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T2DM





Modifiable CV risk factors are common in   
T2DM

Hyperglycaemia Hypertension Dyslipidaemia Obesity



Diabetes Patients at Goal

HbA1c :52%

LDL 56%

BP :51%

All 3 
19%



Safety profiles

Patient satisfaction Cost Extra‐glycemic effects

Side effectsEffectiveness



Extraglycemic effects





SGLT2 
Inhibitors

A new class of oral anti‐
diabetes medication

Role of the Kidney in 
Glucose Metabolism

 sodium‐dependent glucose 
transporters (SGLTs)



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



SGLT1

SGLT2

~ 10%

~ 90%

When blood glucose 
increases above the renal 

threshold 
, the capacity of the 

transporters is exceeded, 
resulting in urinary 
glucose excretion

Filtered glucose load 

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

Renal glucose re‐absorption in patients with hyperglycaemia



*Loss of ~ 80 g of glucose/day

(~ 240 cal/day)

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

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

Urinary glucose excretion via SGLT2 inhibition



Expected clinical effects of SGLT2 inhibition
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Upregulation of SGLT2 Transporter and 
Enhanced Cellular Glucose Uptake in Type 2 Diabetes

Glucose Uptake 
by Tubular Cells  
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SGLT2i lowers renal threshold for glucose excretion

Abdul‐Ghani M, et al. Endocr Pract. 2008; 14: 782‐90. Nair S, Wilding JP. J Clin Endocrinol Metab. 2010; 95: 34‐42. 



Plasma Glucose proportional to the:
• Ambient glucose concentration
• Glomerular filtration of this glucose

Greater reductions may be seen in patients with poor glycemic control, 
potentially to a greater extent than with other agents

• lowering effects of SGLT2 inhibitors are  in patients with 
GFR <60 and almost absent when GFR is <30

• HbA1c by 0.6–0.9% vs placebo, regardless of background therapy

 FPG

 PPG

Glucose‐lowering effect of SGLT2 inhibitors is dose dependent, at least in patients with HbA1c <  8%,
in whom high‐dose therapy produces superior glucose lowering compared with low‐dose  



Δ HbA1c Across Different Background Therapy Empagliflozin versus   
Placebo

Phase III pooled efficacy analysis

Pooled data
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Pooled¹ Monotherapy² MET³ PIO⁴ MET+SU⁵

Insulin⁶
78 week Mild RI⁷

Patients, n 831 821 224 224 217 213 165 168 225 216 169 155 98 97

BL HbA1c, % 7.98 7.96 7.87 7.86 7.94 7.86 8.1 8.1 8.07 8.10 8.3 8.3 8.02 7.96

Empagliflozin 10 mg Empagliflozin 25 mg 
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Δ body weight† across different background therapy
Empagliflozin  vs placebo
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Phase III pooled efficacy analysis

Patients, n 831 821 224 224 217 213 165 168 225 216 169 155 98 97

BL BW (kg) 78.77 79.10 78.4 77.80 81.6 82.2 78.0 78.90 77.1 77.5 91.6 94.7 92.1 88.7

Pooled data Empagliflozin 10 mg Empagliflozin 25 mg 

Monotherapy MET PIO MET+SUPooled Mild RI
Insulin
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†Empagliflozin® is not indicated for weight loss
Weight change was a secondary endpoint in clinical trials

Weight reduction is also greater in individuals 
with the highest HbA1c at baseline and is 
attenuated in those with good glucose control 
at baseline 



Δ SBP Across Different Background Therapy Empagliflozin vs Placebo

Phase III pooled efficacy analysis
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Patients, n 831 821 224 224 217 213 165 168 225 216 169 155 98 97

BL SBP(mmHg) 129.6 129 133 129.9 129.6 130 126.5 125.9 128.7 129.3 132.4 132.8 137.4 133.7

†

Pooled data Empagliflozin 10 mg Empagliflozin 25 mg 

Monotherapy² MET³ PIO⁴ MET+SU⁵Pooled¹ Mild RI⁷
Insulin⁶
78 week



Mean adjusted LDL/HDL
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EMPA‐REG OUTCOME®



1‐Zinman B et al,. Empagliflozin, cardiovascular outcomes, and mortality in type 2 diabetes. New England Journal of Medicine. 2015; 26;373(22):2117‐28.

Objective¹
To examine the long‐term effects of empagliflozin versus placebo, in addition to standard of care, 
on CV morbidity and mortality in patients with type 2 diabetes and high risk of CV events

22



EMPA‐REG 
OUTCOME¹®

Trial design 
and conduct

Cardiovascular 
outcomes

Efficacy data
Safety and 
tolerability

Summary

1‐Zinman B et al,. Empagliflozin, cardiovascular outcomes, and mortality in type 2 diabetes. New England Journal of Medicine. 2015; 26;373(22):2117‐28. 23



EMPA‐REG 
OUTCOME¹®

Trial design 
and conduct

Cardiovascular 
outcomes

Efficacy
data

Safety and 
tolerability

Summary

1‐Zinman B et al,. Empagliflozin, cardiovascular outcomes, and mortality in type 2 diabetes. New England Journal of Medicine. 2015; 26;373(22):2117‐28. 24



42
countries

590
sites

11,531
pts screened 

7020 pts 
randomized

>97 % 
completed 

trial

>99 %
vital status 
available 

Patients
with T2D & 
Established 
cardiovasc
ular 
disease¹

Trial Design¹



EMPA‐REG 
OUTCOME¹®

Trial design 
and conduct

Cardiovascular 
outcomes

Efficacy dataSafety and 
tolerability

Summary

1‐Zinman B et al,. Empagliflozin, cardiovascular outcomes, and mortality in type 2 diabetes. New England Journal of Medicine. 2015; 26;373(22):2117‐28. 26



Pre‐specified primary and key secondary outcomes¹

Cardiovascular death Non‐fatal myocardial 
infarction

Non‐fatal stroke
Additional 

components may be 
included

MACE*
Hospitalization

for 
unstable angina

Additional components for MACE‐plus

Key components of MACE
(hard endpoints of atherosclerotic disease)

*Major Adverse Cardiovascular Events



Primary Outcome: 3‐point MACE (CV death, Nonfatal MI, Nonfatal stroke)¹



EMPA‐REG 
OUTCOME¹®

Trial design 
and conduct

Cardiovascular 
outcomes

EfficacydataSafety and 
tolerability

Summary

1‐Zinman B et al,. Empagliflozin, cardiovascular outcomes, and mortality in type 2 diabetes. New England Journal of Medicine. 2015; 26;373(22):2117‐28. 29



EMPA‐REG OUTCOME®: summary

Empagliflozin in addition to standard of care reduced CV risk and 
improved overall survival in adults with T2D at high CV risk¹

↓ 3P‐MACE

14%

↓ CV death

38%

↓ All‐cause 
mortality

32%

The overall safety profile of empagliflozin was consistent with previous clinical 
trials and current label information¹

35%

↓ Heart failure 
hospitalisations



NNT



NNT to Prevent One Death Across Major Trials in Patients with High CV 
Risk

Simvastatin1

for 5.4 years

High CV risk  
5% diabetes, 26% hypertension

Pre-statin era

High CV risk
38% diabetes, 46% hypertension   

Ramipril2
for 5 years

Pre-ACEi/ARB era 

<29% Statin

Empagliflozin 
for 3 years

T2DM with high CV risk 
92% hypertension 

>80% ACEi/ARB  

>75% Statin

20% ACEi/ARB 

17% Statin 

High CV risk
20% diabetes, 41% hypertension   

Simvastatin3
for 5 years

1994 2000 2002 2015  



NNT to Prevent One Death Across Major Trials in Patients with High CV 
Risk

Simvastatin1

for 5.4 years

High CV risk  
5% diabetes, 26% hypertension

1994 2000 2015  

Pre-statin era

High CV risk
38% diabetes, 46% hypertension   

Ramipril2
for 5 years

Pre-ACEi/ARB era 

<29% Statin

>80% ACEi/ARB  

>75% Statin

2002 

20% ACEi/ARB 

17% Statin 

High CV risk
20% diabetes, 41% hypertension   

Simvastatin3
for 5 years

Empagliflozin 

for 5 years⁴

T2DM with high CV risk 
92% hypertension 



Renal Outcomes with Empagliflozin over 3.2 Years (EMPA-REG RENAL)¹
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39%
P<0.001

46%
P<0.001

38%
P<0.001

NNT=16

Arrows = relative risk reduction
*Doubling of SCr + eGFR ≤45 mL/min/1.73 m2, initiation of renal replacement therapy, or death from renal disease.



Cardio and Renal potential mechanisms of Empagliflozin



Cardiovascular protection by SGLT2 inhibitors

Diabetes‐associated 
ventricular remodelling 

Healthy heart



Consequences of inhibition of SGLT2 on glucose, salt and water excretion, as well as its 
potential metabolic impact on kidney, liver and heart function



Guidelines 
Recommendations





Empagliflozin versus Liraglutide

Agent Ease of 
use Cost ASCVD NNT in 

CVOTs
CKD 

progression Use in HF eGFR<45 
ml/min

Glycemic 
efficacy

Weight 
loss

Liraglutide² SQ High ✔ 98 ✔ ✔ ✔ ✔✔ ✔✔

Empagliflozin¹ ✔✔
Oral Medium ✔ 39 ✔✔ ✔✔✔ ‐ ✔ ✔



Practical points in using Empagliflozin

Administration, cautions, side effects



Convenience of a once‐daily oral treatment¹

STARTING 
DOSE

10mg 1 × daily

INCREASE TO 25mg 1 × daily

The recommended starting dose for Empagliflozin is 10 mg once daily

For patients who tolerate 10 mg once daily who have an eGFR ≥ 60 mL/min/1.73 
m2 and need tighter glycemic control, their dose can be increased to 25 mg once 
daily

With or without food At any time of day*

Empagliflozin can be taken

When Empagliflozin is used in combination with a sulphonylurea or 
with insulin, 
a lower dose

of the sulphonylurea or insulin may be considered to reduce the risk of 
hypoglycaemia



Event Placebo Empagliflozin 10 mg Empagliflozin 25 mg

Vaginal moniliasis,
vulvovaginitis, balanitis and other 
genital infection

0.9% 4.1% 3.7%

Increased urination
(including the predefined
terms , polyuria,
and nocturia)

1.0% 3.4% 3.2%

Urinary tract infection (UTI) 7.6% 9.3% 7.6%

Empagliflozin safety profile
Safety data reported in placebo controlled studies 

Frequency of common adverse events

The majority of patients who experienced a UTI or genital 
infection reported a single event

• UTI was reported more frequently in females than in males
• Genital tract infections were mild or moderate in intensity and were reported more frequently in 

females than in males
• The frequency of reported nocturia for empagliflozin was <1%
• Discontinuations due to UTI were low (0.1 – 0.2%)



Overall incidences of hypoglycaemic events
Placebo
(n=229)

Empagliflozin 10 mg
(n=224)

Empagliflozin 25 mg
(n=223)

Monotherapy1 <1% <1% <1%

Placebo
(n=206)

Empagliflozin 10 mg
(n=217)

Empagliflozin 25 mg
(n=214)

Add‐on to metformin2 <1% <2% <1.5%

Placebo
(n=225)

Empagliflozin 10 mg
(n=224)

Empagliflozin 25 mg
(n=217)

Add‐on to metformin + SU3 8.4% 16.1% 11.5%

Placebo 
(n=170)

Empagliflozin 10mg 
(n=169)

Empagliflozin 25 mg
(n=155)

Add‐on to insulin +/‐ metformin/SU4 35% 36% 36%

• A lower dose of insulin or insulin secretagogues (eg, SUs) may 
be needed to reduce the risk of hypoglycaemia when 
empagliflozin is used in combination with these agents



SGLT2 inhibition: PROs & CONs 

Potential benefits Potential risks

• Hypovolemia symptoms
• Vaginitis, balanitis
• Euglycemic DKA
• Increased LDL
• Hyperkalemia
• Polyuria

• Weight loss
• HbA1c lowering
• Reduced blood pressure
• Renal & cardiac protection
• Improved beta cell function
• Independent to insulin presence
• Mechanism complementary to other therapies


