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Filtered glucose load 

180 g/day

SGLT1

SGLT2

~ 10%

~ 90%

Gerich JE. Diabet Med. 2010;27:136–142.

Renal glucose re-absorption in healthy individuals
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Gerich JE. Diabet Med. 2010;27:136–142.

Renal glucose re-absorption in patients with hyperglycaemia
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SGLT1

SGLT2

~ 10%

~ 90%

When blood glucose 

increases above the 

renal threshold 

(~ 10 mmol/l or 180 

mg/dL), the capacity 

of the transporters is 

exceeded, resulting 

in urinary glucose 

excretion

Filtered glucose load 

> 180 g/day



*Loss of ~ 80 g of glucose/day (~ 240 cal/day).
Gerich JE. Diabet Med. 2010;27:136–142. 

Urinary glucose excretion via SGLT2 inhibition
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SGLT2SGLT2

inhibitor

SGLT1

SGLT2 inhibitors 

reduce glucose 

re-absorption 

in the proximal 

tubule, leading to 

urinary glucose 

excretion* and 

osmotic diuresis

Filtered glucose load 

> 180 g/day



New Drugs in Type 2 diabetes



SGLT inhibitors
Phlorizin (1933): 
• extracted from bark of apple trees

• glucose ring connected to 2 phenol rings via oxygen

• inhibits both SGLT1 and SGLT2

More recent SGLT2 inhibitors: 

• Sergliflozin

• Remogliflozin Development stopped

• Dapagliflozin

• Canagliflozin Registered in EU and US 

• Empagliflozin

Abdul-Ghani M et al Curr Diab Rep 2012; 12: 230-238
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SGLT2 inhibition lowers glycaemia independently of β-cell function 
and insulin resistance1–4
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INTRODUCTION

• Type 2 diabetes is a major risk factor for 

cardiovascular disease, & presence of both type 2 

diabetes and cardiovascular disease increases the risk 

of death.

• Evidence that glucose lowering reduces the rates of 

cardiovascular events and death has not been  

convincingly shown, although a modest 

cardiovascular benefit may be observed after a 

prolonged  follow-up period.



• Furthermore, there is concern that intensive 

glucose lowering or the use of specific glucose-

lowering drugs may be associated with adverse 

cardiovascular outcomes.

• Therefore, it is necessary to establish the 

cardiovascular safety benefits of glucose-

lowering agents.



• Inhibitors of sodium–glucose cotransporter

reduce rates of hyperglycemia in patients with 

type 2 diabetes by decreasing renal glucose 

reabsorption, thereby increasing urinary glucose 

excretion.

• Empagliflozin is a selective inhibitor of sodium 

glucose cotransporter 2 that has been approved 

for type 2 diabetes.



• Given as either monotherapy or as an add-on 

therapy, the drug is reported to reduce glycated

hemoglobin levels in patients with type 2 

diabetes, including those with stage 2 or 3a 

chronic kidney disease.

• Furthermore, empagliflozin is associated with 

weight loss and reductions in blood pressure 

without increases in heart rate



• Empagliflozin also has favorable effects on 

markers of arterial stiffness and vascular 

resistance, visceral adiposity, albuminuria, and 

plasma urate.

• Empagliflozin has been associated with an 

increase in levels of both low-density lipoprotein 

(LDL)14 and high-density lipoprotein (HDL) 

cholesterol.

• The most common side effects of empagliflozin

are urinary tract infection and genital infection.



• In the EMPA-REG OUTCOME trial,

examined the effects of empagliflozin,

(SGLT-2) as compared with placebo, on

cardiovascular morbidity and mortality in

patients with type 2 DM at high risk for

cardiovascular events who were receiving

standard care



Study Overview

• In this study, the addition of empagliflozin, an
inhibitor of sodium–glucose cotransporter 2,
(SGLT-2) to standard care reduced
cardiovascular morbidity and mortality in
patients with type 2 diabetes at high
cardiovascular risk.



Methods

Study Oversight

• The trial was designed and overseen by a steering 

committee that included academic investigators 

and employees of Boehringer Ingelheim. The role 

of Eli Lilly was limited to cofunding the trial. 

• Cardiovascular outcome events and deaths were 

prospectively adjudicated by two clinical-events 

committees (one for cardiac events and the other 

for neurologic events), as recommended by the 

Food and Drug Administration (FDA) guidelines



Study Design

• This was a randomized, double-blind, placebo-

controlled trial to assess the effect of once-daily 

empagliflozin (at a dose of either 10 mg or 25 

mg) versus placebo on cardiovascular events in 

adults with type 2 diabetes at high cardiovascular 

risk against a background of standard care. 

Patients were treated at 590 sites in 42 countries. 

The trial continued until an adjudicated primary 

outcome event had occurred in at least 691 

patients.



Study Patients

• Eligible patients with type 2 diabetes were adults 

(≥18 years of age) with a body-mass index (the 

weight in kilograms divided by the square of the 

height in meters) of 45 or less and an estimated 

glomerular filtration rate (eGFR) of at least 30 ml 

per minute per 1.73 m2 of body-surface area, 

according to the Modification of Diet in Renal 

Disease criteria.



• All the patients had established cardiovascular 

disease  and had received no glucose-lowering 

agents for at least 12 weeks before randomization 

and had a glycated hemoglobin level of at least 

7.0% and no more than 9.0% or had received 

stable glucose-lowering therapy for at least 12 

weeks before randomization and had a glycated

hemoglobin level of at least 7.0% and no more 

than 10.0



Study Procedures

• Eligible patients underwent a 2-week, open-label, 

placebo run-in period in which background 

glucose-lowering therapy was unchanged. 

Patients meeting the inclusion criteria were then 

randomly  assigned in a 1:1:1 ratio to receive 

either 10 mg or 25 mg of empagliflozin or 

placebo once  daily.



Study Outcomes

• The primary outcome was a composite of death 

from cardiovascular causes, nonfatal myocardial 

infarction (excluding silent myocardial 

infarction), or nonfatal stroke.

• The key secondary outcome was a composite of 

the primary outcome plus hospitalization for 

unstable angina.



Statistical Analysis

• The primary hypothesis was noninferiority for the 

primary outcome with empagliflozin (pooled 

doses of 10 mg and 25 mg) versus placebo with a 

margin of 1.3 for the hazard ratio



Results

Study Patients

• A total of 7028 patients underwent randomization  

from September 2010 through April 2013. Of 

these patients, 7020 were treated and included in 

the primary analysis 

• Overall, 97.0% of patients completed the study, 

with 25.4% of patients prematurely discontinuing 

a study drug. Final vital status was available for 

99.2% of patients



• At baseline, demographic and clinical 

characteristics were well balanced between the 

placebo  group and the empagliflozin group

• According to the inclusion criteria, more than 

99% of patients had established cardiovascular 

disease, and patients were well treated with 

respect to the use of lipid-lowering therapy and 

antihypertensive medications at baseline



• The median  duration of treatment was 2.6 years, 

and the median observation time was 3.1 years; 

both durations were similar in the pooled 

empagliflozin group and the placebo group



Cardiovascular Outcomes

• The primary outcome occurred in a significantly 

lower percentage of patients in the empagliflozin

group (490 of 4687 [10.5%]) than in the placebo 

group (282 of 2333 [12.1%]) (hazard ratio in the  

empagliflozin group, 0.86; 95.02% confidence  

interval [CI], 0.74 to 0.99; P<0.001 for 

noninferiority and P = 0.04 for superiority) (Fig. 

1A).



• The  key secondary outcome occurred in 599 of 

4687 patients (12.8%) in the empagliflozin group 

and 333 of 2333 patients (14.3%) in the placebo 

group (hazard ratio, 0.89; 95% CI, 0.78 to 1.01;  

P<0.001 for noninferiority and P = 0.08 for 

superiority



Cardiovascular Outcomes and Death from Any Cause.

Zinman B et al. N Engl J Med 2015;373:2117-2128



• As compared with placebo, empagliflozin

resulted in a significantly lower risk of death  

from cardiovascular causes (hazard ratio, 0.62; 

95% CI, 0.49 to 0.77; P<0.001) (Fig. 1B), death 

from any cause (hazard ratio, 0.68; 95% CI, 0.57 

to 0.82, P<0.001; Fig. 1C), and hospitalization  

for heart failure (hazard ratio, 0.65; 95% CI, 0.50  

to 0.85; P = 0.002) (Fig. 1D). Hazard ratios for  

cardiovascular outcomes with empagliflozin

versus  placebo are shown in Table 1



• There were no significant between-group 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).

• Among patients receiving empagliflozin, there was an 

increased rate  of genital infection but no increase in 

other adverse events.



Primary and Secondary Cardiovascular Outcomes.



Subgroup Analyses for the Primary Outcome and Death from Cardiovascular Causes.



Glycemic Control

• After 12 weeks, during which glucose-lowering  

therapy was to remain unchanged, the adjusted  

mean differences in the glycated hemoglobin

level between patients receiving empagliflozin

and those receiving placebo were −0.54 

percentage points (95% CI, −0.58 to −0.49) in the 

10-mg group and −0.60 percentage points (95% 

CI,  −0.64 to −0.55) in the 25-mg group (Fig. 3)



Glycated Hemoglobin Levels.

Zinman B et al. N Engl J Med 2015;373:2117-2128



Cardiovascular Risk Factors

• Over the course of the study, empagliflozin, as

compared with placebo, was associated with

small reductions in weight, waist circumference,

uric acid level, and systolic and diastolic blood

pressure with no increase in heart rate and small

increases in both LDL and HDL cholesterol



Safety and Adverse Events

• The proportions of patients who had adverse events, 

serious adverse events, and adverse events  leading to 

the discontinuation of a study drug were similar in the 

empagliflozin group and the  placebo group (Table 2).

• Genital infection was  reported in a higher percentage 

of patients in  the pooled empagliflozin group

• The proportions  of patients with confirmed 

hypoglycemic adverse events, acute renal failure, 

diabetic ketoacidosis, thromboembolic events, bone 

fracture, and events consistent with volume depletion  

were similar in the two study groups.



• Urosepsis was reported in 0.4% of patients in the 

empagliflozin group and 0.1% of those in the 

placebo  group, but there was no imbalance in 

overall rates of urinary tract infectio, complicated 

urinary tract infection, or pyelonephritis



Adverse Events.



CONCLUSIONS

• Patients with type 2 diabetes at high risk for

cardiovascular events who received

empagliflozin, as compared with placebo, had a

lower rate of the primary composite

cardiovascular outcome and of death from any

cause when the study drug was added to standard

care.
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