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Safety

Efficacy

SGLT2i adverse events

 Genital tract infections

 Hypoglycaemia

 Volume depletion

 Acute kidney injury

 Diabetic ketoacidosis

 Fractures

 Lower limb amputations

 Fournier’s gangrene

UNCOMMON

COMMON
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Genital tract infections (GTI) ‐ RCT

• more frequent in women than in man
• often mild to moderate severity
• respond well to conventional therapy
• do not require discontinuation of SGLT2i 

therapy

Radholm et al. Diabetes Res Clin Pract 2018

Meta‐analysis of 82 trials with >50,000 participants
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GTI and duration of follow‐up 

Fadini et al. DOM. 2018
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GTI ‐ effects of SGLT2i/DPP4i association

Fadini et al. DOM. 2018
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GTI ‐ effects of SGLT2i/AHAs association

Fadini et al. DOM. 2018

Therapies GTI RR (95% CI)

SGLT2i/GLP‐1RA vs SGLT2i 0.85 (0.39‐1.87)

SGLT2i/Met vs SGLT2i 0.99 (0.52‐1.87)
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GTI ‐ strategies to improve outcomes

• Genital hygiene

• Adequate idratation

• Avoid tight synthetic underwear

• For candidiasis, use topical antifungal agents (consider treating

partner if recurrent infection)

• DPP4i may moderate the risk of GTI associated with SGLT2i use,

independently from glycemic control, degree of glycosuria

• Direct action of DPP4i on yeasts, moulds, and bacteria?Diapositiva preparata da BENEDETTA BONORA e ceduta alla Società Italiana di Diabetologia. 
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Hypoglycaemia

Vasilakou et al. Ann Intern Med. 2013

• Meta‐analysis of 38 trials with 23,997 participants

• SGLT2i vs placebo OR 1.28 (0.99‐1.65); I2 = 0%

• SGLT2i vs active comparator OR 1.01 (0.77‐1.32); I2 =0%

• Incidence of hypoglycemia was low in most treatment groups,
except for patients receiving a sulfonylurea or insulin as
allocation treatment or background therapy

Consider reducing SU or insulin dose to reduce the risk of hypoglycaemia Diapositiva preparata da BENEDETTA BONORA e ceduta alla Società Italiana di Diabetologia. 
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Volume depletion ‐ RCT

Menne et al. PLoS Med. 2019

Meta‐analysis of 92 trials with >80,000 participants

OR 1.20 (1.10‐1.31)
Diapositiva preparata da BENEDETTA BONORA e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Volume depletion ‐ background therapies

Mayer et al. Kidney Int 2019
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Volume depletion ‐ age subgroups

Cahn et al. Diabetes Care 2020
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Volume depletion ‐ CKD patients
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Serious acute kindey injury (AKI) ‐ RCT

Menne et al. PLoS Med. 2019
OR 0.64 (0.53‐0.78)
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AKI ‐ observational studies

Menne et al. PLoS Med. 2019

OR 0.40 (0.33‐0.48)
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AKI ‐ background therapies

Mayer et al. Kidney Int 2019
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Cahn et al. Diabetes Care 2020

AKI ‐ age subgroups
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AKI ‐ CKD patients
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Volume depletion/AKI

• Meta‐analyses of RCT showed an increased risk of volume depletion in

patients taking SGLT2i

• RCT and CVOTs did not detect an increased risk of acute kidney injury

despite of background therapies acting on kidney hemodynamic

• The safety of SGLT2i was consistent regardless of age and renal function

Caution should be exercise in patients on anti‐hypertensive therapy with

a history of hypotension, in patients with borderline BP and in very

elderly individuals. Stop SGLT2i in conditions that may lead to fluid loss

(e.g. gastrointestinal illness).
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Diabetic ketoacidosis (DKA)
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DKA ‐ FAERS and case report

Fadini et al. Diabetologia 2017

Bonora et al. DOM 2017
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DKA ‐ RCT in T2D

Treatment Events/n° patients Event rate per 
1000 pt/anno

Cana 100 mg 4/5337 0.52

Cana 300 mg 6/5350 0.76

Comparator 2/6909 0.24

Empa 10 mg 5/4558 0.6

Empa 25 mg 2/5520 0.2

Comparator 5/5599 0.4

Dapa 1/5963 0.16

Pool analyses phase III trials

Bonora et al. DOM 2017
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DKA ‐ RCT and real world evidence (RWE)

Author Studies Comparison n° of patients HR (95% CI)

Meta‐analyses

Monami 2017 9 RCT Placebo/AHA 15,553 1.14 (0.45‐2.88)

Observational studies

Wang 2017 US administrative 
database AHA 30,196 pairs 1.91 (0.95‐4.11) 

Fralick 2017 US insurance database DPP4i 38,045 pairs 2.2 (1.5‐2.9) 

Jensen 2017  Registers in Denmark AHA NA 1.6 (0.7‐3.5) 

Kim 2018 Korean Health Insurance 
database DPP4i 56,325 pairs 0.96 (0.58‐1.57) 

Ueda 2018 Sweden and Denmark
registers GLP‐1RA 17,213 pairs 2.14 (1.01‐4.52)

Modified from Scheen et al. Expert Opin Drug Saf 2019
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DKA ‐ RCT in T1D

Treatment Events/n° patients Event rate 100 pt/years

Dapa 5 mg 11/277 4.76

Dapa 10 mg 10/296 3.67

Placebo 5/260 2.15

Treatment Events/n° patients Event rate 100 pz/anno

Empa 10 mg 21/491 5.94

Empa 25 mg 16/489 5.05

Placebo 6/484 1.77

Rosenstock et al. Diabetes Care 2018

Dandona et al. Diabetes Care 2018
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DKA ‐ strategies to improve outcomes

• To date, the exact rate of SGLT2i‐associated DKA is difficult to establish

• SGLT2i‐associated DKA episodes sometimes presented with relatively

low glucose levels because of glycosuria (can delayed recognition and

treatment)

• To minimize the risk:

‐ Stop SGLT2i at least 24 hours prior to elective surgery, planned invasive
procedures, or anticipated severe stressful physical activity

‐ Stop immediately for emergency surgery or any extreme stress event
or any situation that might precipitate DKA including illness

‐ Avoid stopping insulin or decreasing the dose excessively

‐ Avoid excess alcohol intake and very‐low‐carbohydrate/ketogenic diets

‐ Blood ketone testing if patient is feeling sick
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Fractures
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Fractures ‐ CANVAS

Neal et al. N Engl J Med. 2017
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Fractures ‐ others CVOTs

Perkovic et al. N Engl J Med. 2019

Wiviott et al. N Engl J Med. 2019

Empagliflozin
(N=4,687)

Placebo
(N=2,333)

Hazard ratio
(95%CI)

Fractures 179 (3.8) 91 (3.9) 0.98 (0.76–1.25)

Zinman et al. N Engl J Med. 2015
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Fractures ‐ RWE

Cheng L et al. Diabetes & Metabolism 2019

Author Studies Comparison n° of patients HR (95% CI)

Toulis 2018 UK general practice
electronic database DAPA vs AHA 22,618 0.89 (0.66‐1.20)

Ueda 2018 Sweden and Denmark
register SGLT2i vs GLP‐1RA 17,213 pairs 1.11 (0.93‐1.33)

Fralick 2019 2 US insurance database Cana vs GLP‐1RA 79,964 pairs 0.98 (0.75‐1.26)
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Fractures ‐ strategies to improve outcomes

• The use of canagliflozin has been associated with an increased risk of

fractures in CANVAS trial but NOT in other clinical trial or in RWE studies

• Empagliflozin and dapagliflozin were not found to have an increased risk

of fracture

Avoid SGLT2i (canagliflozin?) in patients at very high risk of fracture

(history of osteoporotic fracture). 
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Amputations
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Amputations ‐ CANVAS (1)

Neal et al. N Engl J Med. 2017
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Amputations ‐ CVOTs

Perkovic et al. N Engl J Med. 2019

Amputation 123 (1.4) 113 (1.3) 1.09 (0.84–1.40) 0.53

Wiviott et al. N Engl J Med. 2019

Inzucchi et al. Diabetes Care 2018
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Amputations ‐ RWE

Author Studies Comparison n° of pts HR (95% CI)

Udell 2017 US Department of Defense 
Military Health System SGLT2i vs AHA 25,258 pairs 1.99 

(1.12‐3.51)

Ryan 2018 4 US insurance databases Cana vs AHA 603,685 0.75 
(0.40‐1.41)

Adimadhyam
2018  US administrative database SGT2i vs DPP4i 30,216 pairs 1.38 

(0.83‐2.31)

Yuan 2018 US administrative database Cana vs AHA 63,845 pairs 0.98 
(0.68‐1.41) 

Ueda 2018 Sweden and Denmark
register SGT2i vs GLP‐1RA 17,213 pairs 2.32 

(1.37‐3.91)

Chang 2018 US insurance database SGT2i vs DPP4i 144,892 pairs 1.50 
(0.85‐2.67)

Yang 2019 US insurance database SGLT2i vs DPP4i 165,763 1.69 
(1.20‐2.38)

Modified from Scheen et al. Expert Opin Drug Saf 2019
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Amputations ‐ Pharmacovigilance reports

Fadini et al. Lancet Diab Endocrin 2017

Khouri et al. DOM 2018
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Amputations ‐ strategies to improve outcomes
• The use of canagliflozin has been associated with an increased risk of

lower‐limb amputation in CANVAS trial but NOT in other clinical trial

(amputations were primarily at the level of the toe or metatarsal)

• Empagliflozin and dapagliflozin were not found to have an increased risk

of amputations

• Real world data reported conflicting results

• Signals for empagliflozin and dapagliflozin begin to appear in

pharmacovigilance reports

Avoid SGLT2i in patients with severe PAD, ischemic foot ulcers and history

of amputations

Diapositiva preparata da BENEDETTA BONORA e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Fournier's gangrene
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Fournier's gangrene ‐ RCT

Silverii GA. Diabetes Obes Metab. 2020

Diapositiva preparata da BENEDETTA BONORA e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Fournier's gangrene ‐ RWE

Dave CV et al. AMA Intern Med. 2019
Petruski‐Ivleva N et al. DOM 2020
Wang T et al. Diabetes Ther. 2020

Author Studies Comparator n° of 
patients HR (95% CI)

Dave 2019  3 US insurance databases DPP4i 498,843 1.73 (0.87‐3.42) 

Petruski‐Ivleva
2019 US insurance database AHA 67,994 0.99 (0.35‐2.81) 

Wang 2020 2 US administrative 
databases AHA or insulin 1,296 pairs 0.55 (0.25‐1.18)
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Fournier's gangrene ‐ Pharmacovigilance reports

Fadini GP et al. BMJ Open Diabetes Res Care. 2019

• 64 cases (47 FG, 17 cases of other 
severe AEs of the genital area)

• 77% in men

• 3 patients trated with systemic
immunosuppressive drugs (psoriasis)
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Fournier's gangrene ‐ strategies to improve outcomes

• Extremely rare but can be life threatening and fatal

• Immunosuppressed states may increase the risk such as genital or
urine tract infection, poorly controlled diabetes, severe obesity,
poor hygienic habits

• Perineal hygiene

• Attention in the case of any symptoms of subcutaneous infection
around the genitals (pain, tenderness, erythema, and/or swelling
in the genital or perineal area), accompanied with high fever

• If suspected, prompt hospitalization, treatment with broad‐
spectrum antibiotics, and if required, surgical debridement are
crucial
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Grazie per l’attenzione 
e saluti da Padova
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AKI all events ‐ RCT

Menne et al. PLoS Med. 2019

OR 0.78 (0.69‐0.89)
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DKA ‐ case report

Bonora et al. DOM 2017
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Amputations ‐ CANVAS (2)

Neal et al. N Engl J Med. 2017

Canagliflozin
Per 1000

patient‐years

Placebo
Per 1000

patient‐years

Hazard ratio
(95% confidence  

interval)

History of amputation

Yes 96.30 59.16 2.15 (1.11–4.19)

No 4.68 2.48 1.88 (1.27–2.78)

History of peripheral vascular disease

Yes 12.09 8.16 1.39 (0.80–2.40)

No 5.20 2.41 2.34 (1.53–3.58)
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