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ASCVD, atherosclerotic cardiovascular disease; CVD, cardiovascular disease; T2D, type 2 diabetes.
1. Mosenzon O, et al. Cardiovasc Diabetol. 2021;20:154.

CAPTURE study shows the high 
incidence of CVD in people with 
T2D

9/10 people with T2D and established CVD have 
ASCVD1.

The study found that 1/3 of people with T2D have established cardiovascular 
disease1



18% of people with T2D experience their first CV 
event within the first 5–6 years post diagnosis1
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First CV events in patients with T2D 5.5 years after diagnosis§1

(events occurring in >10% of patients)

† ‡

Cohort study of 34,198 patients with T2D*

CV, cardiovascular; HF, heart failure; MI, myocardial infarction; PAD, peripheral artery disease; T2D, type 2 diabetes; UK, United Kingdom.
*Full cohort including non-diabetic population ~1.9 million patients; †Includes stable and unstable angina; ‡Includes ischaemic stroke and stroke not further specified. §Results rounded up or down to nearest percentage point
1. Shah AD et al. Lancet Diabetes Endocrinol 2015;3:105–113; 2. Low Wang CC et al. Circulation 2016;133:2459–2502; 3. Echouffo-Tcheugui JB et al. Eur Heart J 2018;39:2376–2386. 

Heart attacks and strokes occur over 10 
years earlier in people with T2D than those 
without and will occur with greater 
severity2,3



CV mortality risk increases with increasing HbA1c
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Association between T2D and CV mortality
(<55 years), n = 78,0861

HbA1c
≤6.9%

HbA1c
7.0–7.8%

HbA1c
8.8–9.6%

HbA1c
≥9.7%

HbA1c
7.9–8.7%

Hazard ratio

Comparator = control population without T2D

HR

95% CI

.
Data for people with T2D from the Swedish National Diabetes Register and controls without T2D matched for age, sex and county with 4.6 years mean follow-up.
Multivariate analysis, adjusting for various CVD risk factors. 
ASCVD, atherosclerotic cardiovascular disease; CI, confidence interval; CVD, cardiovascular disease; HbA1c, glycated haemoglobin; HR, hazard ratio; T2D, type 2 diabetes.
1. Tancredi M et al. N Engl J Med 2015;373:1720–1732. 

HR 2.18
[95% CI: 1.81–2.64]

HR 2.59
[95% CI: 2.04–3.28]

HR 3.76
[95% CI: 2.93–4.82]

HR 4.06
[95% CI: 2.94–5.61]

HR 5.38
[95% CI: 3.89–7.43]

Note del presentatore
Note di presentazione
2. Tancredi et al. N Engl J Med 2015;373:1720–32 
Abstract
BACKGROUND:
The excess risks of death from any cause and death from cardiovascular causes among persons with type 2 diabetes and various levels of glycaemic control and renal complications are unknown. In this registry-based study, we assessed these risks according to glycaemic control and renal complications among persons with type 2 diabetes.
METHODS:
We included patients with type 2 diabetes who were registered in the Swedish National Diabetes Register on or after January 1, 1998. For each patient, five controls were randomly selected from the general population and matched according to age, sex, and county. All the participants were followed until December 31, 2011, in the Swedish Registry for Cause-Specific Mortality.
RESULTS:
The mean follow-up was 4.6 years in the diabetes group and 4.8 years in the control group. Overall, 77,117 of 435,369 patients with diabetes (17.7%) died, as compared with 306,097 of 2,117,483 controls (14.5%) (adjusted hazard ratio, 1.15; 95% confidence interval [CI], 1.14 to 1.16). The rate of cardiovascular death was 7.9% among patients versus 6.1% among controls (adjusted hazard ratio, 1.14; 95% CI, 1.13 to 1.15). The excess risks of death from any cause and cardiovascular death increased with younger age, worse glycaemic control, and greater severity of renal complications. As compared with controls, the hazard ratio for death from any cause among patients younger than 55 years of age who had a glycated haemoglobin level of 6.9% or less (≤52 mmol per mole of nonglycated haemoglobin) was 1.92 (95% CI, 1.75 to 2.11); the corresponding hazard ratio among patients older than 75 years of age or older was 0.95 (95% CI, 0.94 to 0.96). Among patients with normoalbuminuria, the hazard ratio for death among those younger than 55 years of age with a glycated haemoglobin level of 6.9% or less, as compared with controls, was 1.60 (95% CI, 1.40 to 1.82); the corresponding hazard ratio among patients older than 75 years of age or older was 0.76 (95% CI, 0.75 to 0.78), and patients 65 to 75 years of age also had a significantly lower risk of death (hazard ratio, 0.87; 95% CI, 0.84 to 0.91).
CONCLUSIONS:
Mortality among persons with type 2 diabetes, as compared with that in the general population, varied greatly, from substantial excess risks in large patient groups to lower risks of death depending on age, glycaemic control, and renal complications. (Funded by the Swedish government and others.).



Life expectancy is reduced by 12 years in people 
with diabetes with pre-existing ASCVD1,2

End of life
60
years

–6
years

–12
years

No diabetes1

Diabetes*,2

Diabetes + MI/stroke1

ASCVD, atherosclerotic cardiovascular disease; MI, myocardial infarction; T2D, type 2 diabetes.
*Diagnosed at age 45.
1. Di Angelantonio E et al. JAMA 2015;314:52–60; 2. Sattar N et al. Circulation 2019;139:2228–2237.

Early screening and further management of cardiovascular risk among younger and newly diagnosed people with T2D is 
required to protect them from the risk of stroke1,2.



ASCVD, atherosclerotic cardiovascular disease; CV, cardiovascular; CVD, cardiovascular disease; GLP-1RA, glucagon-like peptide-1 receptor agonist; SGLT2i, sodium-glucose co-transporter-2 inhibitor; T2D, type 2 diabetes.
GLP-1RAs included dulaglutide, liraglutide and semaglutide; and SGLT2is: canagliflozin, dapagliflozin and empagliflozin.
1. Mosenzon O et al. Cardiovasc Diabetol 2021;20:154.

Use of glucose-lowering agents with demonstrated CV benefit1.
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Only 2 in 10 people with T2D and CVD or CV risk factors 
receive treatment proven to reduce the risk of ASCVD1

Note del presentatore
Note di presentazione
Modifiable risk factors of atherosclerosis include hypercholesterolemia, obesity, hypertension, diabetes, smoking and chronic kidney disease. These risk factors are termed modifiable as the risk of atherosclerosis can be reduced with appropriate therapeutic control (e.g. adequate glycaemic control in diabetes).

Genetic pre-disposition is also a risk factor of atherosclerosis and is termed non-modifiable.




CV, cardiovascular; HbA1c, glycated haemoglobin; MI, myocardial infarction.
1. Stratton IM, et al. BMJ. 2000; 321:405–412.

Better HbA1c control is associated with 
reductions in CV events

43%

Lower extremity 
amputation or fatal 
peripheral vascular 
disease

14%

Fatal and 
non-fatal MI

16%

Heart failure

12%

Fatal and
non-fatal stroke

Every 1% drop in HbA1c can reduce long-term diabetes complications1

Note del presentatore
Note di presentazione
Risk of diabetic complications is strongly associated with previous hyperglycaemia in patients with T2DM. This prospective, observational study determined the relationship between exposure to glycaemia over time and the risk of �macro- or microvascular complications in T2DM. 4585 white, Asian Indian and Afro-Caribbean UKPDS patients, whether randomised or not to treatment, were included in analyses of incidence; of these, 3642 were included in analyses of RR. The incidence of clinical complications was significantly associated with glycaemia. Each 1% reduction in updated mean HbA1c was associated with reductions in risk of 21% for any endpoint related to diabetes (95% CI 17% to 24%, p<0.0001).




STENO-2: Mortality at 21 years’ follow-up
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*No formal calculation possible as <50% mortality in intensive 
therapy group. CI, confidence interval; HR, hazard ratio
Gæde P et al. Diabetologia 2016;59:2298‒2307
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HR: 0.55
95% CI: 0.36–0.83 

p=0.005

Patients at risk
Intensive 80 76 66 58 54 43
Conventional 80 78 65 45 34 24
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End of trial and start of intensification of 
conventional-therapy group patients’ treatment

Median 
survival time

Difference in 
median survival 
time of at least 

7.9 years*

13.3 years

Note del presentatore
Note di presentazione
Mortality�At the end of follow-up, 38 (48%) of the original intensive-therapy patients had died compared with 55 (69%) of conventional-therapy patients

Median survival time in the conventional-therapy group was 13.3 years, and the difference in median survival time after randomisation was therefore at least 7.9 years (95% CI 2.2, 9.6 years)
Formally, median survival time could not be calculated after randomisation in the intensive-therapy group as 48% (and not the 50% required) of intensive-therapy group patients died before the end of follow-up; therefore calculated differences in median survival might underestimate the real difference.




Rawshani A et al. N Engl J Med 2018;379:633–644

Note del presentatore
Note di presentazione
In questa slide e nella successiva volgiamo fare il punto sull’importanza del controllo glicemico come primo e più rilevante fattore di rischio CV nel DMT2. Sappiamo che già prima della diagnosi la glucotossicità esercita un’azine sull’endotelio.
Livelli elevati di HbA1c hanno una correlazione positiva con gli hard endpoints, più del controllo pressorio o lipidico



Cardiac Abnormalities of Type 2 Diabetes Increase the 
Risk for Heart Failure

[Ca2+]i=intracellular calcium; CMC=cardiomyocyte; DCM=diabetic cardiomyopathy; DM=diabetes mellitus; HF=heat failure; LV=left ventricular.

Jia J  et al. Circ Res. 2018;122(4):624-638.

Increased 
inflammation

Impaired 
calcium 
handling

Impaired 
cardiac 

metabolism

Fibrosis CMC 
apoptosis

LV
hypertrophy 

Ca2+Ca2+

Na+

[Ca2+]i

Subclinical cardiac abnormalities

Hyperglycemia and impaired 
insulin signaling are risk factors 
for the development of DCM in 

patients with DM

Cardiac dysfunction in DCM can 
progress from subclinical 

abnormalities to clinical HF

10

Note del presentatore
Note di presentazione
Speaker Notes:
Diabetic cardiomyopathy (DCM) is defined as abnormal myocardial structure and function in patients with diabetes not attributable to other cardiac risk factors, such as hypertension, CAD or other cardiac disease1
Hyperglycemia, insulin resistance, and impaired insulin signaling are major abnormalities found in patients with diabetes mellitus, and are all involved in the pathogenesis of diabetic cardiomyopathy1
The early stages of DCM include an asymptomatic, subclinical period characterized by structural and functional abnormalities, such as fibrosis, cardiac stiffness, and left ventricular hypertrophy. These pathophysiological changes lead to early diastolic dysfunction1,2
With the progression of DCM, advancing diastolic dysfunction and reduced cardiac compliance often coexists with systolic dysfunction, leading to cardiac remodeling, left ventricular dilatation, and the emergence of symptomatic heart failure1,2
Up-regulation of pro-inflammatory pathways, impaired calcium handling, metabolic remodeling, and cardiomyocyte death are all thought to be important pathophysiological mechanisms that promote cardiac stiffness, hypertrophy, and fibrosis in DCM1,2

References:
Jia G, Hill MA, Sowers JR. Diabetic cardiomyopathy: An update of mechanisms contributing to this clinical entity. Circ Res. 2018;122(4):624-638.
Murtaza G, Virk HUH, Khalid M,  et al. Diabetic cardiomyopathy - A comprehensive updated review. Prog Cardiovasc Dis. 2019;pii: S0033-0620(19)30051-9.





Microvascular complications may predate T2D diagnosis

T2D, type 2 diabetes.
Low Wang et al. Circulation. 2016;133:2459–2502; 
Adapted from Kendall DM et al. Am J Med. 2009:122(Suppl.6):S37–S50.11

Timeline of microvascular disease in T2D

Microvascular complications

Diabetes diagnosis
Diabetes

4–7 years 

Impaired glucose tolerance

Progression of T2D

Insulin resistance

Insulin level

Fasting plasma glucose

Hepatic glucose production

Beta-cell function

Diabetic retinopathy Mild nonproliferative
abnormalities

Moderate and severe 
nonproliferative diabetic 

retinopathy (NPDR)

Proliferative diabetic 
retinopathy (PDR)

Diabetic nephropathy Microalbuminuria

Diabetic neuropathy
Intermittent pain and 
tingling in extremities, 
particularly in the feet

Pain is more intense and 
constant

All pain sensation is 
lost to an area

Proteinuria Overt diabetic nephropathy

Macular edema – can occur at any time during retinopathyCan start 7 years before diagnosis

Can start before diagnosis

MICROVASCULAR DISEASE STAGES

Usually start 10-20 years after diagnosis



Microvascular complications of T2D

1. Yau JWY et al. Diabetes Care 2012;35:556–564; 2. Gross JL et al. Diabetes Care 2005;28:164–176; 3. Russel KW, Zilliox LA. Continuum (Minneap Minn) 2014;20:1226–1240 

Microvascular complications
Damage to small blood vessels caused by severe and prolonged hyperglycaemia 

Diabetic

Chronic kidney disease

~7%
of patients with T2D already 
have microalbuminuria
at the time of 
diagnosis2

Diabetic neuropathy

45%
incidence of neuropathy for 
patients with T2D3

Diabetic retinopathy

of patients with T2D 
have retinopathy and 
the risk increases 
over time1

~25% 



Promotes a 
pro-inflammatory 

state2
Smoking

Damage from 
hyperglycaemia 

includes injury to 
filtration 

mechanisms1,2

Causes damage 
to blood vessels 
in the kidney1,2

3.7Diabetes

Hypertension

Results in 
hypertension, 

poor renal 
function and 
proteinuria3

Atherosclerotic 
disease

Familial 
predisposition 

and genetic risk 
factors for CKD2

Toxic agent 
that damages or 
destroys the cells 
and/or tissues of 

the kidneys5

Renal function 
decreases with 

age in both men 
and women2

Increases blood 
pressure and 

physical 
compression of 

the kidneys4

CKD risk factors and causes

CKD, chronic kidney disease
1. NIDDK. Available from: Causes of Chronic Kidney Disease | NIDDK (nih.gov) accessed May 2021; 2. Kazancioğlu R. Kidney Int Suppl (2011) 2013; 3(4):368–371; 3. Woolfson R. Postgrad Med J 2001; 77(904):68–74; 4. Hall ME et al. Int J Nephrol 
Renovasc Dis 2014; 7:75–88; 5. Orr SE et al. Int J Mol Sci 2017; 18:pii: E1039

Age

Nephrotoxins

Family 
history Obesity

Most common 
causes of CKD1

Note del presentatore
Note di presentazione
Kazancioğlu R. Risk factors for chronic kidney disease: an update. Kidney Int Suppl (2011). 2013;3(4):368-371.
National Institute of Diabetes and Digestive and Kidney Diseases. Causes of chronic kidney disease. Available from: https://www.niddk.nih.gov/health-information/kidney-disease/chronic-kidney-disease-ckd/causes. Accessed August 14, 2018.

https://www.niddk.nih.gov/health-information/kidney-disease/chronic-kidney-disease-ckd/causes


Kidney hyperfiltration is a common feature and driver of disease progression 
across the diverse CKD etiologies

14
CKD = chronic kidney disease; IgA = immunoglobulin A.

1. Xie Y et al. Kidney Int. 2018;94:567–581; 2. Helal I et al. Nat Rev Nephrol. 2012;8:293–300; 3. Palatini P. Nephrol Dial Transplant. 2012;27:1708–1714; 4. Coppo R. Nephrol Dial Transplant. 2019;34:1832–1838; 5. Rosenberg AZ et al. 
Clin J Am Soc Nephrol. 2017;12:502–517.

Diabetic nephropathy2

Focal segmental glomerulosclerosis5

IgA nephropathy4

Obesity2

Hypertensive nephrosclerosis3

Polycystic kidney disease2

Diabetes and hypertension are responsible for more 
than half of all cases of CKD1

Note del presentatore
Note di presentazione
References:
Xie Y et al. Analysis of the Global Burden of Disease study highlights the global, regional, and national trends of chronic kidney disease epidemiology from 1990 to 2016. Kidney Int. 2018;94:567–581.
Helal I et al. Glomerular hyperfiltration: definitions, mechanisms and clinical implications. Nat Rev Nephrol. 2012;8:293–300.
Palatini P.  Glomerular hyperfiltration: a marker of early renal damage in pre-diabetes and pre-hypertension. Nephrol Dial Transplant. 2012;27:1708–1714.
Coppo R. Towards a personalized treatment for IgA nephropathy considering pathology and pathogensis. Nephrol Dial Transplant. 2019;34:1832–1838.
Rosenberg AZ et al. Focal segmental glomerulosclerosis. Clin J Am Soc Nephrol. 2017;12:502–517.





Type 2 diabetes, cardiovascular and renal disease are 
closely interconnected

AGEs = advanced glycation end-products; BP = blood pressure; RAAS = renin angiotensin aldosterone system; ROS = reactive oxygen species; SNS = sympathetic nervous 
system; T2D = type 2 diabetes.
1. Maqbool M et al. Semin Nephrol. 2018;38:217-232; 2. Ronco C et al. J Am Coll Cardiol. 2008;52:1527-39.

T2D/Hyperglycemia

Renal and cardiac systems are inextricably linked and should be considered together

Glucose, AGEs, Lipids, BP, ROS, inflammation, 
fibrosis, RAAS, SNS

Note del presentatore
Note di presentazione
References:
Ronco C, Haapio M, House AA, et al.  Cardiorenal syndrome. J Am Coll Cardiol. 2008;52:1527-1539.
Dalrymple LS, Katz R, Kestenbaum B, et al.  Chronic kidney disease and the risk of end-stage renal disease versus death. J Gen Intern Med. 2011;26:379-385.

http://www.shutterstock.com/subscribe.mhtml


Reviewed by Medical on 21 OCT 2021

Treating additional risk factors further reduces risks or microvascular and macrovascular complications

Early and effective control can reduce complication 
risks

HbA1c, glycosylated haemoglobin; T2D, type 2 diabetes.
1. UK Prospective Diabetes Study (UKPDS) Group. Lancet. 1998;352:837853; 2. Holman RR et al. N Engl J Med. 2008;359:15771589; 3. Laiteerapong N et al. Diabetes Care. 2019;42:416426; 4. Cosentino F et al. Eur Heart J. 2019;00:1‒69;            5. Diabetes Care. 2021;44 (Suppl. 1): S73-S84. 
5. The DCCT Research Group. N Engl J Med. 1993;329:977–86.16

• Tight glucose control early in the 
course of T2D can reduce long-term 
CV outcomes

• HbA1c <7% is associated with lower 
risk of microvascular events

• International practice guidelines 
encourage early glucose lowering to 
achieve near-normal HbA1c targets



Reviewed by Medical on 21 OCT 2021

Diabetes and Aging Study

Early and effective glycaemic control associated with lower microvascular and 
macrovascular complication risks

HbA1c, glycosylated haemoglobin.
Adapted from Laiteerapong N et al. Diabetes Care. 2019;42(3):416-426.17

Increasing 
time to 

glycaemic 
treatment

Late

Early

6.437 (5.246-7.899)
2.580 (2.123-3.135)
1.606 (1.359-1.899)
1.194 (1.006-1.418)

2.213 (1.892-2.590)
1.603 (1.340-2.590)
1.391 (1.226-1.578)
1.204 (1.063-1.365)

HR (95% CI)

Adjusted Hazard Ratio
0.1 1 10

2.113 (1.847-2.417)
1.577 (1.412-1.760)
1.327 (1.221-1.442)
1.135 (1.046-1.232

1.485 (1.329-1.659)
1.369 (1.227-1.527)
1.287 (1.203-1.377)
1.188 (1.116-1.264)

HR (95% CI)

Adjusted Hazard Ratio
0.1 1 10

Late

Early

Microvascular Complications Macrovascular Complications

HbA1c 6.5% to <7.0% (48 to <53 mmol/mol)
HbA1c 7.0% to <8.0% (53 to <64 mmol/mol)
HbA1c 8.0% to <9.0% (64 to <75 mmol/mol)
HbA1c = 9.0% (>75 mmol/mol)

HbA1c 6.5% to <7.0% (48 to <53 mmol/mol)
HbA1c 7.0% to <8.0% (53 to <64 mmol/mol)
HbA1c 8.0% to <9.0% (64 to <75 mmol/mol)
HbA1c = 9.0% (>75 mmol/mol)
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ISGLT 2



Evidence Supports Glycemic and Non-glycemic Effects 
of SGLT-2i

19

Dapagliflozin is not indicated for weight loss or hypertension.

1. FARXIGA® (dapagliflozin) [prescribing information]. Wilmington, DE: AstraZeneca Pharmaceuticals LP; May 2020. 2. Eickhoff MK,  et al. J Clin Med. 2019;8(6);779. 3. Merovci A,  et al. 
J Clin Endocrinol Metab. 2015;100(5):1927-1932. 4. Kaneto H,  et al. J Diabetes. 2017;9(3):219-225. 5. Bolinder J,  et al. J Clin Endocrinol Metab. 2012;97(3):1020-1031. 6. Heerspink HJL,  et al. Kidney Int. 2018;94(1):26-39. 7. Kalra S,  et al. Indian J Endocrinol 
Metab. 2017;21(1):210-230. 8. Lambers Heerspink HJ, et al. Diabetes Obes Metab. 2013;15(9):853-862. 9. Verma S,  et al. JACC Basic Transl Sci. 2018;3(5):575-587. 10. Tamargo J. Eur Cardiol. 2019;14(1):23-32. 11. Lee TM,  et al. Free Radic Biol Med. 
2017;104:298-310.

Potential mechanisms by which 
SGLT-2 inhibition reduces risk for 
heart failure hospitalization are 
not fully understood and research 
is under way

• Decreased preload and afterload6

• Increased cardiac efficiency9,10

• Decreased cardiac remodeling10,11

• Decreased plasma glucose3,4

• Increased β-cell function3,4

• Decreased blood pressure7

• Decreased plasma volume6,8

• Increased hematocrit6

Approximately reabsorbs 
90% filtered glucose

S1

SGLT2

Glucose filtration
(approximately 180g/day)

SGLT-2i
Altered glucose
and sodium 
handling

Glycosuria

Urine: no glucose

Glucose Glucose

1Na+

Lumen Interstitium

GLUT2

SGLT-2

• Decreased glucose and 
sodium reabsorption1,2

• Increased delivery of sodium 
to the distal tubule1

• Decreased body weight5,6

• Decreased fat mass5,6

• Increased insulin sensitivity7

Note del presentatore
Note di presentazione
Note to Speaker: Click on the List Icon to return to the CV Outcomes in T2D Table of Contents. 

Speaker Notes:
SGLT-2 inhibitors, with their novel mechanism of action, not only improve glycemic control, but the accompanying caloric loss and diuresis are associated with reductions in weight and blood pressure. In addition, SGLT-2 inhibition has been shown to have effects on a variety of parameters that could lead to reduction in the risk of heart failure hospitalizations1-3
The potential mechanisms for this reduction in hHF risk are not fully understood and research is under way
References:
Lee TM, Chang NC, Lin SZ. Dapagliflozin, a selective SGLT2 Inhibitor, attenuated cardiac fibrosis by regulating the macrophage polarization via STAT3 signaling in infarcted rat hearts. Free Radic Biol Med. 2017;104:298-310.
Bolinder J, Ljunggren Ö, Kullberg J,  et al. Effects of dapagliflozin on body weight, total fat mass, and regional adipose tissue distribution in patients with type 2 diabetes mellitus with inadequate glycemic control on metformin. J Clin Endocrinol Metab. 2012;97(3):1020-31. 
Kalra S, Ghosh S, Aamir AH,  et al. Safe and pragmatic use of sodium–glucose co‑transporter 2 inhibitors in type 2 diabetes mellitus: South Asian Federation of Endocrine Societies consensus statement. Indian J Endocrinol Metab. 2017;21(1):210-30.



SGLT2 inhibitors offer early metabolic benefits in patients with T2D1–4

20

SGLT2 inhibitor on 
top of metformin

Empagliflozin
25 mg1

Canagliflozin
100 mg2

Dapagliflozin
10 mg3

Ertugliflozin
5 mg4

HbA1c, % -0.77* -0.73† -0.84‡ -0.7§

Weight, kg -2.46* -3.3† -2.9‡ -3.0§

Systolic blood 
pressure, mmHg -5.2* -3.5† -5.1¶ -4.4§

Diastolic blood 
pressure, mmHg -1.6* -1.8† -1.8¶ -1.6§

Note del presentatore
Note di presentazione
Notes
SGLT2 inhibitors offer an early metabolic benefit for patients with T2D, by reducing HbA1c by 0.7–0.84%, weight by 2.46–3.3 kg and systolic blood pressure by 3.5–5.2 mmHg within 24 or 26 weeks*1–4
Glycaemic control is just one element of holistic T2D care that aims to address the multifactorial nature of the disease including reducing the risk of cardiorenal complications5

*Empagliflozin 25 mg, canagliflozin 100 mg, dapagliflozin 10 mg and ertugliflozin 5 mg

Abbreviations
CV, cardiovascular; HbA1c, glycated haemoglobin; SE, standard error; SGLT2, sodium-glucose co-transporter-2; T2D, type 2 diabetes

References
Häring H-U et al. Diabetes Care 2014;37:1650
Lavelle-Gonzalez FJ et al. Diabetologia 2013;56:2582
Bailey CJ et al. Lancet 2010;375:2223
Rosenstock J et al. Diabetes Obes Metab 2018;20:520
Cosentino F et al. Eur Heart J 2020;41:255



SGLT2 inhibitors reduce the development and progression of HF and CKD in 
patients with T2D across the CV and kidney risk continuum1

21

Cells coloured light blue indicate that the upper bound limit of the confidence interval for the active versus placebo comparison is below unity (<1.00)

CANVAS Program2,3

(canagliflozin)
DECLARE-TIMI 584

(dapagliflozin)
EMPA-REG OUTCOME5,6

(empagliflozin)
VERTIS CV7–9 

(ertugliflozin)
CREDENCE10*
(canagliflozin)

T2D + ASCVD or 
≥2 CV risk factors

T2D + established ASCVD or 
multiple risk factors T2D + CVD T2D + established ASCVD T2D + albuminuric CKD

CV death 
or HHF‡

p=0.002§ p=0.005¶ p<0.001§

p=0.11
p<0.001

HHF‡

p=0.002§ p=NR** p=0.002§ p=0.006 p<0.001

CV death‡ p=NR** p=NR**
p<0.001§

p=NR**

p=0.05

3P-MACE†

p=0.02

p=0.17

p=0.04

p=0.001 for non-inferiority

p=0.01

Composite 
kidney 
outcome‡,‡‡

p=NR‡** p=NR‡** p<0.001‡§ p<0.01 p=0.00001††

Reduced risk

3P-MACE, 3-point major adverse cardiovascular events; ASCVD, atherosclerotic cardiovascular disease; 
CKD, chronic kidney disease; HF, heart failure; HHF, hospitalisation for heart failure; NR, not reported; SGLT2, 
sodium-glucose co-transporter-2; T2D, type 2 diabetes

1. McGuire DK et al. JAMA Cardiol 2021;6:148 2. Neal B et al. N Engl J Med 2017;377:644 3. Radholm K et al. Circulation 2018;138:458 4. 
Wiviott S et al. N Engl J Med 2019;380:347 5. Zinman B et al. N Engl J Med 2015;373:2117 6. Wanner C et al. N Engl J Med 2016;375:323 
7. Cannon CP et al. N Engl J Med 2020;383:1425 8. Cosentino F et al. Circulation 2020;142:2205 9. Cherney DZI et al. Diabetologia
2021;64:1256 10. Perkovic V et al. N Engl J Med 2019;380:2295

Note del presentatore
Note di presentazione
Notes
In six CV and kidney outcomes trials with SGLT2 inhibitors in patients with T2D, including those with or without ASCVD:*1
SGLT2 inhibitors were associated with a reduced risk of major adverse CV events, HHF and kidney outcomes
Associated risk reduction for HHF was consistent across the trials
Associated risk reduction for progression of kidney disease showed moderate heterogeneity across the trials

*Trials include EMPA-REG OUTCOME; the CANVAS Program (CANVAS and CANVAS‑R); DECLARE‑TIMI 58; CREDENCE; and VERTIS CV

Abbreviations
3P-MACE, 3-point major adverse cardiovascular events; ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease; HF, heart failure; HHF, hospitalisation for heart failure; NR, not reported; SGLT2, sodium-glucose co-transporter-2; T2D, type 2 diabetes
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1. McGuire DK et al. JAMA Cardiol 2021;6:148 2. Neal B et al. N Engl J Med 2017;377:644 3. Radholm K et al. Circulation 2018;138:458 4. Wiviott S et al. N Engl J Med 2019;380:347 5. Zinman B et al. N Engl J Med 2015;373:2117 6. Wanner C et al. N Engl J Med 2016;375:323 7. Cannon CP et al. N Engl J Med 2020;383:1425 8. Cosentino F et al. Circulation 2020;142:2205 9. Cherney DZI et al. Diabetologia 2021;64:1256 10. Perkovic V et al. N Engl J Med 2019;380:2295



SGLT2 inhibitors have an established safety profile across the CV and kidney 
risk continuum and are well tolerated1–5

22

n (%) n (%) n (%) n (%) Event rate per 
1000 PY

Event rate per 
1000 PY n (%) n (%)

Patient population T2D + ASCVD or 
≥2 CV risk factors

T2D + established ASCVD or multiple 
risk factors T2D + CVD T2D + established ASCVD

Hypoglycaemia 46.4 50.0 NR NR 650 (27.9) 1303 (27.8) 790 (28.8) 1496 (27.2)

Hypoglycaemia requiring 
assistance NR NR 83 (1.0) 58 (0.7) 36 (1.5) 63 (1.3) 162 (5.9) 285 (5.2)

Diabetic ketoacidosis 0.3 0.6 12 (0.1) 27 (0.3) 1 (<0.1) 4 (0.1) 2 (0.1)† 19 (0.3)†

Urinary tract infection 37.0 40.0 133 (1.6) 127 (1.5) 423 (18.1) 842 (18.0) 279 (10.2) 666 (12.1)

Genital infection 10.8§ 34.9‡§ 9 (0.1) 76 (0.9)‡ 42 (1.8) 301 (6.4)‡ 42 (1.5) 297 (5.4)

Volume depletion 18.5 26.0‡ 207 (2.4) 213 (2.5) 115 (4.9) 239 (5.1) 106 (3.9) 236 (4.3)

Bone fractures 11.9 15.4 440 (5.1) 457 (5.3) 91 (3.9) 179 (3.8) 98 (3.6)† 201 (3.7)†

Acute kidney injury 4.1 3.0 175 (2.0) 125 (1.5)‡ 37 (1.6) 45 (1.0)‡ 60 (2.2) 101 (1.8)

Lower limb amputation 3.4 6.3‡ 113 (1.3) 123 (1.4) 46 (1.1) 47 (1.1)** 45 (1.6)†† 111 (2.0)††

Pooled 
empagliflozin

(n=4687)

Placebo 
(n=2333)

Dapagliflozin
(n=8574)

Placebo 
(n=8569)CanagliflozinPlacebo Placebo

(n=2745)

Pooled
ertugliflozin

(n=5493)

EMPA-REG OUTCOME3,4DECLARE-TIMI2CANVAS Program*1 VERTIS CV5

1. Neal B et al. N Engl J Med 2017;377:644; 2. Wiviott S et al. N Engl J Med 2019;380:347; 3. Zinman B et al. N Engl J Med 2015;373:2117; 4. Kohler S et al. Adv Ther 2017;34:1707; 5. Cannon CP et al. N Engl J Med 2020;383:1425; 6. 
Empagliflozin summary of product characteristics; 7. Canagliflozin summary of product characteristics; 8. Dapagliflozin summary of product characteristics; 9. Ertugliflozin summary of product characteristics.

Note del presentatore
Note di presentazione
Abbreviations
ASCVD, atherosclerotic cardiovascular disease; CV, cardiovascular; CVD, cardiovascular disease; NR, not reported; PY, patient-years; SGLT2, sodium-glucose co-transporter-2; T2D, type 2 diabetes
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SGLT2 inhibitors may improve tolerance of other heart failure therapies

Greene SJ et al. Eur J Heart Fail. 2021;23:1525. 23

ARNI, angiotensin receptor–neprilysin inhibitor; ESRD, end-stage renal disease; HF, heart failure; MRA, mineralocorticoid receptor antagonist; SGLT2(i), sodium-glucose co-transporter-2 
(inhibitor). 

SGLT2i

Potential impact 
on tolerance of 
other HF 
therapies 

• Minimal to no 
effect on blood 
pressure 

• No increased risk 
of symptomatic 
hypotension

↑ARNI
↑MRA

• Slow progression of 
renal dysfunction

• Decreased risk of 
ESRD or sustained 
worsening renal 
function 

Decreased risk of 
hyperkalaemiaK+

↑ARNI
↑MRA

ARNI
Beta blocker

Potential enabling 
effects of SGLT2i 
and ARNI

Note del presentatore
Note di presentazione
SGLT2i sono semplici da utilizzare e possono aiutare anche l’introduzione di altri farmaci alla terapia.
Diminuiscono infatti il rischio di hyperkalemia e rallentano la progressione di disfunzione renale, che spesso causa lo stop di ARNI e MRA, 
Senza particolari effetti sulla pressione e soprattutto in assenza di ipotensioni,



International guidelines support the use of SGLT2 inhibitors for patients with heart 
failure regardless of LVEF, including in the hospital setting

1. Heidenreich PA et al. J Am Coll Cardiol. 2022;79:e263; 2. McDonagh T et al. Eur Heart J. 2023: doi.org/10.1093/eurheartj/ehad195

ACC, American College of Cardiology; AHA, American Heart Association; ESC, European Society of Cardiology; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart failure 
with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; HFSA, Heart Failure Society of America; LVEF, left ventricular ejection fraction; SGLT2, sodium-glucose co-
transporter-2. 

Both include SGLT2 inhibitors as first-
line therapy for HFrEF, creating a four 
foundational pillars treatment strategy 
(Class 1 recommendation)

2022 AHA/ACC/HFSA Guideline1

2023 ESC Guideline2

HFrEF (LVEF ≤40%) HFmrEF (LVEF 41–49%) HFpEF (LVEF ≥50%)

2022 AHA/ACC/HFSA Guideline1

HFmrEF: SGLT2 inhibitors have a Class 2a recommendation

HFpEF: SGLT2 inhibitors have a Class 2a recommendation

2023 ESC Guideline2

HFmrEF: SGLT2 inhibitors have a Class 1 recommendation

HFpEF: SGLT2 inhibitors have a Class 1 recommendation
NEW

Treatment for heart failure should be started regardless of LVEF



2023 KDIGO CKD Guideline: SGLT2 Inhibitors 
in CKD 

• Recommendation 3.6.1: We recommend treating adults with CKD and 
heart failure or eGFR 
≥20 mL/min/1.73 m2 with UACR ≥200 mg/g with an SGLT2 inhibitor (1A)

• Recommendation 3.6.2: We suggest treating adults with eGFR ≥20-45 
mL/min/1.73 m2 with UACR <200 mg/g with an SGLT2 inhibitor (2B)

Note: Level 1 = “We recommend” and Grade A = High quality of evidence; Level 2 = “We suggest” and Grade B = Moderate quality of evidence.2

CKD = chronic kidney disease; eGFR = estimated glomerular filtration rate; ERA = European Renal Association; KDIGO = Kidney Disease: Improving Global Outcomes; 
SGLT2 = sodium-glucose cotransporter 2; UACR = urine albumin-to-creatinine ratio.
1. Madero M. Presented at: 60th ERA Congress; June 15-18, 2023; Milan, Italy and Virtual; 2. KDIGO. KDIGO methods manual for guideline development – December 2022.

Preview Presented at 2023 ERA Congress1

Ad uso esclusivo del Medical Affairs. 

Note del presentatore
Note di presentazione
Note to Presenter: Please click on the icon at the top right-hand corner to go back to the table of contents slide.
Reference(s):
Madero M. KDIGO 2023 CKD guideline: a brave new world on the evaluation, prognostication, and management of kidney disease. Delaying CKD progression and complications: what's new? [presentation]. Presented at: 60th European Renal Association (ERA) Congress; June 15-18, 2023; Milan, Italy and Virtual. Accessed June 26, 2023. https://kdigo.org/conferences/era-2023-ckd-guideline-draft-preview/
Kidney Disease: Improving Global Outcomes (KDIGO). KDIGO methods manual for guideline development – December 2022. KDIGO website. Accessed June 16, 2023. https://kdigo.org/wp-content/uploads/2022/12/KDIGO-Methods-Manual-for-Guideline-Development_v1-3-copy-1.pdf 



2023 ERA Consensus Paper:
Algorithm for Selection of SGLT2i in Patients With CKD, HF, or T2D

aeGFR <60 mL/min/1.73 m2 or UACR >30 mg/g; bWith reduced or preserved ejection fraction; cStart if eGFR ≥25 mL/min/1.73 m2  and continue until start of KRT; dStart if eGFR ≥20 
mL/min/1.73 m2; eStart if eGFR ≥30 mL/min/1.73 m2 and continue until start of KRT; fWhile all 4 drugs may be used for glycemic control with eGFR ≥45 mL/min/1.73 m2, an SGLT2i 
that has improved outcomes in CKD randomized controlled trials would be preferable if eGFR is 45-60 mL/min/1.73 m2; gEstablished atherosclerotic CV disease (coronary, 
peripheral vascular, or cerebral artery disease).
Mark PB et al. Online ahead of print. Nephrology Dial Transplant. 2023;gfad112.
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Yes
CKDa or HFb To improve CV and/or kidney outcomes 

consider:
• Dapagliflozinc

• Empagliflozind

If T2D and CKD consider also: • Canagliflozine

Yes
T2D

For glycemic control consider:f
• Dapagliflozin
• Canagliflozin
• Empagliflozin
• Ertugliflozin 

To improve CV and/or kidney outcomes 
in patients with high CV or renal riskg

consider:

• Dapagliflozin
• Empagliflozin

No 

Ad uso esclusivo del Medical Affairs. 

Note del presentatore
Note di presentazione
Note to Presenter: Please click on the icon at the top right-hand corner to go back to the table of contents slide.

Abbreviations:
CKD = chronic kidney disease; CV = cardiovascular; eGFR = estimated glomerular filtration rate; ERA = European Renal Association; HF = heart failure; KRT = kidney replacement therapy; SGLT2i = sodium-glucose cotransporter 2 inhibitor; T2D = type 2 diabetes; UACR = urine albumin-creatinine ratio.

Reference(s):
Mark PB, Sarafidis P, Ekart R, et al. SGLT2i for evidence based cardiorenal protection in diabetic and non-diabetic chronic kidney disease: a comprehensive review by EURECA-m and ERBP working groups of ERA [published online ahead of print May 25, 2023]. Nephrol Dial Transplant. 2023;gfad112. doi:10.1093/ndt/gfad112




AGLP 1



Alicic RZ et al. Nat Rev Nephrol 2020 Nov 20

Effetti dei GLP1RA sul danno renale della DKD

Note del presentatore
Note di presentazione
Qui è d fatto riassunto l’effetto di GLP1ra sul rene a sx si vedono i danni in corso di nefropatia diabetica, mentre, a dx, trattando con i GLP1ra siamo in grado di ridurre l espansione della matrice mesangiale, ripristinare un’attività adeguata dei podociti, ridurre la fibrosi interstiziale e l’infiammazione, oltre a ridurre l’ispessimento della membrana tubulare basale





Potential renoprotective effect of GLP1 RA

Sorensen et al, nature Reviews | NePhroLoGy, 2018

Indirect effects





Sattar et al, Lancet Diabetes Endocrinol 2021

- 12 %

- 11 %

- 21%

GLP1RA, Hospitalization for HF and CKD

- 21%

- 11%

- 12%



Giugliano et al. Cardiovasc Diabetol (2021) 20:189
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Summary of the 2023 ADA Standards of Care in 
Diabetes

• The choice of pharmacologic agents should be guided by a person-centered approach including comorbidities and 
treatment goals.

• In adults with T2D and HF, CKD, and/or established/high risk of ASCVD, the treatment regimen should include 
agents that reduce cardiorenal risk independent of background use of metformin or baseline HbA1c.

aUse agent with proven benefit in HF population, agent with evidence of reducing CKD progression in CKD population, and agent with proven CV disease benefit in patients with established ASCVD/multiple ASCVD risk factors/CKD; bRecommended for use in patients 
with eGFR ≥20 mL/min/1.73 m2 and urinary albumin ≥200 mg/g creatinine (Level of evidence A). Recommended for use in patients with eGFR ≥20 mL/min/1.73 m2 and urinary albumin ranging from normal to 200 mg/g creatinine (Level of 
evidence B); cUse agent with demonstrated CV benefit in those with established ASCVD or multiple risk factors for ASCVD.
ADA = American Diabetes Association; ASCVD = atherosclerotic cardiovascular disease; CKD = chronic kidney disease; CV = cardiovascular; EF = ejection fraction; eGFR = estimated glomerular filtration rate; GLP-1 RA = glucagon-like peptide-1 receptor 
agonist; HbA1c = glycated hemoglobin; HF = heart failure; hHF = heart failure hospitalization; MACE = major adverse cardiovascular event; SGLT2 = sodium-glucose cotransporter 2; T2D = type 2 diabetes. 
American Diabetes Association. Diabetes Care. 2023;46(suppl 1):S1-S298.35

Recommended Therapy T2D Population Rationale

SGLT2 inhibitora

HF
Current/prior HF symptoms with reduced or preserved EF

Reduce the risk of worsening HF and CV death, 
improve symptoms, physical limitations, and 
quality of life

CKDb

eGFR <60 mL/min/1.73 m2 OR urinary albumin ≥30 mg/g creatinine Reduce CKD progression and CV events

Established ASCVD, multiple ASCVD risk factors, or CKD Reduce the risk of MACE and/or hHF

GLP-1 RAc

CKD (if SGLT2 inhibitor not tolerated)
eGFR <60 mL/min/1.73 m2 OR urinary albumin ≥30 mg/g creatinine Reduce the risk of CV events

Established ASCVD or multiple ASCVD risk factors Reduce the risk of MACE

Ad uso esclusivo del Medical Affairs. 

Note del presentatore
Note di presentazione
Reference(s): 
American Diabetes Association. Standards of Medical Care in Diabetes-2023. Diabetes Care. 2023;46(suppl 1):S1-S298. https://ada.silverchair-cdn.com/ada/content_public/journal/care/issue/46/supplement_1/10/standards-of-care-2023-copyright-stamped-updated-120622.pdf
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GLP1 RA and SGLT-2 Inhibitors Address a Broad Range of 
Pathophysiologic Defects Associated With T2D1-10

37

1. Drucker DJ Diabetes. 2015;64:317-326. 2. Campbell JE et al. Cell Metab. 2013;17:819-837. 3. Baggio LL et al. Gastroenterology. 2007;132:2131-2157. 4. Ussher JR et al. Circ Res. 2014;114:1788-
1803 5. Bays H. Curr Med Res Opin. 2009;25;671-681. 6. Abdul-Ghani MA et al. Endocr Pract. 2008;14:782-790. 7. Marsenic O. Am J Kidney Dis. 2009;53:875-883. 8. Mather A et al. Kidney Int. 
2011;79(suppl 120):S1-S6. 9. FARXIGA PI. 6. Inzucchi SE. Diab Vasc Dis Res. 2015;12(2):90-100. 10. Asano T et al. Curr Med Chem. 2004;11:2717-2724

GLP-1RA SGLT-2
inhibitor

↓ Blood Glucose

↓ Blood Pressure

↓ Body Weight

↓ Appetite
↑ Glucose-dependent 

insulin secretion

Slows gastric emptying

↓ Systolic Blood Pressure
↓ Vascular stiffness

↑ Urinary glucose 
excretion

↓ Inflammation

Naturesis

↑ Heart rate
↓ Blood pressure
↑ LV function
↓ Infarct size 
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Note to presenter: 
[please click on the icon at the top right hand corner to go back to the table of contents slide.] 
[click on magnifying glass at the bottom right hand corner to go to the ominous octet (optional/hidden slide)]




GLP1RA, agonista del recettore del peptide 1 simile al glucagone; MACE, eventi cardiaci avversi maggiori; SGLT2i, inibitore del cotrasportatore sodio-glucosio 2.
Wilcox T et al. Diabetic Agents, From Metformin to SGLT2 Inhibitors and GLP1 Receptor Agonists. JACC 2020 Apr 28;75(16):1956-1974

#Expert Consensus ottenuta con metodo Delphi in un Panel di 80 Diabetologi italiani con solida esperienza clinica nel campo del diabete.
Lo statement citato (n. 24) ha ottenuto un livello di agreement del 76%, in accordo con la letteratura che dimostra le proprietà anti-aterosclerotiche dei GLP-1RA.
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