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History 

Renal glucose reabsorption kinetics were demonstrated in the 

late 1930s. 

In the kidney, the filtered glucose is reabsorbed again in the 

proximal tubules via SGLT1 (10%) and SGLT2 (90%).  

Hyperglycemia stimulates proximal tubular growth and SGLT2 

expression. 

Inhibition of SGLT2 induces glucosuria and lowers blood 

glucose levels. 



Phlorizin (isolated from the bark of apple trees) is the first 

natural substance with SGLT inhibitory activity.  

It inhibits both human SGLT1 and SGLT2. 

However, it is inappropriate for development as an anti-

hyperglycemic due to:  

1. Inhibits both SGLT1 & SGLT2 with low therapeutic selectivity.  

2. The inhibition of SGLT1 can cause several GIT side effects.  

3. Its metabolites inhibits (GLUT1), obstructing tissue glucose 

uptake. 

 

In 2008, dapagliflozin (1200-fold higher on SGLT2 Vs SGLT1) 

was developed. It was approved in Europe in 2012 then by FDA 

in 2013. 



Available drugs 

1. Canagliflozin (Invokana®) 

2. Dapagliflozin (Farxiga®) 

3. Empagliflozin (Jardiance®) 

 

4. Others (mainly in Japan) 

 

5. Four combination drugs: canagliflozin/metformin 
(Invokamet®), dapagliflozin/metformin (Xigduo XR®), 
empagliflozin/metformin (Synjardy®) and 
empagliflozin/linagliptin (Glyxambi®). 



Annual sale  
1. Canagliflozin: 

Jumped from $586 million in 2014 to $1.31 billion in 2015 

Added only $100 million in 2016 then 10% decline in 2017 due to 

lower prices. 

 

2. Dapagliflozin:  

  $1.4 billion in 2017 and expected to reach $2.7 billion by 2023.  

 

3. Empagliflozin: 

Earned another FDA approval in 2016 for reducing cardiovascular 

death in adults with type 2 diabetes.  

$1.1 billion and expected to be reach $3.5 billion in 2024. 





Benefits associated with SGLT2 inhibitors:  

Weight reduction (about 2 kg). 

 

Renal benefits:  

1. Reducing albuminuria and the progressive decline in 

renal function (in comparison to SU, patients with 

established nephropathy, in combination with RAS 

blocker). 

Reduction of albuminuria is due to hemodynamic, metabolic, 

BP lowering effects. In addition, reduction of cortical O2 

consumption and getting benefits of the good arm of RAS. 



2. It also reduce O2 consumption in the cortex.  

3. Fibrosis, histopathology, inflammation, cr clearance & 

kidney injury markers: little effect of any, only with high 

doses of dapagliflozin.  

   

Cardiovascular benefits: 

1. Mild reduction of blood pressure (5/2) 

2. Mild improvement of lipid profile. 

3. Reducing congestive heart failure and reduce 

hospitalization and mortality from congestive heart 

failure.  











On the other side, there is increased amputation, fractures, and genital infections  





Risks associated with SGLT2 inhibitors 

1. Diabetic ketoacidosis (DKA) 

2. Kidney adverse effects 

3. Genital and urinary tract infection 

4. Cancer risk 

5. Foot and toe amputation 

6. Bone fracture risk 



Diabetic ketoacidosis (DKA) 

SGLT2inhibitors are associated with DKA, and this 

association is not limited to any particular demographic or 

comorbid sub population. 

Further increase in risk when the drug is combined with 

DPP4 inhibitors. 

SGLT2 inhibitors deprive cells from glucose.  

SGLT2 inhibitors decrease the ketone excretion in urine 

and hence, lead to ketoacidosis.  

Euglycemic DKA. 



Kidney adverse effects (potential) 

1. Medullary hypoxia. 

2. Uricosuric: leading to crystal deposition and renal 

damage secondary to inflammation and oxidative stress.  

3. Increase accumulation of fructose, sorbitol and 

increasing gluconeogenesis leading to tubular injury and 

inflammation (2018) 

4. Hyperkalemia.  

5. Activation of RAS under certain situation. 



Genital and urinary tract infection 

SGLT2 inhibitors are accompanied with the 

increased risk of urinary tract infection (attributed to 

glucosuria).  

SGLT2 inhibitors also linked to the increased 

incidence of sever genital mycotic infections.  

Patients having previous occurrence of genital 

mycotic infection are at higher risk. 

Latest FDA warning (2018). 



Cancer risk 

Obesity and diabetes, by themselves, are risk factor for 
cancer. 

Experimentally: 

1. High doses of dapagliflozin for up to 2 years found no 
increase tumor incidence. 

2. Canagliflozin gave variable results in experimental 
studies (carcinogenic mechanisms not applicable to 
human). 

3. SGLT2 knockout mice did not show increased 
hyperplasia or neoplasia in the urinary bladder mucosa, 
urogenital tract or kidney. 

 



Clinically: 

1. The first report of cancer risk was in 2011. Dapagliflozin 

was associated with higher incidents of male bladder 

cancer and female breast cancer.  

2. Clinical trials on empagliflozin reported an increase in 

the risk of bladder cancer. 

3. On the contrary, canagliflozin did not increase the overall 

incidence of bladder, breast and renal cancers in a 

pooled analysis of several clinical trials. 

It seems that cancer risk is not “class effect” of SGLT2 

inhibitors.  
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It was possible to support 6-year studies to 

come up with cardiovascular benefits of 

SGLT2 inhibitors but the same companies 

supported one-year follow up to evaluate 

cancer risk…..   



Foot and toe amputation 

On 2017, FDA in its drug safety communication 

indicates the increased risk of leg and foot 

amputation with the use of canagliflozin in type 2 

DM patients on the basis of two large clinical trials. 

  

These trials showed that leg and foot amputations 

occurred about twice as often in patients treated 

with canagliflozin compared to patients treated with 

placebo. 



Bone fracture risk 

SGLT2 inhibitor may elevates the risk of bone fracture and 

decreases the total hip bone mineral density. 

May be secondary to increase phosphate absorption.   

 

One meta-analysis analyzed various randomized 

controlled trials from various sources to analyze bone 

fracture risk of SGLT2 inhibitors and concluded that data 

did not support the bone fracture risk but future monitoring 

for the same should be done. 



SGLT2 inhibitors are not just another 

medication for DM……  

Patient must have:  

Type 2 DM AND ALL of the following:  

1. Inadequate treatment response, intolerance, or 

contraindication to metformin AND ONE of the following 

(alpha-glucosidase inhibitor, DPP-4, TZD, GLP-1 R agonist)  

2. Patient must have a HgbA1C greater than 7.0%  

3. Patient has an eGFR ≥ 60 mL/min/1.73m² OR ≥ 45 

mL/min/1.73m² (according to selected drug and dose) 

4. NO dual therapy with other SGLT2 inhibitors. 



Take-home message  

We are midway in discovering the reality of SGLT2 

inhibitors regarding their risk/benefits and full safety 

profile. 

Until that, the use of SGLT2 inhibitors should be limited 

to their specific indication.  

After initiation of metformin, consider GLP-1RAs in 

patients with CVD of atherosclerotic origin and SGLT2 

inhibitors in patients with diabetes-related HF and/or 

CKD. 



Thank you 


