
振興醫院
心臟內科 任勗龍醫師(MD,PhD)

complete the Cardio-renal syndrome Puzzle : New Era of SGLT2 inhibitor



2

Outline

2019-2020 Guideline for T2DM Management

What is Cardio-renal syndrome (CRS)?

The role of SGLT2 inhibitors in CRS

Canaglu: the critical piece of CRS puzzle

CAN-20200324.No2



3

Outline

2019-2020 Guideline for T2DM Management

What is Cardio-renal syndrome (CRS)?

The role of SGLT2 inhibitors in CRS

Canaglu: the critical piece of CRS puzzle

CAN-20200324.No2



2019 ADA Updated Guideline 

2019 update to: Management of hyperglycaemia in 
type 2 diabetes, 2018. 

A consensus report by the American Diabetes 
Association (ADA) and the European Association for the 
Study of Diabetes (EASD)

CAN-20200324.No2



Changes to consensus recommendations

51. Diabetologia (2020) 63:221–228 CAN-20200324.No2



GLUCOSE-LOWERING MEDICATION IN TYPE 2 DIABETES: 
OVERALL APPROACH

61. Diabetologia (2020) 63:221–228 CAN-20200324.No2



GLUCOSE-LOWERING MEDICATION IN TYPE 2 DIABETES: 
OVERALL APPROACH

71. Diabetologia (2020) 63:221–228 CAN-20200324.No2
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A Consensus Report by the American Diabetes Association (ADA) and the 
European Association for the Study of Diabetes (EASD) - 2018

ASCVD
Indicators of high ASCVD risk
• Age ≧ 55 yrs + LVH
or
• Coronary, carotid, lower extremity 

artery stenosis >50%

HF
• HFrEF (LVEF <45%)
CKD
• eGFR 30-60
or
• UACR >30 mg/g, particular UACR > 

300mg/g

If individualised HbA1c target 
achieved and already on dual 
therapy or multiple glucose-
lowering therapies when adding 
SGLT2i or GLP-1 RA, consider 
stopping or reducing dose of other 
glucose-lowering therapy to reduce 
the risk of hypoglycemia.

1. Diabetologia (2020) 63:221–228 CAN-20200324.No2



GLUCOSE-LOWERING MEDICATION IN TYPE 2 DIABETES: 
OVERALL APPROACH

91. Diabetologia (2020) 63:221–228 CAN-20200324.No2



2019 ESC Guideline

2019 ESC Guidelines on diabetes, pre-

diabetes, and cardiovascular diseases 

developed in collaboration with the EASD

CAN-20200324.No2



2. Eur Heart J. 2020 Jan 7;41(2)255-323. CAN-20200324.No2



7.1.2.3 

Implications of recent cardiovascular outcome 

trials

The results obtained from these trials, using both 

GLP1-RAs (LEADER, SUSTAIN-6, Harmony Outcomes, 

REWIND, and PIONEER 6) and SGLT2 inhibitors 

(EMPA-REG OUTCOME, CANVAS, DECLARETIMI 58, 

and CREDENCE), strongly suggest that these drugs 

should be recommended in patients with T2DM with 

prevalent CVD or very high/high CV risk, such as 

those with target-organ damage or several CVRFs, 

whether they are treatment naı¨ve or already on 

metformin.

+

2. Eur Heart J. 2020 Jan 7;41(2)255-323. CAN-20200324.No2



Treatment algorithm in patients with type 2 
diabetes mellitus - drug-naı¨ve

2. Eur Heart J. 2020 Jan 7;41(2)255-323. CAN-20200324.No2



Treatment algorithm in patients with type 2 
diabetes mellitus - metformin-treated patients

2. Eur Heart J. 2020 Jan 7;41(2)255-323. CAN-20200324.No2



Recommendations for glucose-lowering treatment 
for patients with diabetes

ACS = acute coronary syndromes; CV = cardiovascular; CVD = cardiovascular disease; DM = diabetes mellitus; DPP4 = 
dipeptidyl peptidase-4; GLP1-RA = glucagon-like peptide-
1 receptor agonist; HF = heart failure; SGLT2 = sodium-glucose co-transporter 2; T2DM = type 2 diabetes mellitus.
a Class of recommendation.
b Level of evidence.

2. Eur Heart J. 2020 Jan 7;41(2)255-323. CAN-20200324.No2
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TYPE 2 DIABETES AND ATHEROSCLEROTIC CARDIOVASCULAR DISEASE

Microvascular complications of diabetes (retinopathy, nephropathy, and 
neuropathy) are directly related to the severity and duration of hyperglycaemia, 
as reflected by the HbA1c

Macrovascular complications are the primary cause of mortality, with myocardial 
infarction (MI) and stroke accounting for 80% of all deaths in T2DM patients

How about non-atherosclerotic cardiovascular disease? Such as Heart failure and 
death



Major Complications of Diabetes

18
https://pdb101.rcsb.org/global-health/diabetes-mellitus/monitoring/complications
3. Diabetes Care, 37(1), 9–16. doi: 10.2337/dc13-2112
The Korean Journal of Physiology & Pharmacology, 18(1), 1. doi: 10.4196/kjpp.2014.18.1.1

CAN-20200324.No2

https://pdb101.rcsb.org/global-health/diabetes-mellitus/monitoring/complications


Glucose-lowering studies confirmed benefit on microvascular complications but mixed 
results on macrovascular outcomes

Study1 Baseline HbA1c Control vs 
intensive      

Mean duration of 
diabetes at baseline 

(years) Microvascular CVD Mortality

UKPDS 9%→ 7.9% vs 7% Newly diagnosed ↓ ↔ ↔

ACCORD1–3 8.3%→ 7.5% vs 6.4% 10.0 ↓* ↔ ↑

ADVANCE 7.5 %→ 7.3% vs 6.5% 8.0 ↓ ↔ ↔

VADT 9.4 %→ 8.4% vs 6.9% 11.5 ↓ ↔ ↔

*No change in primary microvascular composite but significant decreases in micro/macroalbuminuria2,3

**No change in major clinical microvascular events but significant reduction in ESRD (p = 0.007)5

1. Table adapted from Bergenstal et al. Am J Med 2010;123:374.e9–e18.  2. Genuth et al. Clin Endocrinol Metab 2012;97:41–8.  
3. Ismail-Beigi et al. Lancet 2010;376:419–30.  4. Hayward et al. N Engl J Med 2015;372:2197-206 (VADT).  5. Zoungas et al. N Engl J Med 2014;371:1392-406.

Long-term follow-up1,4,5

↓ ↓ ↔ ↓ ↔ ↓

↓ ↔** ↔ ↔ ↔ ↔

↓ ? ↔ ↓ ↔ ↔
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Toxic Triad of Heart Failure in Diabetes

4. Diabetes Care 26:2433–2441, 2003

Coronary 
artery disease

Hypertension

Diabetic 
cardiomyopathy

CAN-20200324.No2



CV risk reduction in T2D may require multiple interventions including BP and lipid 
management

*Non-fatal MI, CHD, stroke and all-cause mortality
1. Sattar N. Diabetologia 2013;56:686; 2. Ray KK et al. Lancet 2009;373:1765
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Diabetes and heart failure

• Heart failure is highly prevalent in patients with DM occurring in >1 in 5  patients aged 
over 65 yrs

• Patients with both DM and heart failure have a poor prognosis with a median survival 4 
yrs

• Glucose lowering options for patients with type 2 DM and heart failure are limited .Meta-
analysis of more or less intensive glucose control showed no benefit on heart failure 
hospitalization or death

• Specific glucose-lowering medications have not been shown to improve heart failure 
outcome and some may actually have deleterious effect (eg TZD)



Heart Failure increases Mortality

235. Diabetes Care 2018;41:1285–1291
6 Circulation. 2019;140:e294–e324.

14%

22%

29%

37%

In unadjusted analyses, patients with diabetes had a higher risk of
development of HF (hazard ratio 1.53 [95% CI 1.32–1.78]; P < 0.001), 
HF hospitalization (2.04 [1.65–2.52]; P < 0.0001)

CAN-20200324.No2
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Prevalence of HF in DM2
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7 Diabetologia. 2012 Aug;55(8):2154-62 CAN-20200324.No2
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Heart Failure in Diabetes

8 Diabetes Care 2001 Sep; 24(9): 1614-1619. CAN-20200324.No2
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Pathophysiology of neurohumoral and inflammatory 
pathways involved in cardiorenal syndrome

9 Circulation. 2019;139:e840–e878. CAN-20200324.No2



Cardio-Renal Syndrome Does Matter

27
10 European Heart Journal (2012) 33, 2135–2143 CAN-20200324.No2



Cardiovascular and renal disease continuum

2811 Am J Kidney Dis 2000; 35:S117-31 CAN-20200324.No2



Changes in Cardiovascular Disease Risk During
Chronic Kidney Disease Progression

29
12 J Am Coll Cardiol. 2019;74(14):1823–38. CAN-20200324.No2



Classification of Cardio-Renal-Syndrome (CRS)

30
13. Circulation. 2019;139:e840–e878. CAN-20200324.No2
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Compelling evidence of SGLT2i in cardiorenal benefits



14. J Clin Med Res. 2018 Aug;10(8):615-625

Current clinical hypothetical explanations for the 
cardioprotective effect of SGLT2 inhibitors

CAN-20200324.No2
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Proposed mechanism of cardiovascular protection by 
SGLT2 inhibitors

15. J Cardiol. 2018 May;71(5):471-476. CAN-20200324.No2



The renal-cardio hypothesis for cardiovascular protection 
with SGLT2i: a nephrocentric perspective

3516. Circulation. 2016;134:752–772. CAN-20200324.No2



Presented at the 79th Scientific Sessions of the American Diabetes Association; 
June 11, 2019; San Francisco, CA.

Many Renal Effects of SGLT2 Inhibition Have Been 
Proposed

Intraglomerular pressure 

Oxidant stress
BP/arterial 
stiffness

AlbuminuriaGlucose

Intrarenal
angiotensinogen 
upregulation

Volume

Inflammation/fibrosis
And many others…

CAN-20200324.No2
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Timeline and population of major SGLT2 inhibitor 
outcome trials

17 Am J Nephrol 2017;46:462–472

DECLARE-TIMI 58
T2DM + CVD risk/history

(N=17160; ~4 years follow-up)

* Note that the patient populations in CANVAS and CANVAS-R are nearly identical to 
facilitate an integrated analysis of the data.

CAN-20200324.No2
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Higher Renal Risk Population in CREDENCE

18. N Engl J Med 2015; 373:2117-2128
19. N Engl J Med 2017; 377:644-657
20. N Engl J Med 2019; 380:1880-1882
21. N Engl J Med 2019; 380:2295-2306
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EMPA-REG 
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Median
UACR
(mg/g

)

13

12

18

927

Mean eGFR
(mL/min/1.73 

m2) 

85

76

74

56
Events on dialysis, transplantation, or 
death due to kidney disease

D

C

E

Trial Events Patients

CREDENCE 183 4,401

DECLARE-TIMI 58 34 17,160

CANVAS Program 21 10,142

EMPA-REG OUTCOME 14 7,020

Weights were from random-effects meta-analysis. Data from DECLARE-TIMI 58 have not been 
previously reported. SGLT2=sodium-glucose co-transporter-2. RR=relative risk.

CAN-20200324.No2
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Cardio-Renal Syndrome Does Matter

EMPA-REG CANVAS DECLARE CREDENCE

Active Placebo Active Placebo Active Placebo Active Placebo

3P-
MACE

37.4 43.9 26.9 31.5 22.6 24.2 38.7 48.7

HHF 9.4 14.5 5.5 8.7 6.2 8.5 15.7 25.3

CV 
death

12.4 20.2 11.6 12.8 7.0 7.1 19 24.4

no. of participants per 1000 patient-yr

EMPA-REG CANVAS DECLARE CREDENCE
CVD 99.2% 65.6% 40.6% 50.4%

non-CVD 0.8% 34.4% 59.4% 49.6%
Mean 
eGFR

74 76 85 56

Mean 
UACR

18 12 13 927

18. N Engl J Med 2015; 373:2117-2128
19. N Engl J Med 2017; 377:644-657
20. N Engl J Med 2019; 380:1880-1882
21. N Engl J Med 2019; 380:2295-2306 CAN-20200324.No2



Microalbuminuria: A Manifestation 
of Diffuse Endothelial Cell Injury

4022. J Clin Hypertens. 2004; 6 (Suppl; 3):2-7 CAN-20200324.No2
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Association of eGFR and albuminuria
with all-cause death and CV death

23. Lancet. 2010 Jun 12;375(9731):2073-81.

Early intervention is important to reduce mortality

≥300 mg/g
30-299 mg/g
<30 mg/g

CAN-20200324.No2



The relationship between eGFR slope and subsequent risk of vascular outcomes 
and all-cause mortality in type 2 diabetes: the ADVANCE-ON study

4224. Diabetologia (2019) 62:1988–1997.

Combined major renal events, macrovascular 
events and all cause mortality (primary 
outcome)

Major renal events

Major macrovascular events All-cause mortality

CAN-20200324.No2



Controlling progression of MAU as a means of reducing CV risk
The LIFE study

4325. Hypertension 2005;45:198-202. MAU: microalbuminuria

CV = cardiovascular; LVH = left ventricular hypertrophy; Ab at BL =  albuminuria at baseline/value after 1 year (Yr 1)

Prognosis after reduction of albuminuria
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N= 9,193 hypertensive patients with LVH
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Low Alb at BL/High at Yr 1

Low Alb at BL/Low at Yr 1

Reducing UACR during treatment is associated with a reduction 
in CV death, stroke and myocardial infarction in patients with hypertension
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SGLT2 Inhibition + RAAS Blockade = 
Afferent Constriction + Efferent Dilation

26. Diabetologia (2014) 57:2599–2602
27. Circulation. 2014 Feb 4;129(5):587-97. 
Weber M et al. AHA 2013, Poster 2095

44
CAN-20200324.No2



Physiological mechanisms implicated in changes in 
renal function following inhibition of SGLT2

15. J Cardiol. 2018 May; 71(5): 471-476.
45

CAN-20200324.No2



Anemia and Increased Cardiovascular Disease  -
ARIC Study

4628. J Am Coll Cardiol. 2002 Jul 3;40(1):27-33. CAN-20200324.No2



Anemia and CV Death in ACS

4729. Circulation. 2005 Apr 26;111(16):2042-9. CAN-20200324.No2
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The tubular hypothesis of diabetic glomerular 
hyperfiltration: effect of SGLT2 inhibition

30. Curr Opin Nephrol Hypertens. 2016 Jan;25(1):50-8. CAN-20200324.No2
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Mean eGFR 76 ml/min
Mean ACR 12mg/gCr

Mean eGFR 56 ml/min
Mean ACR 923 mg/gCr

Secondary renal outcomes of the 
CANVAS/CANVAS R study

CREDENCE study

Canagliflozin can reduce eGFR slope

5019. N Engl J Med 2017; 377:644-657
21. N Engl J Med 2019; 380:2295-2306 CAN-20200324.No2



Canagliflozin can reduce UACR

19. N Engl J Med 2017; 377:644-657
21. N Engl J Med 2019; 380:2295-2306

51

Mean eGFR 76 ml/min
Mean ACR 12mg/gCr

Mean eGFR 56 ml/min
Mean ACR 923 mg/gCr

Secondary renal outcomes of the 
CANVAS/CANVAS R study

CREDENCE study

CAN-20200324.No2



52
31. Diabetes Ther (2019) 10:1719–1731

SGLT2 inhibitors cardiorenal protection mechanistic overview

CAN-20200324.No2



Presented at the 79th Scientific Sessions of the American Diabetes Association; 
June 11, 2019; San Francisco, CA.

Primary Outcome:
ESKD, Doubling of Serum Creatinine, or Renal or CV Death
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Perkovic V, et al. N Engl J Med. 2019. doi: 10.1056/NEJMoa1811744. 
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Presented at the 79th Scientific Sessions of the American Diabetes Association; 
June 11, 2019; San Francisco, CA.

Acute and Long-term Effects on eGFR
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Months since randomization

No. of Participants

Placebo 2178 2084 1985 1882 1720 1536 1006 583 210

Canagliflozin 2179 2074 2005 1919 1782 1648 1116 652 241

56.4 56.0

Canagliflozin Placebo

Chronic eGFR slope
Difference: 2.74/year (95% CI, 2.37–3.11)

–4.59/year
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60% reduction in the rate of eGFR 
decline with canagliflozin

On treatment

–1.85/year

Perkovic V, et al. N Engl J Med. 2019. doi: 10.1056/NEJMoa1811744. 
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Canagliflozin Improves Erythropoiesis in Diabetes Patients 
with Anemia of Chronic Kidney Disease

5532. Diabetes Technol Ther. 2019 Dec;21(12):713-720. CAN-20200324.No2



Canagliflozin can reduce Cardiac and Renal Risk in T2DM

5619. N Engl J Med 2017; 377:644-657
21. N Engl J Med 2019; 380:2295-2306

Trial Recruit criteria Primary endpoint Result

CANVAS

• T2DM 
• HbA1c ≥ 7.0% to ≤ 10.5%
• eGFR ≥30 mL/min/1.73 m2
• Age ≥30 years and history of prior CV 

event or Age 50 years with 2 CV risk 
factors

• CV death
• Nonfatal MI
• or nonfatal stroke

-14%

CREDENCE

• ≥30 years of age 
• T2DM and HbA1c 6.5% to 12.0%
• eGFR 30 to 90 mL/min/1.73 m2
• UACR 300 to 5000 mg/g
• Stable max tolerated labelled dose of

ACEi or ARB for ≥4 weeks

• ESKD
• Doubling of serum 

creatinine
• or renal or CV death

-30%

CAN-20200324.No2
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Canagliflozin slowed the loss of kidney function across all 
UACR subgroups (Data from CANVAS trial)

33. JASN 30: 2229–2242, 2019 CAN-20200324.No2
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Effects of canagliflozin on cardiovascular and renal outcomes in 
participants according to baseline eGFR categories 

(Data from CANVAS trial)

34. Circulation. 2018;138:1537–1550. CAN-20200324.No2
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Canagliflozin reduced the risk of both CV and renal events in patients 
with T2DM and CKD without a significant interaction across the 
spectrum of baseline HbA1c values (Data from CREDENCE trial)

35. Circulation. 2020 Feb 4;141(5):407-410. CAN-20200324.No2
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Canagliflozin reduced the risk of both CV and renal events in patients 
with T2DM and CKD without a significant interaction across the 
spectrum of baseline HbA1c values (Data from CREDENCE trial)

35. Circulation. 2020 Feb 4;141(5):407-410. CAN-20200324.No2



Take Home Message

• In appropriate high-risk individuals with established type 
2 diabetes, the decision to treat with a GLP-1 receptor 
agonist or SGLT2 inhibitor to reduce MACE, hHF, CV 
death or CKD progression should be considered 
independently of base line HbA1c or individualized 
HbA1c target. 1

• Cardio-renal interactions in heart failure and kidney 
disease. Most of the mechanisms may be activated by 
each of the two conditions and are able to affect both 
cardiac and renal function. 2

61
1: 1. Diabetologia (2020) 63:221–228
2:  10 European Heart Journal (2012) 33, 2135–2143 CAN-20200324.No2



Thank You For Your Attention

財團法人振興醫院
CHENG  HSIN  GENERAL HOSPITAL



Notice

63Canaglu台灣仿單，TW-201905

• 提醒您Canagliflozin在台灣核准的仿單內容中，建議之劑量與應注意事項：

• Canagliflozin在台灣上市，核准可使用劑量僅為100mg。(Please be noted, 
canagliflozin approved dose in Taiwan is only 100mg. )

• 病人的eGFR 如果持續低於45 mL/min/1.73 m2，不建議使用 Canagliflozin；
Canagliflozin 禁止用於 eGFR 低於30 mL/min/1.73 m2 的病人。(Initiation or 
use of canagliflozin is not recommended if eGFR is below 45 mL/min/1.73 
m2. Canagliflozin is contraindicated in patients with an eGFR less than 30 
mL/min/1.73 m2)

CAN-20200324.No2


