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DISCLAIMER



There is a need for metrics beyond HbA1c to address these
limitations

HbA1c – The gold standard

HbA1c is a poor indicator of  
glucose variability

Potential confounding by some  
conditions (e.g. renal failure)

Only provides an average  
measure of glycemia

Easy to measure and
standardize

Relatively cheap

Predictive of vascular  
complications

Often used to guide  
management decisions
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Patterns of blood glucose control

Blood glucose excursions in 3 hypothetical patients who have the same mean blood glucose concentration of 
approximately 200 mg/dL (11.1 mmol/L, equivalent to an A1C value of approximately 8.2%) but who have different 
overall blood glucose control
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AGP report

Image: http://www.agpreport.org/agp/agpreports

Metrics and  
targets

AGP profile  

(13 days)

Daily views

AGP benefits:

✓ Standardized and  
organized CGM data

✓ User-friendly / time-

saving

TIR – HbA1c correlation1

TIR 70% ≈ HbA1c 7%

TIR 50% ≈ HbA1c 8%

10% ΔTIR ≈ 0.5% ΔHbA1c

http://www.agpreport.org/agp/agpreports


CGM TIR targets for most with T1D and T2D

TIR >70%

TAR <25% >180 mg/dl

>10.0 mmol/l

T1D and T2D
TAR <5% >250 mg/dl

>13.9 mmol/l

TBR <4%

TBR <1%

70–180 mg/dl

3.9–10.0 mmol/l

<70 mg/dl

<3.9 mmol/l

<54 mg/dl

<3.0 mmol/l

High risk individuals (with complications or comorbidities & pregnancy) have different targets  

Battelino T, et al. Diabetes Care 2019;42:1593–603



Clinical Targets for Continuous Glucose Monitoring Data interpretation: Recommendations 
From the International  Consensus on Time in Range Diabetes Care 2019 Aug; 42(8): 1593-
1603.



AGP report

Image: http://www.agpreport.org/agp/agpreports
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Correlation with HbA1C:

•TIR 70%: A1C 7% 
•TIR 50%: A1C 8%

•Increase of TIR by 10% - decreases A1C by 0.5%
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What are we striving for in a CGM/AGP profile? FNIR

Flat, not narrow, not in range

Flat, narrow, not in range

Flat, narrow and in range!
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CGM / AGP can help us navigate the waters of diabetes management

Take home points

HbA1c: A good indicator of population risk of diabetes  

complications but not a good glucose management guide

70% TIR

No hypo

1

2 CGM:

− Metrics, targets & the AGP report are nowstandardized  

and endorsed by ADA, EASD, JDRF and others

− CGM data tells a story to allow care to be personalised  

through interventions including change in lifestyle and  

medications, use of technology and possibly adjunctive  

therapy



RCT EVIDENCE ON TIME-IN-RANGE IN TYPE 
1 DIABETES (in Range Study)

The primary objective of InRange (NCT04075513) was to demonstrate 

non-inferiority of Gla-300 versus IDeg-100 on glycaemic control, as 

measured by TIR and variability, using blinded CGM in adults with T1D

Tadej Battelino, MD, PhD1, Thomas Danne, MD2, Steve V. Edelman, MD3, 
Pratik Choudhary, MD4, Eric Renard, MD5, Jukka Westerbacka, MD, PhD6, 
Bhaswati Mukherjee, MD6, Valerie Pilorget, MD6, Pascaline Picard, MSc7, R
ichard M. Bergenstal, MD8



1. Mobasseri et al, Health Promotion Perspectives, 2020;10(2),98-115; 2. Liu, J., et al. BMC Public Health 2020;20:1415
T1D, type 1 diabetes

Background and rationale
Background and rationale

• Affects ~10% of the diabetes population1

• Incidence: 15 per 100,000 people1

• Prevalence: 9.5 per 10,000 people1

Global burden of T1D Incidence of T1D 

is increasing globally2

291,000

400,000

1990

2017



1. Lachin J.M., et al., Diabetes Care 2021;44:2225-2230; 2.. Anderbro, T., et al., Diabet Med 2010;27(10):1151-1158; 3. Pettus J.H., et al., Diabetes Obes 
Metab 2020;22:622-630; 4. Renard, E., et al., Diabetes Metab Res Rev. 2021;37(7):e3430.

SD, standard deviation; T1D, type 1 diabetes

Background and rationale
Background and rationale

Earlier implementation of intensive therapy in T1D is associated with greater reduction in 

risk of macrovascular and microvascular complications1

• Increased risk of hypoglycaemia may present a barrier to achieving 

appropriate glycaemic control2

• A recent US study of electronic health records from >30,000 people with T1D 

found that 80% had HbA1c ≥7.0 %, with mean HbA1c of 8.8 %3

• The global SAGE study found less than 25% of people with T1D had HbA1c

<7.0 % (mean HbA1c 7.95 %), with differences across regions4



1. Heise, T., et al. Expert Opin Drug Metab Toxicol 2015;11(8):1193-201; 2. Becker, R. H. A., et al., Diabetes Care 2015;38:637–643; 3. Beck, R.W., et al., 

JAMA 2017;317(4):371-378. 4. Mangrola, D., et al., Endocr Pract 2018;24:47-52
BI, basal insulin; CGM, continuous glucose monitoring; Gla-100, insulin glargine 100 U/mL; Gla-300, insulin glargine 300 U/mL; IDeg-100, insulin degludec 100 U/mL; RCT, 

randomised controlled trial; T1D, type 1 diabetes; TIR, time in range

Background and rationale
Background and rationale

• Second-generation BI analogues Gla-300 and IDeg-100 offer more stable and prolonged 

pharmacokinetic and pharmacodynamic profiles versus the first-generation Gla-100, with less 

hypoglycaemia1,2

• There are limited data available directly comparing Gla-300 and IDeg-100, in people with T1D and 

no RCTs using CGM-derived time in range (TIR) as the primary endpoint 

• Use of CGM is associated with improved metabolic control in adults with diabetes versus standard 

blood glucose monitoring3

• It has been shown that standard blood glucose monitoring underestimates hypoglycaemia and 

hyperglycaemia versus CGM4

• CGM metrics can be used to compare different treatment options in clinical trials



Randomisation stratified by screening HbA1c values of <8.0 % vs ≥8.0 %; †Telephone calls by investigators to monitor insulin titration weekly between site visits for all participants, 
unless participants attended the study site for sensor replacement (participant had option to visit the site on day –10 and 74 for sensor replacement). BI dose adjustments were based 

on a median of fasting SMPG values from last 3 days. Mealtime insulin dose adjustments were based on a pattern of post-meal SMPG data from last 3 days OR the carbohydrate 
content of the meal. ‡Baseline CGM data collection was started in W –3 and stopped at randomization visit. Endpoint CGM data was collected over 20 consecutive days during W10–

W12
CGM, continuous glucose monitoring; Gla-300, insulin glargine 300 U/mL; IDeg-100, insulin degludec 100 U/mL; MDI, multiple daily injections; R, randomisation; SMPG, self-measured 

plasma glucose; T1D, type 1 diabetes

Primary and main 
secondary endpoint 

measured 
at W12

Basal insulin titration
(0–8 weeks)†

Blinded CGM
(20 days)‡

Study design
12-week, multicentre, randomized, active-controlled, parallel-group, open-label study

Study design

Gla-300: Open-label treatment period (12 weeks)†

IDeg: Open-label treatment period (12 weeks)†

• During the titration period, doses of Gla-300 or IDeg-100 were titrated to achieve the target fasting self-measured 

plasma glucose (SMPG) of ≥70 to <100 mg/dL 

• Mealtime insulin analogue was titrated to achieve 2-hour post-prandial SMPG target of ≥130 to ≤180 mg/dL while 

avoiding hypoglycaemia

• CGM data was blinded to both investigators and participants

• Post-treatment safety information was collected 2–4 days after the last insulin dose

Insulin stabilisation
(W −4/−3)

Blinded CGM
(20 days)‡

(before randomization)

RRun-in (4 weeks) 
Screening
(1–2 weeks) 

Study population (N=343)

• Adults aged 18–70 years with T1D

• HbA1c ≥7 % to ≤10 % 

• MDI regimen with any

– Basal insulin analogue

– Rapid-acting insulin analogue

• No Gla-300 or IDeg-100 in last 30 days



Non-inferiority was tested after multiplicity adjustment with a one-sided type I error of 2.5%, with a relative non-inferiority margin of 10% (note: not difference in %-units). 
Statistics for all other endpoints were for descriptive purposes only

CV, coefficient of variation; Gla-300, insulin glargine 300 U/mL; IDeg-100, insulin degludec 100 U/mL; TIR, time in range

Study endpoints
Study design

% TIR ≥70 to ≤180 mg/dL at Week 12

Primary endpoint

Glucose total CV at Week 12 (as a measure 
of glycaemic variability)

Main secondary endpoint

Hierarchical testing procedure

Demonstrate non-inferiority of Gla-300 vs IDeg-100 
on primary endpoint

Step 1

Demonstrate superiority of Gla-300 
over IDeg-100 on primary endpoint

Step 3

Demonstrate non-inferiority of Gla-300 vs IDeg-100 
on main secondary endpoint

Step 2



ADA, American Diabetes Association; SMPG, self-measured plasma glucose; TAR, time above range; TBR, time below range

Other study endpoints
Study design

Descriptive statistics presented for other efficacy and safety variables

• Changes in HbA1c

• % TAR per day >180 mg/dL at Week 12

• % TBR per day <70 mg/dL at Week 12

Secondary efficacy endpoints

• Incidence and event rates of hypoglycaemia  

(defined by SMPG)

− Nocturnal/diurnal

− <70 mg/dL

− <70 mg/dL and ≥54 mg/dL (ADA Level 1)

− <54 mg/dL (ADA Level 2) 

− Severe (ADA Level 3)

• Incidence of adverse events

• Changes in insulin dose

Safety/other endpoints:



Gla-300, insulin glargine 300 U/mL; IDeg-100, insulin degludec 100 U/mL; ITT, intention-to-treat

Study disposition
Results: Study population

Discontinued treatment n=8

Lack of efficacy (n=1)
Withdrawal by subject (n=2)
Other (n=5)

Discontinued treatment  n=4

Withdrawal by subject (n=2)
Other (n=2)

Completed treatment n=164 (95.3%)

Completed study n=165 (95.9%)

Completed treatment n=167 (97.7%)

Completed study n=167 (97.7%)

Randomised and treated
n=343

Gla-300
n=172

IDeg-100
n=171

All patients randomised were treated as planned and were included in the safety and ITT populations



BI, basal insulin; BMI, body mass index; Gla-300, insulin glargine 300 U/mL; IDeg-100, insulin degludec 100 U/mL; SD, standard deviation; T1D, type 1 diabetes.

Baseline characteristics
Results: Study population

Baseline Characteristic
Gla-

300 (N=172)

IDeg-100 

(N=171)

All

(N=343)

Age, years, mean (SD) 42.9 (13.53) 42.8 (13.05) 42.8 (13.28)

Sex, female, n (%) 86 (50) 74 (43.3) 160 (46.6)

Body weight, kg, mean (SD) 80.5 (15.95) 78.8 (14.57) 79.6 (15.28)

BMI, kg/m2, mean (SD) 27.6 (5.07) 27.0 (4.44) 27.3 (4.77)

Time since T1D diagnosis, years, mean (SD) 20.74 (12.47) 20.31 (13.12) 20.53 (12.78)

HbA1c ≥8 %, n (%) 106 (61.6) 106 (62.0) 212 (61.8)

Age at diagnosis, years, mean (SD) 22.74 (13.22) 23.14 (12.84) 22.94 (13.01)

Time since first intake of BI analogue treatment, years, mean (SD) 8.08 (6.20) 9.05 (6.26) 8.56 (6.24)

Time since first intake of mealtime insulin analogue treatment, years, mean (SD) 8.56 (7.22) 9.78 (7.28) 9.17 (7.27)

Baseline characteristics were comparable between groups



Gla-300, insulin glargine 300 U/mL; IDeg-100, insulin degludec 100 U/mL

Baseline characteristics
Results: Study population

Baseline Characteristic
Gla-

300 (N=172)

IDeg-100 

(N=171)

All

(N=343)

Diabetic complications, n (%)

At least one 60 (35.1) 55 (32.5) 115 (33.8)

Diabetic retinopathy 30 (17.5) 36 (21.3) 66 (19.4)

Non-proliferative diabetic retinopathy 25 (14.6) 31 (18.3) 56 (16.5)

Proliferative diabetic retinopathy 4 (2.3) 5 (3.0) 9 (2.6)

Diabetic neuropathy 32 (18.7) 32 (18.9) 64 (18.8)

Diabetic nephropathy 13 (7.6) 8 (4.7) 21 (6.2)

Baseline characteristics were comparable between groups



BI, basal insulin; CV, coefficient of variation; Gla-300, insulin glargine 300 U/mL; IDeg-100, insulin degludec 100 U/mL; MDI, multiple daily injections; RCT, randomised controlled trial; 
T1D, type 1 diabetes; TIR, time in range

The InRange study is the first RCT comparing second-generation BI analogues, Gla-300 
and IDeg-100, in T1D using TIR as the primary endpoint

Primary endpoint met Main secondary endpoint met Hypoglycaemia and safety profile

Non-inferiority for

glycaemic variability (total 

glucose CV)

Non-inferiority for 

glycaemic control
(% TIR)

Similar occurrences of 

hypoglycaemia, with no 

unexpected safety 

findings

Conclusions and clinical implications

Gla-300 is non-inferior to IDeg-100 in people with T1D in terms of glycaemic control (TIR), and 

in terms of glycaemic variability, with no difference in occurrences of hypoglycaemia or safety 

profiles



CGM, continuous glucose monitoring; Gla-300, insulin glargine 300 U/mL

Observations from InRange
Conclusions and clinical implications

CGM as an outcome measure can be clinically useful – can studies like this make it useful from a 
regulatory standpoint? 

HbA1c dropped from 8.34 / 8.29 % to 7.38 / 7.51 % with targeted dose titration

• Result of lower variability?

• Why can’t we replicate that in clinical care? 

Total daily dose didn’t change much (from approx. 0.6 U/kg)

• Slight increase in Gla-300 dose as expected

Hypoglycaemia was similar to that reported in many clinical studies

• Severe hypoglycaemia was very low (<6% patients; <30 events / 100 patient year) 

CGM was NOT used clinically to titrate insulin – so there are even better results to be achieved



CGM summary 

•?way forward
•insulin requiring diabetes 
•and /or those at risk for hypoglycaemia 

•NB:
•it’s a tool… can’t simply buy it and slap it on! 
•patient to ‘own’ their diabetes management 
•understand concepts: TIR / interpret graphs and CGM daily profile
•clear clinical targets set 



Dr joanna Skelton

Endocrinologist and Diabetologist, KZN
CVR 0722002

The Diabetic with 
Heart Failure 



DISCLAIMER: 

“This presentation is intended for educational purposes only and
does not replace independent professional judgment.

Statements of fact and opinions expressed are those of the
speaker and, unless expressly stated to the contrary, not the
opinions or position of AstraZeneca.

AstraZeneca does not endorse or approve, and assumes no
responsibility for, the content, accuracy or completeness of the
information presented.”.



The Definition  



CAD, coronary artery disease; T2D, type 2 diabetes

McMurray JVV et al. Lancet Diabetes Endocrinol 2014;2:843

Stretched and dilated 

chambers

Stiffened and thickened 

chambers

left ventricular heart failure

Failure of 

normal 

relaxation 

and filling

Failure of 

normal 

contraction 

and 

emptying

Systolic dysfunctionDiastolic dysfunction

Hypertension 
Myocardial 

infarction

Diabetes is a 

risk factor for 

diastolic 

dysfunction



The new universal definition of heart failure classifies 
the different phenotypes according to LVEF

LVEF

EF, ejection fraction; LVEF, left ventricular ejection fraction.

Bozkurt B et al. Eur J Heart Fail. 2021;23:352.

≤40% 41–49% ≥50%

HF with reduced EF
(HFrEF)

HF with preserved EF
(HFpEF)

HF with improved EF
(HFimpEF)
HF with a baseline LVEF ≤40%, a ≥10-point increase
from baseline LVEF, and a second measurement of LVEF >40%

HF with mildly reduced EF
(HFmrEF)



WHY WORRY?



Diabetic Cardiomyopathy1

T2D Contributes to Early Cardiac 
Dysfunction 

68% of patients with T2D for a 
median of 5 years had 
evidence of asymptomatic
LV dysfunction6,a

• RAAS activation

• Arterial stiffness
• Fluid expansion

• HTN
• Renal hyperfiltration

aProspective study in Italy, evaluating clinical and echocardiographic characteristics of individuals with T2D (N=386) who were determined to be free from cardiac disease. Median duration of diabetes was 5 years; mean A1C was 
7.1%; bACC/AHA Stage C/D HF.7

A1C=glycated hemoglobin; ACC=American College of Cardiology; AHA=American Heart Association; HFpEF=heart failure with preserved ejection fraction; 
HFrEF=heart failure with reduced ejection fraction; RAAS=renin-angiotensin-aldosterone system. 

1. Dunlay SM et al. Circulation. 2019;140(7):e294-e324; 2. Standl E. Diabetes Mellitus. 2018;21(5):399-403; 3. Low Wang CC et al. Circulation. 
2016;133(24):2459-2502; 4. Ofstad AP et al. 
Heart Fail Rev. 2018;23(3):303-323; 5. Devereux RB et al. Circulation. 2000;101(19):2271-2276; 6. Faden G et al. Diabetes Res Clin Pract. 
2013;101(3):309-316; 7. Yancy CW et al. J Am Coll Cardiol. 2013;62(16):e147-e239; 8. American Diabetes Association. Diabetes Care. 2020;43(suppl 
1):S1-S212.

Downstream Effects of T2D1-5

48

HFpEFHFrEF

Up to 

1 in 2
patients with 

T2D may 

develop HF8





Just treat the sugar… 



While Glucose Control is Fundamental to the 
Management of T2D, 

It Does Not Reduce the Risk of HF Events

A1C = glycosylated hemoglobin; ACCORD = Action to Control Cardiovascular Risk in Diabetes; ADVANCE = Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified Release Controlled 
Evaluation; HF = heart failure; HR = hazard ratio; T2D = type 2 diabetes; UKPDS = UK Prospective Diabetes Study; VADT = Veterans Affairs Diabetes Trial.

Turnbull FM et al. Diabetologia. 2009;52:2288-2298.

Trials

Number of Events
(annual event rate, %)

Change in 
A1C (%)  HR (95% CI)

More 
intensive

Less 
 intensive

Hospitalized/Fatal HF

UKPDS 8 (0.06) 6 (0.11) –0.66 0.55 (0.19–1.60)

ACCORD 152 (0.90) 124 (0.75) –1.01 1.18 (0.93–1.49)

ADVANCE 220 (0.83) 231 (0.88) –0.72 0.95 (0.79–1.14)

VADT 79 (1.80) 85 (1.94) –1.16 0.92 (0.68–1.25)

Overall 459 446 –0.88
1.00 (0.86–1.16)
(Q=3.59, p=0.31, 

I2=16.4%)
0.5 1.0 2.0

Favors More Intensive Favors Less Intensive

51



‘CV BENEFIT’



CV, cardiovascular; T2D, type 2 diabetes

1. Booth GL et al. Lancet 2006;368:29; 2. Morrish NJ et al. Diabetologia 2001;44(Suppl 2):S14 3. das sr et al JACC , 2 0 1 8 : 3 

2 0 0 – 2 3

CV disease occurs early and is the leading cause of mortality in 
patients with T2D 

CV disease can occur 

10−15 years earlier 
in patients with diabetes compared 

with those without diabetes1

Despite advances in standard 

of care, most patients with T2D 

die from CV disease2



2 Entities: 
CV Death
H - HF (diastolic (PEF) / Systolic (REF))



Science…



Benefits:
in terms of CVD



See slide notes for footnotes

Comparison of studies should be interpreted with caution due to differences in study design, populations and methodology

CV, cardiovascular; CVOT, cardiovascular outcomes trial; eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney 

disease; HHF, hospitalisation for heart failure; 

RRT, renal replacement therapy; SGLT2, sodium-glucose co-transporter-2; T2D, type 2 diabetes; UACR, urine albumin-to-creatinine 

ratio

1. Zinman B et al. N Engl J Med 2015;373:2117; 2. Wanner C et al. N Engl J Med 2016;375:323; 3. Neal B et al. N Engl J Med 

2017;377:644; 4. Radholm K et al. Circulation 2018;138:458–68; 5. Wiviott SD et al. N Engl J Med 2019;380:347; 6. Mosenzon O et 

al. Lancet Diabetes Endocrinol 2019;7:606; 7. Cannon CP et al. N Engl J Med 2020;383:1425

EMPA-REG 
OUTCOME*1,2

(empagliflozin)

CANVAS Program3,4

(canagliflozin)

DECLARE-
TIMI 585,6

(dapagliflozin)

VERTIS CV7

(ertugliflozin)

HHF 35%† 33%† 27%‡ 30%‡

CV death 38%† 13%‡ 2%‡ 8%‡

Kidney 
outcome§ 39%† 40%‡ 47%† 19%‡

In CVOTs, SGLT2 inhibitors have demonstrated 
multiple 

cardio–renal benefits in patients with T2D and 
high CV riskp<0.05 and/or upper 95% CI 

p≥0.05 and/or upper 95% CI ≥1



CV, cardiovascular; eCVD, established CV disease; MACE, major CV events; SGLT-2i, sodium glucose co-transporter 2 inhibitor; T2D, type 2 diabetes
1. Einarson TR, et al. Cardiovasc Diabetol 2018;17:83; 2. Zinman B, et al. N Engl J Med 2015;373:2117–2128; 3. Neal B, et al. N Engl J Med 2017;377:644–657; 
4. Raz I, et al. Diabetes Obes Metab 2018;20:1102–1110; 5 Wiviott SD et al. Online ahead of print. N Engl J Med. 2018 

CANVAS3

DECLARE4,5

>99% eCVD
N=~6,950

EMPA-REG OUTCOME2

~65.6% eCVD
N=6,656

~34.4% MRF
N=3,486

(N=7,020)

(N=10,142)

(N=17,160)
~40.6% eCVD
N=6,974

~59.4% MRF
N=10,186

Placebo MACE 

rate

43.9/1000 pt-yrs

Placebo MACE 

rate

24.2/1000 pt-yrs

Placebo MACE 

rate

31.5/1000 pt-yrs



Benefits:
In terms of H - HF



Dapagliflozin…



DAPA-HF: Dapagliflozin And Prevention of 
Adverse-outcomes in Heart Failure Trial

Study design



Assessing Dapagliflozin in Patients with 
Chronic HFrEF With or Without T2D1-4

CV = cardiovascular; eGFR = estimated glomerular filtration rate; ESRD = end stage renal disease; HbA1c = glycated hemoglobin; HF = heart failure; HFrEF = heart failure with reduced ejection fraction; 
hHF = hospitalization for heart failure; KCCQ = Kansas City Cardiomyopathy Questionnaire; LVEF = left ventricular ejection fraction; NT-proBNP = N-terminal pro B-type natriuretic peptide; NYHA = New York Heart 

Association; SoC = standard of care; T2D = type 2 diabetes.
1. McMurray JJV et al. Article and supplementary appendix. Eur J Heart Fail. 2019;21:665-675; 2. McMurray J. Presentation at: European Society of Cardiology Congress. September 1, 2019; Paris, 

France; 3. Study NCT03036124. ClinicalTrials.gov website. Accessed August 19, 2019. 4. McMurray JJV et al. Eur J Heart Fail. 2019;doi: 10.1002/ejhf.1548. Accessed July 16, 2019.

Target primary endpoint events: 

8441

Median follow-up: 18.2 months2

Placebo 
+ standard of care

Dapagliflozin 10 mg 
+ standard of care

1
:1 D

o
u

b
le

-b
li

n
d

4744 patients
• ≥18 years of age 

• With or without T2D

• Diagnosis of symptomatic HFrEF 
(NYHA class II-IV) for ≥ 2 months

• LVEF ≤40% within last 12 
months

• Elevated NT-proBNP 

• eGFR ≥30 ml/min/1.73 m2

• Stable SoC HFrEF treatment

Visit 1 

(enrollment)

Day -14

Visit 2 (randomization)

Day 0
Visit 6, etc.

Every 120 days

Visit 5

Day 120

Visit 3

Day 14
Visit 4

Day 60

Secondary Endpoints

• Time to first occurrence of either of the components of the 
composite: CV death or hHF

• Total number of (first and recurrent) hHF and CV death
• Change from baseline measured at 8 months in the total symptom 

score of the KCCQ
• Time to first occurrence of any of the components of the 

composite: ≥50% sustained decline in eGFR or reaching ESRD or 
renal death

• Time to death from any cause

Primary Endpoint

• Time to first occurrence of 

any of the components of the 

composite: CV death or hHF 

or an urgent HF visit



Dapagliflozin Significantly Reduced the 
Relative Risk of CV Death or Worsening HFa on 
Top of Standard of Care by 26%1

aWorsening HF includes hHF or urgent HF visit. 
ARR = absolute risk reduction; CV = cardiovascular; DAPA = dapagliflozin; HF = heart failure; hHF = hospitalization for heart failure; 

HR = hazard ratio; NNT = number needed to treat; RRR = relative risk reduction.
1. McMurray JJV et al. N Engl J Med. 2019;381:1995-2008; 2. Sabatine MS et al. Presented at: AHA Scientific Sessions; November 16-

18, 2019; Philadelphia, PA.
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HR (95% CI)
0.74 (0.65–

0.85)

p-value
<0.001

26%
RRR

4.9% ARR

NNT=21 

Number at 
Risk

Primary 

endpoint was 

statistically 

significant as 

early as Day 282



Individual Components of the Primary 
Endpoint Were Significantly Reduced With 
Dapagliflozin1,2

aWorsening HF includes hHF or urgent HF visit. 
ARR = absolute risk reduction; CV = cardiovascular; DAPA = dapagliflozin; HF = heart failure; HR = hazard ratio; PBO 

= placebo; RRR = relative risk reduction. 
1. McMurray JJV et al. N Engl J Med. 2019;381:1995-2008; 2. McMurray J. Presented at: ESC Congress; August 31-

September 4, 2019; Paris, France.
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Worsening HF Eventa CV Death

DAPA PBO HR (95% CI) p-value2

10.0% 13.7% 0.70 (0.59-0.83) 0.00003

30%

RRR

ARR 3.7%

18%

RRR

ARR 1.9%

DAPA PBO HR (95% CI) p-value2

9.6% 11.5% 0.82 (0.69-
0.98)

0.029



Empagliflozin…



EMPEROR-Reduced 



*Guideline-directed medical therapy

CV, cardiovascular; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated glomerular filtration rate; HF, heart failure; HHF, 

hospitalisation for heart failure; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; qd, once daily; SOC, standard of care; T2D, type 

2 diabetes

1. ClinicalTrials.gov. NCT03057977 (accessed Jan 2021); 2. Packer M et al. Eur J Heart Fail 2019;21:1270; 3. Packer M et al. N Engl J Med 2020;383(15):1413.

EMPEROR-Reduced
Phase III randomised double-blind placebo-controlled trial

Aim: To investigate the safety and efficacy of empagliflozin versus placebo on top of guideline-directed 
medical therapy in patients with HF with reduced ejection fraction

Population: T2D and non-T2D, aged ≥18 years, chronic HF (NYHA class II–IV)

EMPEROR-Reduced
LVEF ≤40%

3730 patients

Median follow-up = 16 months 
(event-driven)

Placebo qd + SOC*

Empagliflozin 10 mg qd + SOC* 

COMPOSITE PRIMARY ENDPOINT 

Time to first event of adjudicated CV 

death or adjudicated HHF 

SECONDARY ENDPOINTS

• First and recurrent adjudicated HHF 

events

• Slope of change in eGFR (CKD-EPI) 

from baseline

Confirmatory endpoints1,2Study design1-3



*The cut-off for patients with AF is doubled in EMPEROR-Reduced 

Trial inclusion and exclusion criteria

Inclusion criteria1,2 Exclusion criteria1,2

Age ≥18 years (Japan, age ≥20 years) at 
screening

MI, coronary artery bypass graft surgery or 
other major CV surgery, stroke or TIA ≤90 days 

before Visit 1Chronic HF NYHA class II−IV 

Heart transplant recipient, or listed for heart 
transplant

HFrEF (LVEF ≤40%) and elevated NT-proBNP

EF (%)
NT-proBNP (pg/ml)

Patients without AF*
Acute decompensated HF

≥36 to ≤40 ≥2500

≥31 to ≤35 ≥1000
SBP ≥180 mmHg at Visit 2≤30 ≥600

Dose of medical therapy for HF that is 
consistent with CV guidelines stable for ≥1 

week prior to screening and throughout 
screening period

Symptomatic hypotension and/or a SBP <100 
mmHg

eGFR <20 ml/min/1.73 m2 or requiring dialysis

Further inclusion criteria apply Further exclusion criteria apply



Primary endpoint: First adjudicated CV death or 
hospitalisation for heart failure 

Placebo

Empagliflozin

Days after randomisation
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HR 0.75
(95% CI 0.65, 0.86)

p<0.001

Empagliflozin: 

361 patients with event
Rate: 15.8/100 patient-

years

Placebo: 
462 patients with event

Rate: 21.0/100 patient-
years
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Patients at risk

Placebo

Empagliflozin
1867 1715 1612 1345 1108 854 611 410 224 109
1863 1763 1677 1424 1172 909 645 423 231 101

NNT = 19
RRR
25%

ARR
5.2%

Cox regression model including covariates age, baseline eGFR, geographic region, baseline diabetes status, sex, LVEF and treatment

ARR, absolute risk reduction; CI, confidence interval; CV, cardiovascular; eGFR, estimated glomerular filtration rate; HR, hazard ratio;

LVEF, left ventricular ejection fraction; NNT, Number needed to treat; RRR, relative risk reduction. 

Packer M et al. N Engl J Med 2020;383(15):1413.



Analysis of first and recurrent HHF accounting for CV death as terminal event using a joint frailty model. Model includes covariates age, baseline eGFR, 

treatment, region, baseline diabetes status, sex, and baseline LVEF, estimated dependence between adjudicated HHF and adjudicated CV death, and 

variance of frailty. CI, confidence interval; CV, cardiovascular; eGFR, estimated glomerular filtration rate; HHF, hospitalisation for heart failure; HR, hazard 

ratio; LVEF, left ventricular ejection fraction

Packer M et al. N Engl J Med 2020;383(15):1413.

Key secondary: Adjudicated total hospitalisations for 
heart failure (first and recurrent)

Placebo

Empagliflozin
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HR 0.70
(95% CI 0.58, 0.85)

p<0.001

Emagliflozin: 388 events

Placebo: 553 events

RRR
30%

70



EMPEROR- Preserved



*Randomized, double-blind, placebo-controlled trial.

CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated glomerular filtration rate; NYHA, New York Heart Association; OD, once daily.

Anker S et al. N Engl J Med. 2021;XX:XXX.

EMPEROR-PRESERVED STUDY DESIGN
Phase III trial* in patients with HFpEF

Aim: To investigate the safety and efficacy of empagliflozin versus placebo in patients with HF with 
preserved ejection fraction

Population: T2D and non-T2D, aged ≥18 years, chronic HF (NYHA class II–IV)

Median follow-up 26.2 months

EMPEROR-Preserved
LVEF >40%

5988 patients
Placebo

Empagliflozin 10 mg OD

CONFIRMATORY KEY SECONDARY 
ENDPOINTS

• First and recurrent adjudicated HHF

• Slope of change in eGFR (CKD-EPI) from 
baseline

COMPOSITE PRIMARY ENDPOINT 

• Time to first event of adjudicated CV death 

or adjudicated HHF 



EMPEROR-PRESERVED:
INCLUSION AND EXCLUSION CRITERIA

Inclusion criteria Exclusion criteria 

• Age ≥18 years
• Chronic HF NYHA class II−IV
• LVEF >40%
• NT-proBNP:

• >300 pg/mL in patients without 
AF

• >900 pg/mL in patients with AF
• Structural changes in the heart 

(increases in left atrial size or left 
ventricular mass) or HHF within 12 
months of screening

• MI, coronary artery bypass graft 
surgery or other major CV surgery, 
stroke or TIA 
≤90 days before visit 

• Heart transplant recipient, or 
listed for heart transplant

• Acute decompensated HF
• SBP ≥180 mmHg at randomization
• Symptomatic hypotension and/or 

SBP <100 mmHg
• eGFR <20 mL/min/1.73 m2 or 

requiring dialysis

Further criteria apply

SBP, systolic blood pressure; TIA, transient ischaemic attack. 

Anker S et al. N Engl J Med. 2021;XX:XXX.
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EMPAGLIFLOZIN DEMONSTRATED A CLINICALLY MEANINGFUL 21% RRR IN THE COMPOSITE 
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(95% CI: 0.69, 0.90)

p<0.001

Empagliflozin: 

415 (13.8%) patients with 
event

Rate: 6.9/100 patient-years
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511 (17.1%) patients with 

event
Rate: 8.7/100 patient-years

NNT*=31
RRR
21%

ARR
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still to come…



Dapagliflozin Evaluation to Improve the Lives of Patients With Preserved Ejection Fraction Heart Failure1,2

aPatients with an LVEF <40% before the qualifying LVEF measurement could be included; bLV hypertrophy or LA enlargement; 
cBased on Chronic Kidney Disease-Epidemiology Collaboration Equation; dIncluding diuretics; eStratified by T2D status 
(established diagnosis/HbA1c ≥6.5% at enrollment).
1. Solomon SD et al. Eur J Heart Fail. 2021;23(7):1217-1225; 2. Solomon SD et al. JACC Heart Fail. 2022;10(3):184-197.

Placebo 
+ standard of care

Dapagliflozin 10 mg 
+ standard of care

1
:1 ra
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n
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6263 Patients
• ≥40 years of age with or without T2D 

• LVEF >40%a and evidence of 
structural heart diseaseb within 12 
months

• Symptomatic NYHA Class II-IV HF at 
enrollment and typical signs/symptoms 
of HF ≥6 weeks before enrollment with 
at least intermittent need for diuretic 
treatment

• Elevated NT-proBNP levels

• eGFRc ≥25 mL/min/1.73 m2

• Ambulatory or hospitalized off IV HF 
therapyd for ≥24 hours

Secondary EndpointsPrimary Endpoint
• Time to first occurrence of any component of 

the composite of CV death or worsening HF 

events (hHF or urgent HF visit) assessed in 

dual primary analyses 

 Full patient population

 Patients with LVEF <60%

• Total number of HF events (first and recurrent) and CV deaths in 
the full patient population and in patients with LVEF <60%

• Change from baseline in KCCQ-TSS at 8 months

• Time to occurrence of CV death

• Time to occurrence of death from any cause

Visit 7

Day 480
Visit 1 

(enrollment)

Day -21

Visit 2

Day 1
Visit 6

Day 360

Visit 5

Day 240

Visit 3

Day 30

Visit 4

Day 120

Visit 8

Day 600

Estimated median follow-up: 27 

months

DELIVER

A prespecified pooled analysis from DAPA-HF and DELIVER is planned to assess the effect of dapagliflozin 

across the range of LVEF



WhERE to 
position a 
SGLT2I?







2022 ADA Standards of Care
Pharmacologic Treatment of Hyperglycemia in Adults with T2D

To avoid therapeutic inertia reassess and modify treatment regularly (3-6 months). aFor adults with overweight or obesity, lifestyle modification to achieve and maintain ≥5% weight loss and ≥150 min/week of moderate- to vigorous-intensity physical activity is recommended (See Section 5: Facilitating Behavior Change and Well-
being to Improve Health Outcomes); bActioned whenever these become new clinical considerations regardless of background glucose-lowering medications; cMost patients enrolled in the relevant trials were on metformin at baseline as glucose-lowering therapy; dRefer to Section 10: Cardiovascular Disease and Risk 
Management; eProven benefit refers to label indication (see Table 9.2); fLow dose may be better tolerated though less well studied for CVD effects; gRefer to Section 11: Chronic Kidney Disease and Risk Management and specific medication label for eGFR criteria; hChoose later generation SU to lower risk of hypoglycemia; iRisk 
of hypoglycemia: degludec / glargine U-300 < glargine U-100 / detemir < NPH insulin; jConsider country- and region-specific cost of drugs.

American Diabetes Association. Diabetes Care. 2022;45(suppl 1):S1-S264.

ASCVD/INDICATORS OF HIGH RISK, HF, CKDb

FIRST-LINE THERAPY depends on comorbidities, patient-centered treatment factors, including cost and access considerations, 

and management needs and generally includes metformin and comprehensive lifestyle modificationa

+CKDg

GLP-1 RA with 

proven CVD 

benefite

+HFd

SGLT2i with 

proven benefit 

in this 

populatione

IF A1C ABOVE 

TARGET

GLP-1 RA 

with 

proven 

CVD 

benefite

SGLT2i 

with 

proven 

CVD 

benefite

EITHER/

OR

+ASCVD/INDICATORS 

of HIGH RISKd

• For patients on a GLP-1 

RA, 

consider incorporating 

SGLT2i with proven 

CVD benefit and vice 

versae

• TZDf

CKD and albuminuria 

(e.g., ≥200 mg/g 

creatinine)

CKD without 

albuminuria 

(e.g., eGFR 

<60 mL/min/1.73 m2)

MINIMIZE HYPOGLYCEMIA

Incorporate additional agents 

based on comorbidities, 

patient-centered treatment 

factors, and management 

needs

IF A1C ABOVE 

TARGET

No/low inherent risk of 

hypoglycemia:

DPP-4i, GLP-1 RA, SGLT2i, 

TZD

For SU or basal insulin, consider 

agents with lower risk of 

hypoglycemiah,i

CONSIDER COST AND 

ACCESSj

Incorporate additional agents 

based on comorbidities, 

patient-centered treatment 

factors, and management 

needs

IF A1C ABOVE 

TARGET

Available in generic form at 

lower cost:

• Certain insulins: consider 

insulin

available at the lowest 

acquisition cost

• SU

• TZD

MINIMIZE WEIGHT GAIN/

PROMOTE WEIGHT LOSS

PREFERABLY

GLP-1 RA with good efficacy 

for weight loss

OR

SGLT2i
IF A1C ABOVE 

TARGET
For patients on a GLP-1 RA, 

consider incorporating SGLT2i 

and vice versa

• If GLP-1 RA not tolerated or

indicated, consider DPP-4i 

(weight neutral)
Incorporate additional agents 

based on comorbidities, 

patient-centered treatment 

factors, and management 

needs

NONE

GLP-1 RA with proven CVD benefite

if SGLT2i not tolerated or 

contraindicated

SGLT2i with primary evidence of 

reducing 

CKD progression

PREFERABLY

OR

OR

SGLT2i with evidence of reducing 

CKD progression in CVOTs

If A1C above target, for patients on SGLT2i, 

consider incorporating a GLP-1 RA and vice versa

SGLT2i with 

proven 

CVD benefite

EITHER/

OR

If A1C remains above target, consider treatment intensification based 

on comorbidities, patient-centered treatment factors, and management needs

Incorporate agents that provide adequate EFFICACY to achieve and 

maintain glycemic goals

Higher glycemic efficacy therapy: GLP-1 RA; insulin; combination 

approaches (Table 9.2)

• Consider additional comorbidities, patient-centered treatment 

factors, and management needs in choice of therapy, as below: 

For patients with CKD (e.g., eGFR <60 

mL/min/1.73 m2) 

without albuminuria, recommend the 

following to decrease cardiovascular risk

RECOMMENDED INDEPENDENTLY OF BASELINE A1C, 

INDIVIDUALIZED A1C TARGET, OR METFORMIN USEc

To avoid 

therapeutic inertia, 

reassess and 

modify treatment 

regularly 

(3-6 months)



2022 ADA Standards of Care 
Treatment of Patients With T2D and ASCVD/Indicators of High 
Risk 

aProven benefit refers to label indication; bMost patients enrolled in the relevant trials were on metformin at baseline as glucose-lowering therapy; cAge ≥55 
years with coronary, carotid or lower-extremity artery stenosis >50% or LVH; dLow dose may be better tolerated though less well studied for CVD effects.
A1C = glycated hemoglobin; ADA = American Diabetes Association; ASCVD = atherosclerotic cardiovascular disease; CVD = cardiovascular disease; GLP-1 RA = 
glucagon-like peptide-1 receptor antagonist; LVH = left ventricular hypertrophy; SGLT2 = sodium-glucose cotransporter 2; T2D = type 2 diabetes; TZD = 
thiazolidinedione.
Adapted from American Diabetes Association. Diabetes Care. 2022;45(suppl 1):S1-S264.

If A1C 

above target

•For patients on a GLP-1 RA, consider 

incorporating SGLT2 inhibitor with proven CVD 

benefita and vice versa

•TZDd

ASCVD / Indicators of High ASCVD Riskc

GLP-1 RA 

with proven 

CVD benefita

SGLT2 

inhibitor with 

proven CVD 

benefita

EITHER/

OR

Use of SGLT2 inhibitors or GLP-1 receptor agonists with proven CVD benefita

recommended regardless of baseline A1C, individualized A1C target, or metformin useb



2022 ADA Standards of Care 
Treatment of Patients With T2D and Heart Failure

aMost patients enrolled in the relevant trials were on metformin at baseline as glucose-lowering therapy; bProven benefit refers to label 
indication.
A1C = glycated hemoglobin; ADA = American Diabetes Association; SGLT2 = sodium-glucose cotransporter 2; T2D = type 2 diabetes.
Adapted from American Diabetes Association. Diabetes Care. 2022;45(suppl 1):S1-S264.

If A1C 

remains 

above target

Consider treatment intensification based on 

comorbidities, patient-centered treatment factors, 

and management needs

Heart Failure

SGLT2 inhibitor with proven 

benefit in this populationb

Use of SGLT2 inhibitors recommended regardless of baseline A1C, individualized A1C 
target, or metformin usea



ESC 2021 Heart Failure Guidelines:
SGLT2i Recommended as one of the Cornerstone Therapies for 
HFrEF

aAs a replacement for ACEI; bWhere appropriate. 
McDonagh TA et al. Online ahead of print. Eur Heart J. 2021. 

Management of patients with HFrEF

• ACEI/ARNIa

• Beta-blocker

• MRA

• Dapagliflozin/Empagliflozin

• Loop diuretic for fluid retention

(Class I)

LVEF >35% or device therapy 

not indicated or appropriate

If symptoms persist, consider therapies with Class II recommendations

LVEF ≤35% and QRS <130 ms 

and where appropriate
SR and                                         

LVEF ≤35% and QRS ≥130 ms 

ICD

Non-

ischemic 

(Class IIa)

Ischemic 

(Class I)

QRS 130-149 

ms

(Class IIa)

QRS ≥150 ms 

(Class I)

CRT-Db/-P

Class I

Class IIa

Class of 

Recommendation



TAKE HOME MESSAGE:

DM2 
Established CVD 
High CVD risk 
HF 

CONSIDER SGLT2I (read PI!)


