osmotic diuresis, volume 
depletion is a potential risk especially in patients who are on 
diuretics. Hypoglycaemia is rare except when these drugs are used 
concurrently with either insulin or insulin secretagogues. There 
are few case reports of diabetic ketoacidosis (DKA) especially when 
used in patients with type 1 diabetes mellitus (unlicensed usage). 
Very rarely, Fournier’s gangrene has also been reported [8]. 

Cardiovascular Outcome Trials with SGLT-2 
inhibitors

Further to adverse cardiac events post marketing with 
rosiglitazone, the US FDA made recommendations that glucose-
lowering medications used for T2DM should prove their 
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cardiovascular safety by achieving a maximum hazard ratio of 
1.30 (upper 95% of confidence interval) in a cardiovascular 
outcome trial (CVOT) with a composite endpoint of first myocardial 
infarction (MI), stroke or cardiovascular death events [9]. European 
Medicines Agency (EMA) followed suit in 2012 and published a 
guideline on CVOTs for all the anti-diabetic therapies. Accordingly, 
three CVOT studies were reported where SGLT-2i not only showed 
their CV safety but also proved their CV efficacy in T2DM patients. 
These are summarised below. 

In the “Empagliflozin Cardiovascular Outcome Event Trial 
in Type 2 Diabetes Mellitus Patients–Removing Excess Glucose 
(EMPA-REG OUTCOME)” study, which was the first randomized, 
double-blinded, placebo-controlled trial for this class, reported 
by Zinman et al., they have randomly assigned adults with T2DM 
who had established cardiovascular disease to receive 10 mg 
or 25 mg of empagliflozin (4687 patients) or placebo (2333 
patients) once daily against a background of standard care. A total 
of 7020 patients were treated with a median observation time of 
3.1 years. The primary composite outcome was death from CV 
causes, nonfatal myocardial infarction or nonfatal stroke. The key 
secondary composite outcome was the primary outcome plus 
hospitalization for unstable angina. The primary outcome occurred 
in 10.5% in the pooled empagliflozin group and in 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). 
In the empagliflozin group there were significantly lower rates of 
death from cardiovascular causes (3.7%, vs. 5.9%; 38% relative risk 
reduction), hospitalization for heart failure (2.7% and 4.1%; 35% 
relative risk reduction), and death from any cause (5.7% and 8.3%; 
32% relative risk reduction). There was no significant between-
group difference in the key secondary outcome [10].

This study was followed by “The Canagliflozin Cardiovascular 
Assessment Study (CANVAS)” in which researchers integrated 
data from two trials (CANVAS and CANVAS-Renal) involving a 
total of 10,142 participants with T2DM and high cardiovascular 
risk. Participants in CANVAS group were randomly assigned in 
a 1:1:1 ratio to receive canagliflozin at a dose of 300 mg, or 100 
mg, or matching placebo. Participants in CANVAS-R were randomly 
assigned in a 1:1 ratio to receive canagliflozin, 100 mg daily initially 
with an optional increase to 300 mg/day starting from week 13, 
or matching placebo who were then followed for a mean of 188.2 
weeks. The primary outcome was a composite of death from 
cardiovascular causes, nonfatal myocardial infarction, or nonfatal 
stroke. The mean age of the participants was 63.3 years with the 
mean duration of diabetes of 13.5 years and nearly 2/3 of patients 
had a history of CV disease. Similarly to the outcomes observed in 
the EMPA-REG outcome study, the rate of the primary outcome was 
lower with canagliflozin than with the placebo (occurring in 26.9 
vs. 31.5 participants per 1000 patient-years; hazard ratio 0.86; 95% 
confidence interval 0.75 to 0.97; P<0.001 for noninferiority; P=0.02 
for superiority). There was also a possible suggestion of benefit 
in the canagliflozin group in terms of progression of albuminuria 
(hazard ratio 0.73; 95% CI, 0.67 to 0.79) and the composite outcome 
of a sustained 40% reduction in the estimated glomerular filtration 
rate, the need for renal-replacement therapy, or death from renal 

causes (hazard ratio, 0.60; 95% CI, 0.47 to 0.77). Although adverse 
reactions were mostly akin to previous reports, an increased risk 
of amputations were also noted (6.3 vs. 3.4 participants per 1000 
patient-years) which were primarily peripheral at the level of toes 
or metatarsals [11].

In a sub-analysis, canagliflozin reduced the overall risk of 
heart failure events in patients with T2DM who had high CV risk 
irrespective of their ejection fraction i.e. with no clear efficacy 
difference in patients with reduced versus preserved ejection 
fraction. This can potentially open new doors to diabetic patients 
having heart failure with preserved ejection fraction, where no 
other intervention has been shown to have clinically meaningful 
benefits thus far [12, 13]. 

In “Dapagliflozin Effect on Cardiovascular Events trial” 
(DECLARE–TIMI 58), investigators randomly assigned T2DM 
patients with atherosclerotic cardiovascular disease (ASCVD) 
or who were at risk for ASCVD to receive either dapagliflozin 
or placebo. The primary safety outcome was a composite of 
MACE, defined as cardiovascular death, myocardial infarction, or 
ischemic stroke. The primary efficacy outcomes were MACE and 
a composite of cardiovascular death or hospitalization for heart 
failure. Secondary efficacy outcomes were a renal composite and 
death from any cause. This is the largest CVOT trial of the class 
with 17,160 patients, including 59.36% patients (10,186) without 
ASCVD, which also had longest follow-up (median 4.2 years). In the 
primary safety outcome analysis, dapagliflozin was noninferior to 
placebo with regards to MACE. In the two primary efficacy analyses, 
dapagliflozin did not result in a lower rate of MACE (8.8% in the 
dapagliflozin group and 9.4% in the placebo group; hazard ratio, 
0.93; 95% CI, 0.84 to 1.03; P=0.17) but did result in a lower rate of 
hospitalization for heart failure (hazard ratio, 0.73; 95% CI, 0.61 to 
0.88). There was no difference in CV death between the two groups 
(hazard ratio, 0.98; 95% CI, 0.82 to 1.17). Death related to any cause 
occurred in 6.2% and 6.6% in dapagliflozin and placebo group 
respectively (hazard ratio, 0.93; 95% CI, 0.82 to 1.04). In summary, 
dapagliflozin when used in T2DM patients who had or were at risk 
of ASCVD, did not have any clinically meaningful effect on MACE 
than placebo but did result in a lower rate of hospitalization for 
heart failure [14]. However, in a sub-group analysis of DECLARE 
TIMI-58, in patients with prior MI (n=3,584), dapagliflozin reduced 
the relative risk of MACE by 16% and the absolute risk by 2.6 % 
(15.2% vs. 17.8%; HR 0.84; 95%CI 0.72-0.99; p=0.039) [15]. 

SGLT inhibitors and Heart Failure
Recently, a meta-analysis was reported looking explicitly at the 

hospitalization due to heart failure (hHF) in patients using SGLT-
2i looking at randomized controlled trials (RCTs), observational 
studies, and both. This demonstrated a significant decrease in 
hHF in RCTs (N = 34,322), observational studies (N = 15,36,339), 
and both (N = 15,70,661) with odds ratio (OR) of 0.70, 0.64, 0.66 
respectively (p = 0.000 for all of them) with SGLT-2i compared to 
placebo or other anti-diabetes drugs in T2DM [16].

Given the fact that there is multi-model benefit with these 
drugs in patients with myocardial pump failure, there is growing 
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interest currently to study them in patients without diabetes too. 
“The Dapagliflozin And Prevention of Adverse-outcomes in Heart 
Failure trial” (DAPA-HF) is one such study which is a prospective, 
randomized, placebo-controlled trial evaluating the effect of 
dapagliflozin compared to placebo on morbidity and mortality in 
patients with heart failure and reduced ejection fraction (HFrEF). 
Patients with and without T2DM have been included [17]. “The 
EMPA-TROPISM Trial: Are the ‘Cardiac Benefits of Empagliflozin 
Independent of Its Hypoglycemic Activity?” is a randomized, 
double-blind, placebo-controlled trial comparing the efficacy and 
safety of empagliflozin in non-diabetic heart failure patients to 
determine whether it improves cardiac function and heart failure 
parameters in these patients [18].

Summary
 Several CV safety trials have been done so far with different 

classes of antidiabetic agents, but for the first time an oral anti-
diabetic agent has proven CV efficacy, which is a major step forward 
in the armory of oral hypoglycemics. Accordingly, empagliflozin 
and canagliflozin have now been approved by the US FDA not only 
for glucose-lowering, but also to reduce the risk of cardiovascular 
events/mortality in people with T2DM and established CV disease/
high CVD risk. There are several proposed mechanisms behind the 
CV benefits with these drugs including the obvious ones such as 
glycemic benefit, weight loss, reduction of blood pressure without 
tachycardia, diuretic effect with resultant reduction in preload, but 
also their effects on markers of arterial stiffness, vascular resistance, 
visceral adiposity, albuminuria, plasma urate and myocardial cell 
metabolism in patients with heart failure [19, 20]. Further research 
is ongoing to potentially expand the usage of these drugs in non-
diabetic patients with heart failure as well.
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