
UCCA

Congresso Nacional SBC-DCC

Inibidores de SGLT2: do controle glicêmico

ao tratamento da insuficiência cardíaca

Jose C. Nicolau*

Professor – Faculdade de Medicina da USP

Diretor – Unidade de Coronariopatia Aguda do InCor/HCFMUSP

E-mail jose.nicolau@incor.usp.br

*Potenciais conflitos de interesse: Coordenador Nacional dos estudos DECLARE e DAPA-HF, citados na apresentação; 
relação completa no www.ACC.org



UCCAThe global burden of heart failure is substantial and is on the 
rise 

HF, heart failure 
1. Kaur R, et al. Eur Heart J 2017;38:ehx502.P2452; 2.Savarese G and Lund LH. Card Fail Rev 2017;3:7–11 

10 year growth in prevalent CHF cases from 2016 1

Region

Heart failure currently affects at least 
26 million people worldwide and this 

burden is projected to grow2

Africa

↑ 32%

Latin America

↑ 44%

Asia/Pacific 
High income: ↑ 23%
Low income:  ↑ 37%

Europe

↑ 22%

North America

↑ 24%



UCCADespite advances in management, HF remains as ‘malignant’ as 
some of the common cancers in both men and women

HF, heart failure
Mamas MA, et al. Eur J of Heart Failure 2017;19:1095–1104

Despite advances
in care, men and 
women with a 
diagnosis of HF
continue to have 
worse survival than 
patients with one of 
several common 
cancers
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UCCAMortality improvements have been seen in major CV disease and 
atherosclerosis but not heart failure or arrhythmia in the US

CV = cardiovascular; IHD = ischemic heart disease; US = United States.
Cheng YJ et al. Diabetes Care. 2018;41:2306-2315.

Data from the US National Health Interview Survey was used to analyze 677,051 
adults over a mean follow-up period of 11.8 years from 1988 to 2015

P=0.011 P=0.067 P=0.564 P=0.809 P=0.325
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UCCA
Diabetes is Common Among Patients With HF 

 Prevalence of diabetes 
at baseline: selected 
clinical trials and 
registries 
in patients with HF* 

HFpEF HFrEF Registries
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(n=3345)
SOCRATE-R6

(n=456)
RELAX 2

(n=216)
EPHESUS4

(n=6642)
PARADIGM 5

(n=8399)SOCRATES -P3

(n=477)

OPTIMIZE8
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UCCAOf the non-diabetic HF patients, up to 50% have 
prediabetes
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Inzucchi SE, Sherwin RS 
in: Cecil Medicine 2011 
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The 7 Major Glucose-Lowering Drug Classes in  
Use in Patients with T2DM in US & Europe
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Adapted from: 
Inzucchi SE, Sherwin RS 
in: Cecil Medicine 2011 

SGLT-2 
inhibitors

GLITAZONESMetformin

S U s

DPP-4 
inhibitors

GLP-1R
agonists

Insulin “insulin 
providers”

“incretin
enhancers” 

“insulin
sensitizers
” 

“glucose
excreter” 

2 + 2 + 2 + 1 = 7
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SGLT2SGLT2 SGLT1

Normal P hysiology of 
Renal Glucose Homeostasis

Proximal 
tubule

S
1

Glomerulus Distal 
tubule

MinimalMinimal
glucose

excretion

S
3

Collecting 
duct

90%
10%10%

Glucose
reabsorption

Glucose
reabsorption

Wright EM. Am J Physiol Renal Physiol. 2001;280:F10-F18; Lee YJ et al. Kidney Int Suppl. 2007;106:S27-S35;  Han S. Diabetes.
2008;57:1723-1729.

Loop of 
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Glucose
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SGLT2SGLT2 SGLT1

Proximal 
tubule
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Glucose
reabsorption

Glucose
reabsorption

SGLT2 
inhibitor
SGLT2 

inhibitor

70-80 g/day 
(280-320 Kcal/day)

SGLT2 Inhibition Reduces
Renal Glucose Reabsorption

Wright EM. Am J Physiol Renal Physiol. 2001;280:F10-F18; Lee YJ et al. Kidney Int Suppl. 2007;106:S27-S35;  Han S. Diabetes.
2008;57:1723-1729.

Glucose
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SGLT2i CVOT meta-analysis

ASCVD, atherosclerotic cardiovascular disease; CI, confidence interval; hHF, hospitalization for heart failure; HR, hazard ratio; MACE, major adverse cardiovascular event; MRF, multiple risk factors; T2D, Type 2 diabetes 
1. Zelniker TA, et al. Lancet. 2019;393:31–39; 2. Einarson TR, et al. Cardiovasc Diabetol 2018;17:83

MACEhHF
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Globally CV disease affects about 30% of patients w ith T2D 2

Favors placeboFavors treatment Favors placeboFavors treatment



UCCAPump, pipes and filter: SGLT2i covers it all

aDefined as MACE
MACE, major adverse cardiovascular events; SGLT2i, sodium–glucose cotransporter 2 inhibitor
Verma S, et al. Lancet 2019;393:3–5

Secondary prevention population: 
SGLT2i prevent heart failure and renal 

disease, and reduce atherosclerotic eventsa

Primary prevention population: 
SGLT2i prevent heart failure and 
renal disease but do not reduce 

atherosclerotic eventsa

Major adverse 
cardiovascular 

events

Hospitalization 
for heart 
failure

Renal 
protection

Cardiorenal efficacy of SGLT2i

Diabetes 
established 

cardiovascular 
disease

Diabetes and 
multiple risk 

factors
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Não é possível exibir esta imagem no momento.

Kato et al, Circulation 3/19 

NNT=18.2

NNT=19.2



UCCAThe CV benefits of dapagliflozin appear early in T2D patients 
with HFrEFa

aDefined as EF <45% or severe/moderate LV systolic dysfunction, with or without history of HF. CV = cardiovascular; DAPA = dapagliflozin; EF =ejection fraction; HFrEF = heart failure with reduced ejection fraction; hHF = hospitalization for heart failure; HR = hazard 
ratio; LV = left ventricular; NNT = number needed to treat; PBO = placebo; T2D = type 2 diabetes; yrs = years.
Kato ET et al. Online ahead of print. Circulation. 2019. 
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Statins for the treatment of HF

• Statins help everyone and everything

• Great epidemiologic data that they help in HF

• Subgroups of statin trials of patients with HF 
showed substantial benefit

• These subgroups were similar size to the 
subgroups with HF in the SGLT-trials

• It’s a no-brainer that it will help HF especially 
ischemic HF

Figure: Effect of simvastatin on mortality among patients developing chronic heart failure (CHF) compared with those without 
clinical evidence of CHF in the Scandinavian Simvastatin Survival Study trial (1). White bar = placebo; shaded bar = 
simvastatin.



UCCAOops…..Statins great for HF prevention not treatment

Courtesy SD Anker

CORONA
Primary endpoint: 3P-MACE*

GISSI-HF
Co-primary endpoint: all-cause death
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McMurray…Nicolau et al. NEJM Sept 19, 2019
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……..nobody knows the all picture
Cardiac and renal
NHE3 blockade?

So how do SGLT-i’s work?
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Loop diuretics are particularly bad:

Francis et al, Ann Intern Med 1985;103:1
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SGLT2-i reduces sympathetic activity

J Hypertens 2017 10. 35:2059-2068. 10.1097/HJH.0000000000001434

Role of the sympathetic nervous system in regulation of the sodium glucose cotransporter 2.

Matthews, VB, Elliot, RH, Rudnicka, C, Hricova, J, Herat, L, Schlaich, MP

BACKGROUND: The sympathetic nervous system (SNS) regulates glucose metabolism in various organs including the kidneys.

The sodium glucose cotransporter 2 (SGLT2) mediates glucose reabsorption in renal proximal tubules and its inhibition has

been shown to improve glucose control, cardiovascular and renal outcomes. We hypothesized that SNS-induced alterations

of glucose metabolism may be mediated via regulation of SGLT2. METHOD: We used human renal proximal tubule cells to

investigate the effects of noradrenaline on SGLT2 regulation. Mice fed a high-fat diet were oral gavaged with dapagliflozin

and the expression of noradrenaline and tyrosine hydroxylase was measured in the kidney and heart.

RESULTS: Noradrenaline treatment resulted in a pronounced increase in SGLT2 and interleukin (IL)-6 expression in HK2

cells and promoted translocation of SGLT2 to the cell surface. In vivo, dapagliflozin treatment resulted in marked glucosuria

in high-fat diet-fed mice. SGLT2 inhibition significantly reduced high-fat diet-induced elevations of tyrosine hydroxylase and

noradrenaline in the kidney and heart. We also aimed to assess the levels of hypertension-related cytokines in the kidneys

of our mice treated with and without dapagliflozin. Excitingly, we demonstrate that SGLT2 inhibition with dapagliflozin

promoted a trend towards reduced tumour necrosis factor-alpha and elevated IL-1β protein levels in the kidney. 

CONCLUSION: Our in-vitro and in-vivo studies provide first evidence for an important cross-talk between the SNS and 

SGLT2 regulation that may not only account for SNS-induced alterations of glucose metabolism but potentially contribute 

to cardiovascular and renal protection observed with SGLT2 inhibitors.
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SGLT2-i reduces sympathetic activity

Wan  et al, Front Endorinol 2018; 10.3389/fendo.2018.00421
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