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Direct and Indirect Actions of SGLT2 Inhibitors

ATP, adenosine triphosphate; CRM, cardiovascular, renal and metabolic; eGFR, estimated glomerular 
filtration rate; RAAS, renin-angiotensin-aldosterone system; SNS, sympathetic nervous system.
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disease
↑ CRM 
disease

↓ SNS

↓ RAAS

↓ Oxidative stress

↓ Inflammation

↑ Natriuresis
↑ Tubuloglomerular feedback
↓ Albuminuria
↓ Fluid retention / Edema

↓ Uric acid
↓ Body mass
↑ Ketones
↑ Lipolysis / Triglycerides
↓ Glucose and insulin resistance

↑ Endothelial function
↓ Vascular stiffness
↓ Systemic blood pressure
↓ Fluid overload
↑ Hematocrit / O2 supply

SGLT2 
inhibition

↓ Cardiac preload
↓ Ventricular remodeling
↓ Atrial remodeling
↓ Systolic dysfunction
↓ Diastolic abnormalities
↓ Fibrosis

Givens RC, Schulze PC. In: Eisen H, ed. Heart Failure: A Comprehensive Guide to Pathophysiology and Clinical Care. London: 
Springer Verlag; 2017:1–26; Ronco C et al., J Am Coll Cardiol. 2008;52:1527; Santos-Ferreira D, et al. Cardiology. 2020;
145:311–20; Cowie M, Fisher M. Nat Rev Cardiol. 2020;17:761–72; Scheen AJ. Nat Rev Endocrinol. 2020;16:556–77.



COR LOE Recommendations

1 A
In patients with HFrEF and NYHA class II to III symptoms, the use of ARNi is
recommended to reduce morbidity and mortality

1 A
In patients with previous or current symptoms of chronic HFrEF, the use of ACEi
is beneficial to reduce morbidity and mortality when the use of ARNi is not 
feasible

1 B - R
In patients with chronic symptomatic HFrEF NYHA class II or III who tolerate an 
ACEi or ARB, replacement by an ARNi is recommended to further reduce 
morbidity and mortality

1 A
In patients with HFrEF, with current or previous symptoms, use of 1 of the 3 
beta blockers proven to reduce mortality is recommended to reduce mortality 
and hospitalizations

1 A

In patients with HFrEF and NYHA class II to IV symptoms, an MRA is 
recommended to reduce morbidity and mortality, if eGFR >30 mL/min/
1.73 m2 and serum potassium is <5.0 mEq/L

1 A
In patients with symptomatic chronic HFrEF, SGLT2i are recommended to 
reduce hospitalization for HF and cardiovascular mortality, irrespective of the 
presence of type 2 diabetes

Guideline Directed Medical Therapy for HFrEF
includes 4 medication classes

Heidenreich PA, et al. J Card Fail 2022

2022 ACC/AHA/HFSA Guideline for the Management of Heart Failure - DOI: 

10.1016/j.cardfail.2022.02.010



SGLT2i are now Guideline Directed Medical Therapy 
for HFmrEF and HFpEF

COR LOE Recommendations

2a B - R
In patients with HFpEF, SGLT2i can be beneficial in 
decreasing HF hospitalizations and cardiovascular 
mortality

Heidenreich PA, et al. J Card Fail 2022

2022 ACC/AHA/HFSA Guideline for the Management of Heart Failure - DOI: 

10.1016/j.cardfail.2022.02.010

COR LOE Recommendations

2a B - R
In patients with HFmrEF, SGLT2i can be beneficial in 
decreasing HF hospitalizations and cardiovascular 
mortality



SGLT2 Inhibitors in Patients with Chronic HFrEF

CV Death/ HF hospitalization
EMPEROR-Reduced

Packer M et al  N Engl J Med. 2020;383(15):1413-1424.

DAPA-HF
CV Death/ HF hospitalization

Outcomes similar with or without comorbid diabetes

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

HR 0.75
(95% CI 0.65, 0.85)

P <.0001
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SGLT2 Inhibitors in Patients with Chronic HFrEF

Packer M et al  N Engl J Med. 2020;383(15):1413-1424.McMurray et al. N Engl J Med. 2019;381:1995-2008.



Shekelle PG et al. JACC 2003



Zannad F et al. Lancet 2020;396:919-29



Morris AA, Testani J, Butler J. Circulation 2021;143(24):2329-2331



Relative Deficiency of Natriuretic Peptides 
in Black Individuals at Risk for HF 

43 pg/mL [17-90]

43 pg/mL [17-94]

53 pg/mL [23-107]

68 pg/mL [34-136]

P=0.0001 for race/ethnic difference in NT-proBNP

N=3,148 subjects from Dallas Heart Study 
(51% Black, 31% White, 18% Hispanic)

N=5,597 subjects from MESA (24% black, 
40% white, 23% Hispanic, 13% Chinese)

Gupta et al. JACC : HF 2015 Gupta et al. Am J Cardiol 2017 



Relative deficiency of natriuretic peptides in Black 
patients with HF 

Ibrahim N et al. Circulation HF 2020 

N=782 subjects in PROVE-HF (mean age 68±13 years, 22% Black)



A 20%     in European ancestry 

→ 12%    in NT-pro BNP
A 20%    in European ancestry             
→ 7%     in NT-pro BNP

A 20%     in African ancestry
→ 10%     in NT-pro BNP

Relative Deficiency of Natriuretic Peptides 
in Black Individuals at Risk for HF

Gupta et al. Am J Cardiol 2017 

A 20%    in African ancestry
→ 10%     in NT-pro BNP



Physiologic Consequences of 
Relative Natriuretic Peptide Deficiency

Gupta et al. JACC HF 2015 



Physiologic Consequences of 
Relative Natriuretic Peptide Deficiency

Wang J, Morris AA et al. J Am Coll Cardiol 2022; 79(9):S290

Black (n=50) Non-Black (n=178) P-value

Age (years) 63.1 ± 12.3 70.6 ± 11.2 < 0.001

Male 32 (64%) 149 (83.7%) 0.004

BMI (kg/m2) 33.3 ± 8.9 31.7 ± 7.6 0.2

Diabetes 27 (54%) 100 (56.2%) 0.9

Heart Rate (BPM) 82 ± 14.7 74 ± 12.4 < 0.001

Systolic BP (mmHg) 119 ± 18 115 ± 17.7 0.1

LVEF (%) 24.7 ±11.1 29.6 ± 11.4 0.01

Ischemic Cardiomyopathy 16 (32%) 125 (70.2%) <0.001

ACE-I/ARB 32 (64%) 89 (50%) 0.1

Beta Blocker 42 (84%) 155 (87.1%) 0.7

Aldosterone Antagonist 16 (32%) 54 (30.3%) 0.9

eGFR (mL/min/1.73 m2)* 40.8 ± 11.1 41.4 ± 14.5 0.7

NT-proBNP 5960 
[3670 – 9720]

6550 
[3200 – 11400]

0.7

Data are mean ± SD, median [interquartile range], or N (%). 

Post-Hoc Analysis of ROSE-AHF with EF ≤50%



Direct and Indirect Actions of SGLT2 Inhibitors
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filtration rate; RAAS, renin-angiotensin-aldosterone system; SNS, sympathetic nervous system.
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HF

T2DMCKD

SGLT2i = Foundational Cardio-Renal-Metabolic Therapy

12% to 45% of patients with 

HF have T2DM1,2
35% to 45% of patients with 

HF have CKD1

20% to 44% of patients 

with T2DM have CKD2,31. Packer M. Diabetes Care. 2018;41:11-13. 

2. Wanner C. Am J Cardiol. 2017;120:S59-S67. 

3. https://www.cdc.gov/nchs/data/databriefs/db319.pdf. Accessed November 7, 2019. 

4. Wang T et al. Diabetes Metab Syndr. 2019;13:612-615. Slide courtesy of Muthu Vaduganathan MD
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• 12.4% Non-Hispanic Black
• 10.2% Hispanic
• 9.4% Non-Hispanic White 

• 14% Hispanic
• 13% Non-Hispanic Black
• 9.2% Non-Hispanic White 

• 3.4% Non-Hispanic Black
• 2.1% Hispanic
• 1.9% Non-Hispanic White 



Essien U, Dusetzina S, Gellad WF. JAMA 2021 



Disparities in Prescriptions of SGLT2i 
by Race and Ethnicity

Elhussein et al. Lancet Reg Health Am. 2022 



Disparities in Prescriptions of SGLT2i 
by Race and Ethnicity

Elhussein et al. Lancet Reg Health Am. 2022 



Disparities in Prescriptions of SGLT2i 
by Race and Ethnicity

Eberly et al. JAMA Netw Open. 2021;4(4):e216139 



Disparities in Prescriptions of SGLT2i 
by Race and Ethnicity

Eberly et al. JAMA Netw Open. 2021;4(4):e216139 



Conclusions

• Black patients have a high prevalence of HF, diabetes, and chronic 
kidney disease, and a high risk of adverse outcomes. Thus, the 
potential therapeutic benefit of SGLT2i in this population is very high

• Despite this, recent data confirm that Black patients are less likely 
than other race-ethnic groups to be prescribed SGLT2i

• Much work remains to achieve health equity in HF – achieving 
pharmacequity is one mechanism to reduce healthcare disparities 


