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Objectives 

Review the scientific evidence supporting the cardiovascular and 
renal benefits of SGLT2 inhibitors and GLP1-RA.

Improve understanding of the potential adverse effects linked 
with these new medications, enabling safer prescription practices.



Historical Perspectives



Factors affecting the choice of 
antihyperglycemic therapy in T2DM

Efficacy (HbA1c reduction) 

Hypoglycaemia risk 

Effect on weight 

Costs

Side effects 

ÅMetformin 

ÅSulfonylureas 

ÅThiazolidinediones

ÅDDP4-inhibitors 

ÅInsulin 

ÅGLP1-RA



Rosiglitazone was associated with a significant 
increase in the risk of myocardial infarction (43% 
increased risk) and with an increase in the risk of 
death from cardiovascular causes that had 
borderline significance

N Engl J Med 2007; 356:2457-2471



Dec 2008

Diabetes Care 2018;41:14ς31



Design of CVOT

ÅAim ς demonstrates cardiovascular safety (no increase in CV risk compared to 
placebo)

ÅDesign: 

ÅPatients ς established CVD or have risk factors of ASCVD

ÅPrimary outcome ς 3-point MACE (CV death, nonfatal MI, nonfatal stroke)

ÅNon-inferiority study (upper limit of 2-sided confidence interval < 1.3)

ÅDrug vs placebo with no major difference in characteristics between two arms



New Era of Cardiovascular Outcome Trials



Davies et al. Cardiovascular Diabetology (2022) 21:144



SGLT2 inhibitors

Nat Rev Cardiol17, 761ς772 (2020)

SGLT2 inhibitors 
ÅCanagliflozin
ÅDapagliflozin 
ÅEmpagliflozin 
ÅErtugliflozin 
ÅOthers (not licensed by EMA/FDA) ς 

Ipragliflozin, Luseogliflozin, 
Tofofliflozin, Remogliflozin 

Dual SGLT1/SGLT2 inhibitor 
ÅSotagliflozin 



EMPA-REG Outcome 

Primary

Å14% reduction in 3P-MACE 

Å38% reduction in CV death 

ÅNon-fatal stroke - NS

ÅNon-fatal MI ς NS 

Other: 

ÅReduce HHF 

ÅReduce all-cause death 

N Engl J Med 2015; 373:2117-2128



CANVAS

Primary 

Å14% reduction in 3P-MACE

ÅCV death ς NS 

ÅNon-fatal MI ς NS 

ÅNon-fatal stroke ς NS 

Secondary 

ÅBeneficial renal outcome 
(progression of albuminuria 
and composite renal 
outcome) 

ÅReduced HHF 

N Engl J Med 2017; 377:644-657



DECLARE-TIMI 58

Primary

ÅMACE ςNS 

ÅComposite CV death or HHF ς 
27% reduction (mainly driven by 
reduction in HHF)

Other: 

ÅReduced HHF 

ÅRenal benefit 

N Engl J Med 2019; 380:347-357



Subgroup analysis of DECLARE TIMI 58

Circulation. 2019 May 28;139(22):2516-2527.



SGLT2 inhibitors - CVOT

ÅTrials:
ÅEMPA-REG Outcome (Empagliflozin) 
ÅCANVAS Program(Canagliflozin) 
ÅDECLARE-TIMI (Dapagliflozin) 
ÅVERTIS CV (Ertugliflozin)

ÅSummary: 
ÅEmpagliflozin and Canagliflozin decrease atherosclerotic CV morbidity and 

mortality 
ÅDapagliflozin* and Ertugliflozin did not show benefit in 3P-MACE or CV death
ÅIn secondary outcome ς SGLT2i reduced the risk of HHF and showed renal 

benefits



GLP1-RA

Nat Rev Cardiol20, 463ς474 (2023)

Å Twice-daily Exenatide
Å Once-weekly Exenatide
Å Liraglutide 
Å Lixisenatide 
Å Dulaglutide 
Å Semaglutide (SC, oral) 
Å Albiglutide (withdrawn 

from the market) 



LEADER

Primary

Å13% reduction in 3P-MACE 

Å22% reduction in CV death 

ÅNon-fatal stroke - NS

ÅNon-fatal MI ς NS 

Other: 

ÅProtective effect on albuminuria 

ÅReduced all-cause death (15%)

N Engl J Med 2016; 375:311-322



SUSTAIN-6

Primary

Å26% reduction in 3P-MACE 

ÅCV death - NS

Å39% reduction of non-fatal stroke

ÅNon-fatal MI ς NS 

Other: 

ÅProtective effect on albuminuria

N Engl J Med 2016; 375:1834-1844



REWIND

Primary

Å12% reduction in 3P-MACE 

ÅCV death ς NS 

Å24% reduction of non-fatal stroke

ÅNon-fatal MI ς NS 

Other: 

ÅProtective effect on renal 
outcome

Lancet . 2019 Jul 13;394(10193):121-130.



GLP1-RA ς CVOT 

ÅTrials: 
ÅLEADER (Liraglutide) 
ÅSUSTAIN-6 (SC Semaglutide) 
ÅPIONEER-6 (oral Semaglutide)
ÅELIXA (Lixisenatide) 
ÅEXSCEL (once-weekly Exenatide) 
ÅHARMONY Outcomes (Albiglutide) 
ÅREWIND (Dulaglutide) 
ÅFREEDOM-CVO (Exenatide SC implants) 
ÅAMPLITUDE-O (efpeglenatide) 

ÅSummary: 
ÅLiraglutide, SC Semaglutide, Dulaglutide, Albiglutide* and Efpeglenatide* ς reduce 

ASCVD outcomes 
ÅLixisenatide, once-weekly exenatide, continuous exenatide infusion and oral 

Semaglutide ς neutral  



Dipeptidyl peptidase 4 inhibitors (DDP4i)

ÅLƴƘƛōƛǘ 55tп ŀŎǘƛǾƛǘȅ Ҧ ǇǊŜǾŜƴǘ ŘŜƎǊŀŘŀǘƛƻƴ ƻŦ D[tм

Å Sitagliptin 
Å Linagliptin 
Å Saxagliptin
Å Alogliptin 
Å Vildagliptin  



DDP-4 inhibitors

ÅTrials: 
ÅSAVOR-TIMI 53 (Saxagliptin) 

ÅEXAMINE (Alogliptin)

ÅTECOS (Sitaglptin) 

ÅCAROLINA (Linagliptin vs glimpride)

ÅCARMELINA (Linagliptin) 

ÅSummary: 
ÅDDP-4 demonstrates CV safety with no benefits

ÅSaxagliptin increases the risk of hospitalization for heart failure 



Beyond MACE



Additional HF and Renal benefits

ÅInitial CVOT suggested additional benefits on HF and renal outcomes. 

ÅTherefore, dedicated HF outcome trials and renal outcome trials were 
conducted

ÅSome of these studies included patients with and without T2DM



Heart Failure



Davies et al. Cardiovascular Diabetology (2022) 21:144

SGLT2i ς Evidence from CVOT

SGLT2i reduced the risk of HHF by 30-35% 



SGLT2i ς dedicated HF trials

ÅHFrEF ό9C Җ пл҈ύ
ÅDAPA-HF (Dapagliflozin)

ÅEMPEROR-Reduced (Empagliflozin)

ÅHFpEF (EF > 40%)
ÅEMPEROR-preserved (Empagliflozin)

ÅDELIVER (Dapagliflozin)

ÅWorsening HF/Acute HF 
ÅSOLOIST-WHF (Sotagliflozin)

ÅEMPULSE (Empagliflozin)

ÅDICTATE-AHF (Dapagliflozin) 



DAPA-HF

Primary outcome 

Å26% reduction (NNT 21)

Secondary outcome: 

ÅHHFς 30% reduction

ÅCV death ς 18% reduction 

ÅDeath from any cause ς 17% 
reduction

Composite of 
ÅWorsening heart failure (hospitalization or an urgent 

visit resulting in intravenous therapy for heart failure) 
or 

Å CV death.

N Engl J Med 2019;381:1995-2008.



EMPEROR-Reduced

Primary outcome 

Å25% reduction

Secondary outcome: 

ÅHHFς 31% reduction

ÅSlower decline in eGFR

ÅCV death ς NS 

Composite of 
Å Hospitalization for worsening heart failure or 
Å CV death.

N Engl J Med 2020;383:1413-24



EMPEROR-Preserved

Primary outcome 

Å21% reduction

Secondary outcome: 

ÅHHFς 29% reduction

ÅSlower decline in eGFR

ÅCV death ς NS 

Composite of 
Å Hospitalization for heart failure or 
Å CV death.

N Engl J Med 2021;385:1451-61



DELIVER

Primary outcome 

Å18% reduction

Secondary outcome: 

ÅWHF ς 21 % reduction

ÅCV death ς NS 

Composite of 
ÅWorsening heart failure (an unplanned hospitalization 

for heart failure or an urgent visit for heart failure) or
Å CV death

N Engl J Med2022;387:1089-1098



Renal outcome



SGLT2 inhibitors ς Renal outcome in CVOT 

ϝǇ ғ лΦлрΦ Ϟ9ȄǇƭƻǊŀǘƻǊȅ ŀƴŀƭȅǎƛǎ

Davies et al. Cardiovascular Diabetology (2022) 21:144



SGLT2 inhibitors ς Dedicated Renal Trials 

CREDENCE (2.6 y) DAPA-CKD (2.4 y) EMPA-Kidney (2 y)

Canagliflozin vs PlaceboDapagliflozin vs PlaceboEmpagliflozin vs Placebo

Diabetes 100% 67.6% 46%

HF 15% 11% NR

CV disease 50% 37% 26%

Mean eGFR 56 43 37

eGFR range 30-90 25-75 (14% had eGFR 
<30)

20-90 (30% had eGFR < 
30) 

Median UACR mg/g 923 965 331



CREDENCE

Primary composite outcome 

Å30% reduction (NNT 22)

Secondary outcome: 

ÅRenal-specific composite 
outcome ς 34% reduction

ÅESKD ς 32% reduction 

ÅCV death/MI/Stroke ς 20% 
reduction 

ÅHHF ς 39% reduction 
Composite of 
Å End-stage kidney disease (dialysis, transplantation, or a 

sustained estimated GFR of <15 ml/min) or
Å Doubling of the serum creatinine level from baseline or 
Å Death from renal or cardiovascular causes 

N Engl J Med 2019;380:2295-306.



DAPA-CKD

Primary composite outcome 

Å39% reduction (NNT 19)

Secondary outcome: 

ÅRenal-specific composite 
outcome ς 44% reduction

ÅCV death or HHF ς 29 % 
reduction 

ÅDeath from any cause ς 31% 
reduction 

Composite of 
Å Sustained decline in the estimated GFR of at least 50%,
Å End-stage kidney disease (dialysis, transplantation, or a 

sustained estimated GFR of <15 ml/min), or 
Å Death from renal or cardiovascular causes.

N Engl J Med 2020;383:1436-46



EMPA-KIDNEY

Primary composite outcome 

Å28% reduction (NNT 27)

Secondary outcome: 

ÅHospitalization from any cause ς 
14% reduction

ÅCV death or HHF ς NS 

ÅDeath from any cause  ς NS 

Composite of 
Å Progression of kidney disease ς defined as ESKD 

(dialysis or transplant), decrease of GFR of <10 ml/min, 
ŘŜŎǊŜŀǎŜ ƛƴ ǘƘŜ ŜDCw ƻŦ җ пл҈ ƻǊ ŘŜŀǘƘ ŦǊƻƳ ǊŜƴŀƭ 
causes or

Å Death from cardiovascular causes 

N Engl J Med 2023;388:117-27.



GLP1-RA and renal outcome

Davies et al. Cardiovascular Diabetology (2022) 21:144

ϝǇ ғ лΦлрΦ Ϟ9ȄǇƭƻǊŀǘƻǊȅ ŀƴŀƭȅǎƛǎ



FLOW Trial 

ÅSemaglutide in T2DM with CKD 
ÅeGFR 50-75 + UACR 300-5000 mg/g or 

ÅeGFR 25-50 + UACR 100-5000  mg/g 

ÅPrimary outcome ς ŎƻƳǇƻǎƛǘŜ ƻŦ ƪƛŘƴŜȅ ŦŀƛƭǳǊŜΣ җ рл҈ ǊŜŘǳŎǘƛƻƴ ƛƴ 
eGFR, Death from kidney failure, CV death. 

ÅStopped early based on interim analysis demonstrating efficacy

ÅA/W full publication ς ADA 2024 

Eur Heart J Cardiovasc Pharmacother 2024; 10 (1): 7ς9



Paradigm 
Shift in T2DM 
Management

Impact of CVOT



CV risk associated with diabetes

2x fold excess risk of CHD, 
stroke and CV mortality 
independently from other 
conventional risk factors 
compared to people without 
diabetes 

Lancet. 2010;375(9733):2215.



cohort study in 1·9 million 
people (98·2% without 
diabetes, 1.8% with T2DM)

Lancet Diabetes Endocrinol 2015; 3: 105ς13



Davies et al. Cardiovascular Diabetology (2022) 21:144



Effect of CVOT on Diabetes Guidelines

The current guidelines signify a significant shift in the management 
approach for individuals with T2DM

Previous guidelines primarily emphasized the management of 
hyperglycemia, as indicated by HbA1c levels.

Current guidelines broaden their scope to encompass the management of 
cardiorenal risk aiming to reduce CV-related deaths and hospitalizations in 
patients with T2DM.



NICE
2022



Diabetes Care 2022;45(11):2753ï2786

ADA/
EASD 
2022



Safety



SGLT2 inhibitors ς side effects 

ÅMycotic genital infection ς common, more in women  (e.g. ~10% of 
women develops vulvovaginal candidiasis) but usually mild and treatable 

ÅHypotension/volume depletion - esp. in elderly, concomitant ACE 
inhibitors/ARBs/diuretics. 

ÅDKA ς SGLT2i increases risk of DKA (can be euglycaemic) ς 2-fold increase 
compared to other antihyperglycaemic agents, incidence is 0.1-0.6% in 
RCTs 

Å? Amputations (toes and midfoot) ς with canagliflozin* (MHRA/EMA 
warning)

Å¦¢L ŀƴŘ CƻǳǊƴƛŜǊΩǎ ƎŀƴƎǊŜƴŜ (FDA/MHRA warning) 

ÅNo strong evidence ς AKI, fractures



Effect of SGLT2i on eGFR

N Engl J Med 2019;380:2295-306
N Engl J Med 2020;383:1436-46
N Engl J Med 2023;388:117-27.



BMJ2020;371:m4147

SGLT2i and DKA



Avoid DKA with SGLT2i ς Patient selection

ÅAvoid
ÅT1DM
ÅUnwell person (acute infection/sepsis) 
ÅPlanned surgery/procedure (at least one day before surgery)
ÅPatient with previous DKA (unless a clear cause was identified) 
ÅExcess alcohol intake 

ÅCaution  
ÅVLCD or ketogenic diet (delay starting SGLT2i until the diet change) 
ÅPeople with cognitive impairment (may interfere with adequate 

understanding of sick day rules) 
ÅVery high HbA1c (>86 mmol/mol) or symptomatic hyperglycaemia 

Diabetes Ther . 2024 ;15(5):1099-1124.
Guideline for Perioperative Care for People with Diabetes Mellitus Undergoing Elective and Emergency Surgery, 2022



Avoid DKA with SGLT2i ς Patient education 

ÅSymptoms of DKA 
Nausea, vomiting, abdominal pain, difficulty breathing (Kusmmaul breathing), 
sweet smelling (pear-drop) breath

ÅSick day rules (Give written information)
ÅStop the SGLT2i if the patient is 

1. Acute dehydrating illness (e.g. diarrhoea or vomiting) or unable to eat/drink normally. 

2. Fever/infection ς seek medical advice if seriously unwell 

3. Admission for elective surgery or procedure requiring fasting ς omit SGLT2i one day 
before surgery/procedure. 

ÅSGLT2i can be restarted ONLY after the patient starts to eat and drink 
normally for 24 hour and no longer acutely unwell. 



GLP1-RA ς side effects 

ÅGI ς nausea, vomiting and diarrhea 
ÅCommon but tend to improve over time

ÅGradual up-titration is important 

ÅEducate the patient on the difference between satiety (positive) and nausea 
(negative) 

ÅGallstones and cholecystitis

ÅNo evidence 
ÅAcute Pancreatitis 

ÅMedullary thyroid cancer 

ÅWorsening of retinopathy (rapid glycaemic control does!) 



Prescribing 



Which SGLT2-i should I use in T2DM? 

Comorbidities Best agent 

None (SGLT2i used for glycaemic 
control)

Any

Heart failure Dapagliflozin or Empagliflozin

ASCVD Empagliflozin or Canagliflozin 

CKD Canagliflozin, Dapagliflozin or 
Empagliflozin



SGLT2 inhibitors used for Glycaemic control

Daily Dose (once daily)

Canagliflozin ŜDCw җ сл ς  initiate at 100 mg and titrate to 300 mg if needed  
eGFR < 60 ς 100 mg
eGFR < 45 ς low glycaemic efficacy

Dapagliflozin ŜDCw җ пр ς 10 mg 
eGFR < 45 ς low glycaemic efficacy

Empagliflozin ŜDCw җ сл ς  initiate at 10 mg and titrate to 25 mg if needed  
eGFR 30- 60 ς 10 mg once daily.
eGFR < 45 ς low glycaemic efficacy 



Indication Daily Dose (once daily)

C
a
n

a
g

lif
lo

zi
n DKD in T2DM ŜDCw җ ол ς initiate or continue 100 mg 

eGFR < 30 ς Do not initiate. Continue 100 mg if uACR 
җ ол ƳƎκƳƳƻƭ όŎŀƴ ōŜ ŎƻƴǘƛƴǳŜŘ ǘƻ Řƛŀƭȅǎƛǎ ƻǊ ǊŜƴŀƭ 
transplantation)

D
a
p

a
g

lif
lo

zi
n CKD ς eGFR 25-75 ml/min + either 

T2DM or  uACR җ ннΦс ƳƎκƳƳƻƭ
ŜDCw җ мр ς initiate or continue 10 mg 
eGFR < 15 ς do not initiate but can be continuedSymptomatic chronic heart failure (HFrEF and HFpEF) 

in adults with or without diabetes
 

E
m

p
a

g
lif

lo
zi

n CKD ς 
eGFR 20-45 ml/min or 
eGFR 45-90 ml/min + either T2DM or uACR җ ннΦс 
mg/mmol

ŜDCw җ нл ς initiate or continue 10 mg 
eGFR < 20 ς do not initiate but can be continued 

Symptomatic chronic heart failure (HFrEF and HFpEF) 
in patients with or without diabetes

SGLT2 inhibitors for CKD/HF



GLP1-RA and GLP1/GIP-RA 

GLP1-RA Brand name (route) Frequency Dose (mg) Titration schedule 

Liraglutide Victoza (SC) Daily лΦс Ҧ мΦн Ҧ мΦу Weekly 

SC Semaglutide Ozempic (SC) Weekly лΦнр Ҧ лΦр Ҧ м 4-weekly

Oral Semaglutide Rybelsus (oral) Daily о Ҧ т Ҧ мп Monthly  

Dulaglutide Trulicity (SC) Weekly лΦтр Ҧ мΦр Ҧ оΦл Ҧ пΦр 4-weekly

Tirzepatide Mounjaro (SC) Weekly нΦр Ҧ р Ҧ тΦр Ҧ мл ҦмнΦр ҦмрΦл 4-weekly

Avoid in End-stage renal disease (eGFR < 15 ml/min) ς limited experience 

Effect on HbA1c reduction Tirzepatide > Semaglutide > Dulaglutide and Liraglutide 
Effect on weight reduction Tirzepatide > Semaglutide > Liraglutide > Dulaglutide 



Home message (1) 

SGLT2 inhibitors have shown effectiveness in reducing major adverse 
cardiovascular events (MACE), hospitalization for heart failure (HHF), and 
improving kidney outcomes

GLP1-RA demonstrate a reduction in MACE, particularly noteworthy in 
lowering stroke incidence, while emerging evidence suggests renal benefits. 
However, significant benefits in heart failure have not been observed.

Even if HbA1c is within target range, SGLT2 inhibitors should still be prescribed 
for their cardiorenal benefits, if indicated.



Home Message (2)

It's essential for all physicians to proactively consider prescribing these 
medications or liaising with primary care to ensure their prescription.

It's crucial to inform patients about the risk of DKA with SGLT2i and 
provide written guidance on sick day rules. 

SGLT2i should be temporarily withheld during acute illness admissions.



Thank You

Ahmed.Hanafy@nhs.net



Mechanism 
of benefits


