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Diabetic kidney disease (DKD) causes a progressive decline in renal function, leading to end-stage kidney disease

(ESKD), and increases the likelihood of cardiovascular events and mortality. The introduction of the sodium-glucose co-

transporter 2 (SGLT-2) inhibitor has been a game changer in managing chronic kidney disease (CKD) and congestive

heart failure (CHF). These agents not only slow down the progression of kidney disease but also have cardioprotective

benefits, including for patients with congestive heart failure and atherosclerotic cardiovascular disease. Some evidence

suggests that they can decrease the risk of stroke as well.
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1. Introduction

Diabetic kidney disease is the most common type of chronic kidney disease (CKD) and end-stage kidney disease (ESKD),

with substantial morbidity and mortality worldwide . Chronic kidney disease and congestive heart failure frequently

coexist in patients with underlying diabetes mellitus (DM). The association between diabetes mellitus and heart failure

(HF) has been well documented. Chronic kidney disease is considered an independent risk factor for cardiovascular

disease, and the likelihood of cardiovascular mortality increases with a decline in renal function .

Traditional medical management for CKD and CHF includes blood pressure control, tight glycemic management, and

renin–angiotensin–aldosterone system (RAAS) blockade. In practice, angiotensin-converting enzyme inhibitors (ACE

inhibitors) or angiotensin receptor blockers (ARBs) are the first line of agents in patients with hypertension and DKD, even

in the absence of proteinuria. ACE inhibitors/ARBs have been shown to decrease the risk of progression of CKD in

patients with proteinuria, although these agents have not been shown to reduce the progression to ESKD in

nonproteinuric patients .

The introduction of SGLT-2 inhibitors has radically changed the therapeutic landscape for CKD and CHF patients. This

has added new opportunities for improving outcomes in these patients. SGLT-2 inhibitors were initially developed as

glucose-lowering medication. Still, during the earlier cardiovascular outcome trials (CVOTs), it became clear that there is a

significant advantage for kidney protection and cardioprotection.

Currently, four SGLT-2i agents are available in North America: canagliflozin, dapagliflozin, empagliflozin, and ertugliflozin,

whereas the fifth agent, sotagliflozin, is a combined SGLT-1 and SGLT-2 inhibitor that the FDA recently approved in May

2023 for use in the USA.

2. Mechanism of Action

SGLT-2 inhibitors work by inhibiting the SGLT-2 channel found in the proximal convoluted tubules. This channel is

primarily responsible for absorbing most of the filtered glucose, which is >90%. This leads to glucosuria, which is more

pronounced in individuals with diabetes than in non-diabetic individuals. The extent of glucose reduction is influenced by

kidney function, and it declines when the eGFR falls below 60 mL/min per 1.73 m . This effect is almost nonexistent with

an eGFR below 30 mL/min per 1.73 m  .

The renoprotective benefits of SGLT-2 inhibitors are independent of the glycosuria effect. It is proposed that SGLT-2

inhibitors reduce sodium reabsorption, leading to increased sodium delivery to the macula densa, which causes negative

feedback through the tubuloglomerular feedback mechanism. This results in decreased intraglomerular pressure, causing

lowered glomerular hyperfiltration . Refer to Figure 1.
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Figure 1. Mechanism of organ protection.

It has also been proposed that SGLT-2 inhibitors exert renal protection by improving tubular hypoxia by blocking proximal

tubular reabsorption of glucose, reducing the workload of the proximal tubules . Chronic tubular hypoxia has been

attributed to the progression of underlying chronic kidney disease in patients with diabetes mellitus .

Beyond glucosuria, they also contribute to modest bp control, kaliuresis, and reduction in oxidative stress, as well as

reducing markers of inflammation and fibrosis such as interleukin-6, monocyte chemoattractant protein 1 (MCP-1),

nuclear factor-kB, urinary IL-6 as well as serum tumor necrosis factor receptor 1 (TNFR1) .

These kidney protective benefits lead directly to an improved metabolic profile and indirectly to beneficial effects on

cardiovascular disease. Cardioprotective benefits include a decline in arterial stiffness and improvement in endothelial

function. SGLT-2 inhibitors also cause diuresis and natriuresis, which may cause a reduction in preload .

3. Effectiveness

3.1. Effectiveness in CKD

Initial cardiovascular outcome trials (CVOTs), including EMPA-REG OUTCOME and CANVAS, were the first to

demonstrate the kidney benefit as a secondary outcome. Subsequently, CREDENCE, DAPA-CKD, and EMPA-KIDNEY

are the major randomized clinical trials that have solidified prior findings that SGLT-2 inhibitors are effective in slowing the

progression to ESKD, reducing albuminuria, and preventing adverse outcomes, including the need for dialysis and

cardiovascular mortality. All three trials were terminated early due to strong evidence of efficacy.

The CREDENCE trial included patients with an eGFR 30–90 mL/min/1.73 m  and albuminuria (microalbumin-to-creatinine

ratio (ACR) of 300–5000 mg/g) and 3.9% of patients had an eGFR less than 30 mL/min per 1.73 m . It showed that

canagliflozin at a dose of 100 mg once daily was effective in reducing the incidence of ESKD, heart failure hospitalization,

all-cause mortality, and cardiovascular mortality, as well as doubling serum creatinine by approximately 30–35% . In a

separate subgroup analysis of patients with an eGFR less than 30 mL/min per 1.73 m , it was found that it was equally

effective in slowing down the progression of kidney disease as compared to patients with an eGFR greater than 30

mL/min/1.73 m  .

DAPA-CKD included patients with an eGFR of 25 to 75 mL/min per 1.73 m , proteinuria of 200 to 5000 mg/g, and one-

third of the participants in this study had nondiabetic CKD. This trial showed that dapagliflozin 10 mg once daily was able

to reduce the incidence of ESKD, all-cause mortality, and cardiac mortality by approximately 35–45%, doubling serum
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creatinine. The DAPA-CKD trial demonstrated that the protective benefit increases with an increasing hemoglobin A1c

level as well as with increased proteinuria and decreased eGFR .

The EMPA-KIDNEY trial is the most recent, published in November 2022, which included patients with an eGFR of 20 to

44 mL/min/1.73 m  (regardless of albuminuria) or an eGFR of 45 to 89 mL/min/1.73 m  (if albuminuria > 200 mg/g). This

was the first trial that included patients with no albuminuria; most patients in this trial (54%) had known chronic diabetic

kidney disease. It demonstrated that empagliflozin 10 mg daily reduces the incidence of ESKD, cardiovascular mortality,

and all-cause mortality by 25–30%, doubling serum creatinine. The most significant benefit was seen in patients with

albuminuria ≥ 300 mg/g and less effect in patients with lower levels of proteinuria . In this trial with a subgroup of

normal albuminuria, the primary endpoint showed no improvement. It is unclear whether this was a false negative or a

true negative result. One reason could be that this study was terminated early, after two years, so maybe the duration was

not sufficiently long enough to see a difference. However, more studies are needed to evaluate the effect of SGLT-2

inhibitors in patients with normal albuminuria. (Table 1).

Table 1. Summary of major clinical Trials.

Trial CREDENCE DAPA-HF DAPA CKD VERTIS EMPA KIDNEY

Drug dose
Canagliflozin 100

mg 100 mg

Dapagliflozin 10

mg

Dapagliflozin 10

mg

Ertugliflozin 5,

15 mg
Empagliflozin 10 mg

Year

published
June 2019 November 2019 March 2020 June 2020 November 2022

Median

follow up
2.6 yrs. 18.2 months 2.4 yrs. 3.5 yrs. 2 yrs.

eGFR on

enrollment

>30, UACR 300–

5000 mg/gm

>30 (40% pt had

eGFR < 60)

25–75, UACR

200–5000

mg/gm

>30

20–45 or >45 < 90,

if UACR > 200

mg/gm

DM-2 on

enrollment
DM-2 only 42% had DM-2

30% non-

diabetic
DM only

Both Diabetic and

non-Diabetic

2.2% had DM-type 1

CVD on

enrollment
50% participants All participants

37%

participants

76.3% had CAD,

23% had CHF
26% participants

Primary

outcome

ESKD, doubling of

serum creatinine,

death from renal or

CV causes.

CV death, heart

failure

hospitalization, all-

cause mortality

ESKD, >50%

drop in eGFR,

death from renal

and CV causes

MACE (CV

death, MI,

stroke)

ESKD, sustained

decrease in eGFR <

10, in eGFR > 40%,

death due to renal

or cv Causes.

Secondary

outcome

Cardiovascular

mortality, all-cause

mortality, MI,

stroke.

ESKD, >50% drop

in eGFR lasting

>28 days, death

from renal causes.

Same as above.

Composite of

renal death,

dialysis,

doubling of

serum creatinine

Heart failure

hospitalization, all

cause mortality, all

cause

hospitalization
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Trial CREDENCE DAPA-HF DAPA CKD VERTIS EMPA KIDNEY

Results

Reduction in

primary outcome

by 30–35%

Reduction in

- CV death, HF by

24%,

- All cause

mortality by 17%

Reduction in

primary

outcome by 35–

45%

no statistically

significant

improvement in

primary

outcomes.

Reduction in primary

outcome by 25–30%

NNT (for

primary

outcome)

22 21 19 Not available Not available

DM-2—Type 2 Diabetes mellitus; CAD—coronary artery disease; CHF—congestive heart failure; CVD—cardiovascular

disease; ESKD—end-stage kidney disease; MI—myocardial infarction; NNT—number needed to treat; UACR—urinary

albumin-to-creatinine ratio.

3.2. Effectiveness in CHF

The DAPA-HF, EMPEROR-Reduced, and EMPEROR-Preserved trials showed improvement in cardiovascular outcomes

and a reduction in death and heart failure hospitalizations .

The DAPA-HF and EMPEROR-Reduced trials focused on patients with congestive heart failure with reduced left

ventricular ejection fraction, which was at or below 40%. On the other hand, the EMPEROR-Preserved trial involved

patients with a left ventricular ejection fraction greater than 40% .

The DAPA-HF trial included patients with chronic heart failure with LVEF < 40% and an eGFR ≥ 30 mL/min per 1.73 m ,

and it showed significant improvements in composite primary outcomes, including reducing cardiovascular death and

heart failure hospitalization by 24% . The DAPA-HF trial indicated that dapagliflozin may prevent diabetes, and this

study showed a decrease in the incidence of new diabetes mellitus .

The EMPEROR-Reduced trial enrolled patients with an eGFR >20 mL/min per 1.73 m and lower mean LVEF of up to 27%

compared to up to 31% in the DAPA-HF trial. Empagliflozin reduced the combined risk of primary outcomes, including

cardiovascular death or heart failure hospitalization, in patients with or without diabetes by 22% .

The EMPEROR-Preserved clinical trial was groundbreaking as it included patients with heart failure, regardless of

whether they had mildly reduced ejection fraction or preserved ejection fraction or whether they had diabetes or not.

Empagliflozin decreased the incidence of heart failure hospitalization and cardiovascular death by approximately 20%.

Although, in this study, 23% of patients discontinued treatment, which was on the higher side, this outcome was similar in

other treatment groups as well .

Similarly, the DELIVER trial was published in September 2022 and included patients with LVEF >40% with medical

therapy. In this study, dapagliflozin showed a reduction in the primary composite endpoint by 18% .

3.3. Effectiveness in Stroke

SGLT-2 inhibitors have been very successful in improving outcomes in chronic kidney disease and cardiovascular

disease. However, when it comes to preventing strokes, the available data are not yet as compelling.

Chronic kidney disease frequently coexists with other complex medical problems, including cardiovascular disease and

stroke. Many experts believe that chronic kidney disease is an independent risk factor for stroke, and chronic kidney

disease is present in over 40% of patients with stroke 

Stroke and chronic kidney disease have many risk factors in common, such as hypertension, diabetes mellitus, and atrial

fibrillation. In the DECLARE-TIMI 58 trial, dapagliflozin was shown to decrease the incidence of atrial fibrillation .

In theory, one would believe that as SGLT-2 inhibitors improved outcomes in diabetes, kidney disease, and cardiovascular

disease, they would also reduce the risk of stroke, but that has not been the case so far.
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Multiple meta-analysis trials from recent cardiovascular outcome trials (CVOTs) showed no effect of SGLT-2 inhibitors in

preventing strokes . A meta-analysis of the credence trial showed that the SGLT-2 inhibitor showed no overall positive

impact on total stroke prevention but had a slight benefit in terms of preventing hemorrhagic stroke .

However, most recently, in May 2023, an observational study from Taiwan published in the Journal of the American Heart
Association suggested that an SGLT-2 inhibitor can decrease the incidence of new stroke by 20% in patients with atrial

fibrillation . This was an observational study to evaluate the impact of SGLT-2 inhibitors in preventing embolic stroke in

patients with atrial fibrillation and diabetes mellitus. One of the drawbacks of this study was that it was not a randomized

control trial. Nonetheless, this brings a ray of hope regarding stroke outcomes and provides direction for further studies.

References

1. USRDS. Annual Data Report | USRDS. Available online: https://usrds-adr.niddk.nih.gov/2022 (accessed on 18 July
2023).

2. Sun, H.; Saeedi, P.; Karuranga, S.; Pinkepank, M.; Ogurtsova, K.; Duncan, B.B. IDF Diabetes Atlas: Global, regional,
and country-level diabetes prevalence estimates for 2021 and projections for 2045. Diabetes Res. Clin. Pract. 2021,
183, 109119.

3. Levey, A.S.; de Jong, P.E.; Coresh, J.; El Nahas, M.; Astor, B.C.; Matsushita, K.; Gansevoort, R.T.; Kasiske, B.L.;
Eckardt, K.-U. The definition, classification, and prognosis of chronic kidney disease: A KDIGO Controversies
Conference report. Kidney Int. 2011, 80, 17–28.

4. Lewis, E.J.; Hunsicker, L.G.; Bain, R.P. The Effect of Angiotensin-Converting-Enzyme Inhibition on Diabetic
Nephropathy. N. Engl. J. Med. 1993, 329, 1456–1462.

5. Brenner, B.M.; Cooper, M.E.; De Zeeuw, D. Effects of Losartan on Renal and Cardiovascular Outcomes in Patients with
Type 2 Diabetes and Nephropathy. N. Engl. J. Med. 2001, 345, 861–869.

6. Lewis, E.J.; Hunsicker, L.G.; Clarke, W.R. Renoprotective Effect of the Angiotensin-Receptor Antagonist Irbesartan in
Patients with Nephropathy Due to Type 2 Diabetes. N. Engl. J. Med. 2001, 345, 851–860.

7. Investigators, D. Dapagliflozin and Cardiovascular Outcomes in Type 2 Diabetes. N. Engl. J. Med. 2019, 380, 347–357.

8. Heerspink, H.J.L.; Kosiborod, M.; Inzucchi, S.E.; Cherney, D.Z. Renoprotective effects of sodium-glucose
cotransporter-2 inhibitors. Kidney Int. 2018, 94, 26–39.

9. Packer, M. Mechanisms Leading to Differential Hypoxia-Inducible Factor Signaling in the Diabetic Kidney: Modulation
by SGLT2 Inhibitors and Hypoxia Mimetics. Am. J. Kidney Dis. 2021, 77, 280–286.

10. Fine, L.G.; Norman, J.T. Chronic hypoxia as a mechanism of progression of chronic kidney diseases: From hypothesis
to novel therapeutics. Kidney Int. 2008, 74, 867–872.

11. Heerspink, H.J.L.; Perco, P.; Mulder, S.; Leierer, J.; Hansen, M.K.; Heinzel, A.; Mayer, G. Canagliflozin reduces
inflammation and fibrosis biomarkers: A potential mechanism of action for beneficial effects of SGLT2 inhibitors in
diabetic kidney disease. Diabetologia 2019, 62, 1154–1166.

12. Dekkers, C.C.J.; Petrykiv, S.; Laverman, G.D.; Cherney, D.Z.; Gansevoort, R.T.; Heerspink, H.J.L. Effects of the SGLT-
2 inhibitor dapagliflozin on glomerular and tubular injury markers. Diabetes Obes. Metab. 2018, 20, 1988–1993.

13. Cherney, D.Z.; Perkins, B.A.; Soleymanlou, N.; Har, R.; Fagan, N.; Johansen, O.; Woerle, H.-J.; von Eynatten, M.;
Broedl, U.C. The effect of empagliflozin on arterial stiffness and heart rate variability in subjects with uncomplicated
type 1 diabetes mellitus. Cardiovasc. Diabetol. 2013, 13, 28.

14. Mazer, C.D.; Hare, G.M.; Connelly, P.W.; Gilbert, R.E.; Shehata, N.; Quan, A.; Teoh, H.; Leiter, L.A.; Zinman, B.; Jüni,
P.; et al. Effect of Empagliflozin on Erythropoietin Levels, Iron Stores, and Red Blood Cell Morphology in Patients With
Type 2 Diabetes Mellitus and Coronary Artery Disease. Circulation 2020, 141, 704–707.

15. Perkovic, V.; Jardine, M.J.; Neal, B.; Bompoint, S.; Heerspink, H.J.L.; Charytan, D.M.; Edwards, R.; Agarwal, R.; Bakris,
G.; Bull, S.; et al. Canagliflozin and Renal Outcomes in Type 2 Diabetes and Nephropathy. N. Engl. J. Med. 2019, 380,
2295–2306.

16. Bakris, G.; Oshima, M.; Mahaffey, K.W.; Agarwal, R.; Cannon, C.P.; Capuano, G.; Charytan, D.M.; De Zeeuw, D.;
Edwards, R.; Greene, T.; et al. Effects of Canagliflozin in Patients with Baseline eGFR <30 mL/min per 1.73 m2. Clin. J.
Am. Soc. Nephrol. 2020, 15, 1705–1714.

17. Heerspink, H.J.L.; Stefánsson, B.V.; Correa-Rotter, R.; Chertow, G.M.; Greene, T.; Hou, F.-F.; Mann, J.F.E.; McMurray,
J.J.V.; Lindberg, M.; Rossing, P.; et al. Dapagliflozin in Patients with Chronic Kidney Disease. N. Engl. J. Med. 2020,

[27]

[28]

[29]



383, 1436–1446.

18. Heerspink, H.J.L.; Jongs, N.; Chertow, G.M.; Langkilde, A.M.; McMurray, J.J.V.; Correa-Rotter, R.; Rossing, P.;
Sjöström, C.D.; Stefansson, B.V.; Toto, R.D.; et al. Effect of dapagliflozin on the rate of decline in kidney function in
patients with chronic kidney disease with and without type 2 diabetes: A prespecified analysis from the DAPA-CKD trial.
Lancet Diabetes Endocrinol. 2021, 9, 743–754.

19. The EMPA-KIDNEY Collaborative Group. Empagliflozin in Patients with Chronic Kidney Disease. N. Engl. J. Med.
2023, 388, 117–127.

20. McMurray, J.J.V.; Solomon, S.D.; Inzucchi, S.E.; Køber, L.; Kosiborod, M.N.; Martinez, F.A.; Ponikowski, P.; Sabatine,
M.S.; Anand, I.S.; Bělohlávek, J.; et al. Dapagliflozin in Patients with Heart Failure and Reduced Ejection Fraction. N.
Engl. J. Med. 2019, 381, 1995–2008.

21. Inzucchi, S.E.; Docherty, K.F.; Køber, L.; Kosiborod, M.N.; Martinez, F.A.; Ponikowski, P.; Sabatine, M.S.; Solomon,
S.D.; Verma, S.; Bělohlávek, J.; et al. Dapagliflozin and the Incidence of Type 2 Diabetes in Patients With Heart Failure
and Reduced Ejection Fraction: An Exploratory Analysis From DAPA-HF. Diabetes Care 2020, 44, 586–594.

22. Packer, M.; Anker, S.D.; Butler, J.; Filippatos, G.; Pocock, S.J.; Carson, P.; Januzzi, J.; Verma, S.; Tsutsui, H.;
Brueckmann, M.; et al. Cardiovascular and Renal Outcomes with Empagliflozin in Heart Failure. N. Engl. J. Med. 2020,
383, 1413–1424.

23. Anker, S.D.; Butler, J.; Filippatos, G.; Ferreira, J.P.; Bocchi, E.; Böhm, M.; Brunner–La Rocca, H.-P.; Choi, D.-J.;
Chopra, V.; Chuquiure-Valenzuela, E.; et al. Empagliflozin in Heart Failure with a Preserved Ejection Fraction. N. Engl.
J. Med. 2021, 385, 1451–1461.

24. Solomon, S.D.; McMurray, J.J.V.; Claggett, B.; de Boer, R.A.; DeMets, D.; Hernandez, A.F.; Inzucchi, S.E.; Kosiborod,
M.N.; Lam, C.S.P.; Martinez, F.; et al. Dapagliflozin in heart failure with preserved and mildly reduced ejection fraction:
Rationale and design of the DELIVER trial. Eur. J. Heart Fail. 2021, 23, 1217–1225.

25. Kelly, D.; Rothwell, P.M. Impact of multimorbidity on risk and outcome of stroke: Lessons from chronic kidney disease.
Int. J. Stroke 2020, 16, 758–770.

26. Zelniker, T.A.; Bonaca, M.P.; Furtado, R.H.; Mosenzon, O.; Kuder, J.F.; Murphy, S.A.; Bhatt, D.L.; Leiter, L.A.; McGuire,
D.K.; Wilding, J.P.; et al. Effect of Dapagliflozin on Atrial Fibrillation in Patients with Type 2 Diabetes Mellitus. Circulation
2020, 141, 1227–1234.

27. Ong, H.T.; Teo, Y.N.; Syn, N.L.; Wee, C.F.; Leong, S.; Yip, A.S.Y.; See, R.M.; Ting, A.Z.H.; Chia, A.Z.; Cheong, A.J.Y.; et
al. Effects of Sodium/Glucose Cotransporter Inhibitors on Atrial Fibrillation and Stroke: A Meta-Analysis. J. Stroke
Cerebrovasc. Dis. 2021, 31, 106159.

28. Zhou, Z.; Jardine, M.J.; Li, Q.; Neuen, B.L.; Cannon, C.P.; de Zeeuw, D.; Edwards, R.; Levin, A.; Mahaffey, K.W.;
Perkovic, V.; et al. Effect of SGLT2 Inhibitors on Stroke and Atrial Fibrillation in Diabetic Kidney Disease. Stroke 2021,
52, 1545–1556.

29. Chang, S.; Chen, J.; Huang, P.; Wu, C.; Wang, Y.; Hwang, J.; Tsai, C. Sodium-Glucose Cotransporter-2 Inhibitor
Prevents Stroke in Patients With Diabetes and Atrial Fibrillation. J. Am. Heart Assoc. 2023, 12, e027764.

Retrieved from https://encyclopedia.pub/entry/history/show/114347


