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Should SGLT2 inhibitors be prescribed in all diabetic 
type 2 patients?

Marco Bernardi1, Luigi Spadafora1, Mattia Galli2, Giuseppe Biondi-Zoccai3,4, Pierre Sabouret5,6

The sodium-glucose cotransporter 2 inhibitors (SGLT2i) or gliflozins 
are considered as a  major class in the therapeutic strategy of type 2 
diabetes mellitus (T2DM) due to their proven efficacy in reducing blood 
sugar levels and, more importantly, in decreasing major cardiovascular 
events (MACE) [1]. 

This new class of drugs has sparked tremendous enthusiasm among 
the medical community, due to its impressive and unexpected reduc-
tion of MACE in heart failure (HF) patients and chronic kidney disease 
(CKD) patients, diabetic as well as non-diabetic [2, 3]. Thus, SGLT2i have 
been compared to paradigm-shifting drugs such as Aspirin and peni-
cillin for their major clinical benefits, leading to the question recently 
posed: “Could flozins be the statins for risk-based primary prevention of 
heart failure?” [4, 5]. Hence, the question arises spontaneously: should 
a SGLT2i be prescribed in all T2DM patients?

SGLT2i act on the proximal tubule of kidney and inhibit renal glucose’s 
reabsorption, increasing glucose and sodium excretion, with an excellent 
safety profile [6].

In 2015, the first cornerstone randomized controlled trial (RCT) was 
published: the Empagliflozin, Cardiovascular Outcomes and Mortality 
in Type 2 Diabetes (EMPA-REG) Trial [2]. In this placebo-controlled trial, 
7,020 patients with type 2 diabetes and established cardiovascular dis-
ease were randomized to receive either empagliflozin or placebo. Com-
pared to the placebo arm, the SGLT2i arm surprisingly had a lower risk 
of death from cardiovascular causes (HR = 0.62; 95% CI: 0.49 to 0.77;  
p < 0.001), hospitalization for heart failure (HHF) (HR = 0.65; 95% CI: 
0.50 to 0.85; p = 0.002), and death from any cause (HR = 0.68; 95% CI: 
0.57 to 0.82, p < 0.001). 

The next randomized study evaluated the impact of dapagliflozin in 
the Dapagliflozin Effect on Cardiovascular Events–Thrombolysis in Myo-
cardial Infarction (DECLARE-TIMI 58) trial [7]. In this RCT, T2DM patients 
at risk for atherosclerotic cardiovascular disease or in secondary preven-
tion were randomly assigned to dapagliflozin or placebo. A lower rate of 
cardiovascular death (HR = 0.83; 95% CI: 0.73 to 0.95; p = 0.005) or HHF 
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(HR = 0.73; 95% CI: 0.61 to 0.88) was reported in 
the dapagliflozin group, confirming its cardiovas-
cular benefits.

Further positive results with SGLT2i were re-
ported in the CANVAS Program, a combination of 
two RCTs in which 10,142 participants with T2DM 
and high cardiovascular risk were randomized to 
receive canagliflozin or placebo [8]. Canagliflozin 
was found to reduce the risk of cardiovascular 
events compared to placebo (HR = 0.86; 95% CI: 
0.75 to 0.97; p < 0.001 for noninferiority; p = 0.02 
for superiority). Notably, the treated arm revealed 
a greater risk of amputation, not observed in other 
trials. Another major RCT evaluating canagliflozin 
versus placebo was the Canagliflozin and Renal 
Events in Diabetes with Established Nephropathy 
Clinical Evaluation (CREDENCE) trial [9]. In this 
study, canagliflozin reduced the risk of kidney fail-
ure and cardiovascular events compared to place-
bo (HR = 0.70; 95% CI: 0.59 to 0.82; p = 0.00001).

In the same therapeutic class, ertugliflozin was 
evaluated in the eValuation of ERTugliflozin effI-
cacy and Safety CardioVascular outcomes trial  
(VERTIS-CV), which randomized 8,246 patients 
with type 2 diabetes and atherosclerotic cardio-
vascular disease to ertugliflozin or placebo [10]. 
Ertugliflozin was non-inferior to placebo concern-
ing MACE (a composite of death from cardiovascu-
lar causes, nonfatal myocardial infarction, or non-
fatal stroke) (HR = 0.97; 95.6% CI: 0.85 to 1.11;  
p < 0.001), but failed to reduce events.

The high level of proofs of clinical benefits of 
SGLT2i was reinforced by a  meta-analysis (MA) 
of 6 RCTs in patients with T2DM [11]. In this MA, 
SGLT2i reduced the risk of MACE (HR =  0.90;  
95% CI: 0.85-0.95; Q statistic, p = 0.27), mainly 
driven by a  reduction of HHF and cardiovascular 
mortality. Nevertheless, apparent heterogeneity 
was observed: empagliflozin was associated with 
a  lower risk of cardiovascular death, canagliflozin 
with a lower risk for MACE and incidence of kidney 
disease, whereas dapagliflozin was associated with 
a reduced risk for HHF, to be interpreted cautiously 
due to methodological limitations of this MA.

The spectrum of the clinical benefits of glifloz-
ins has become wider since they are equally ef-
fective in diabetic and non-diabetic patients, as 
reported in heart failure patients and in individ-
uals with a chronic kidney disease (CKD) [12–14]. 
More recently, the EMPEROR Preserved trial and 
DELIVER trial reported clinical benefits on hard 
endpoints in patients with heart failure with pre-
served ejection fraction (HFpEF), leading to the 
current perspective of the wide use of SGLT2i 
among the heart failure population, independent-
ly of ejection fraction (EF) [15]. Notably, a  recent 
RCT evaluating dapagliflozin and empagliflozin in 
HF or CKD versus optimal medical therapy (OMT) 

reported similar efficacy and safety for both drugs, 
suggesting a class effect [16].

The underlying mechanisms explaining the car-
diovascular and renal benefits of SGLT2i remain 
not entirely elucidated. Hypotheses include a  re-
duction of preload promoted by osmotic diuresis, 
a decrease of afterload mediated by improved en-
dothelial function and potential inhibition of car-
diac fibrosis [17, 18]. Weight loss resulting from 
glycosuria, improved endothelial function, modu-
lation of inflammation markers and growth factors 
may also contribute to the cardiovascular benefits 
[19]. Due to these cumulative benefits, SGLT2i are 
indicated in T2DM patients with comorbidities, 
target organ damage and/or in secondary preven-
tion, often in combination with metformin, which 
still plays a key role in glycaemic control [20]. No-
tably, particular concern should be given to pa-
tients with latent autoimmune diabetes in adults 
(LADA), where the assumption of SGLT2i is linked 
with a higher risk of ketoacidosis [21].

Despite these impressive results, there are also 
preferred indications for the class of the gluca-
gon-like peptide 1 receptor agonists (GLP1-RA), 
which reduce MACE in T2DM patients with a more 
pronounced heterogeneity (Figure 1). Indeed, 
GLP1-RA provide a more potent decrease of glycat-
ed haemoglobin and weight loss in indirect com-
parison with a good safety profile [22, 23]. In this 
context, a recent meta-analysis tried to enlighten 
differences among GLP1-RA and SGLT2i in T2DM 
patients and assessed their efficacy and safety in 
this population. The effectiveness of both thera-
peutic classes was similar when compared with 
OMT, by reducing MACE with comparable effects 
on myocardial infarction (MI), cardiovascular mor-
tality, and all-cause mortality [24]. Even though 
SGLT2i provide better nephroprotection and pre-
vention of HHF than GLP1-RA, some uncertainties 
remain about their indication in all T2DM patients. 
Firstly, no RCT of SGLT2i versus OMT reported 
a  reduction in acute coronary syndromes (ACS), 
whereas the LEADER trial demonstrated the effi-
cacy of liraglutide in this field [25]. Furthermore, 
GLP1-RA reduced ischemic strokes in the REWIND 
and SUSTAIN-6 studies, whereas only sotagliflozin 
in the SOLOIST-WHF trial showed a stroke reduc-
tion [26–28].

Interestingly, two ongoing trials, DAPA-MI and 
EMPACT-MI, recruiting 6,400 and 6,500 patients 
respectively (in the early phase after an acute MI), 
are providing additional information on the wide-
spread usage of gliflozins. These RCTs are evaluat-
ing the ability of dapagliflozin or empagliflozin to 
decrease the risk of HHF and cardiovascular death 
compared with placebo in post-myocardial infarc-
tion patients with low left ventricular ejection 
fraction (LVEF) compared to OMT [29, 30].
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Due to the inclusion criteria of these RCTs, 
questions about the efficacy of gliflozins to reduce 
ischemic events will remain and require dedicated 
studies in coronary patients with normal LVEF.

Additionally, evidence suggests that combina-
tion therapy with GLP1RA and SGLT2i may improve 
glycaemic control, weight loss, systolic blood pres-
sure, NAFLD, and renal function. There is therefore 
a need for further research to refine the combined 
effects on cardiovascular and renal disease [31, 32].

In conclusion, SGLT2i are a unique story of ser-
endipity [33]. Their wide effects, accidentally dis-
covered, are still changing medical practice and 
may lower the burden of MACE. Indeed, gliflozins 
are effective in the following ways: reducing blood 
sugar, improving outcomes in patients with HFrEF 
and HFpEF irrespective of T2DM, slowing the de-
velopment of end-stage kidney disease in patients 
with chronic kidney disease.

Even though SGLT2i treatment reduces cardio-
vascular events, its long-term effectiveness is still 
unknown, particularly in atherosclerosis. In con-
trast, some GLP1-RA already have proven efficacy 
in this field, in combination with a  more potent 
decrease in weight and glycated haemoglobin. In 
this context, the choice of antidiabetic agents in 
T2DM patients should be tailored to each patient 
according to all the clinical characteristics in order 
to apply the most effective strategy. In conclusion, 
it is crucial to improve the awareness among gen-
eral practitioners and diabetologists of the high 
incidence of HF in diabetic patients in order to 
start SGLT2i therapy earlier.

Conflict of interest

Giuseppe Biondi-Zoccai has consulted for 
Balmed, Cardionovum, Crannmedical, Eukon, In-

novheart, Guidotti, Meditrial, Microport, Opsens 
Medical, Replycare, Teleflex, and Terumo. Pierre 
Sabouret reports consulting fees from Astra Zen-
eca, BI, BMS, Lilly, Les laboratoires Servier, Novar-
tis, Recordati, Sanofi, Vifor outside the submitted 
work.

R e f e r e n c e s
1. Zelniker TA, Braunwald E. Mechanisms of cardiorenal 

effects of sodium-glucose cotransporter  2  inhibitors: 
JACC state-of-the-art review. J Am Coll Cardiol 2020; 75: 
422-34. 

2. Zinman B, Wanner C, Lachin JM, et al.; EMPA-REG OUT-
COME Investigators. Empagliflozin, cardiovascular out-
comes, and mortality in type 2 diabetes. N Engl J Med 
2015; 373: 2117-28.

3. Braunwald E. Gliflozins in the management of cardio-
vascular disease. N Engl J Med 2022; 386: 2024-34.

4. Braunwald E. SGLT2 inhibitors: the statins of the 21st 

century. Eur Heart J 2022; 43: 1029-30. 
5. Freaney PM, Lloyd-Jones DM, Khan SS. Could flozins be 

the statins for risk-based primary prevention of heart 
failure? JAMA Cardiol 2021; 6: 741-2. 

6. Clar C, Gill JA, Court R, Waugh N. Systematic review of 
SGLT2 receptor inhibitors in dual or triple therapy in 
type 2 diabetes. BMJ Open 2012; 2: e001007. 

7. Wiviott SD, Raz I, Bonaca MP, et al.; DECLARE–TIMI 58 In-
vestigators. Dapagliflozin and cardiovascular outcomes 
in type 2 diabetes. N Engl J Med 2019; 380: 347-57. 

8. Neal B, Perkovic V, Mahaffey KW, et al.; CANVAS Pro-
gram Collaborative Group. Canagliflozin and cardiovas-
cular and renal events in type 2 diabetes. N Engl J Med 
2017; 377: 644-57. 

9. Perkovic V, Jardine MJ, Neal B, et al.; CREDENCE Trial In-
vestigators. Canagliflozin and renal outcomes in type 
2 diabetes and nephropathy. N Engl J Med 2019; 380: 
2295-306. 

10. Cannon CP, Pratley R, Dagogo-Jack S, et al.; VERTIS CV 
Investigators. Cardiovascular outcomes with ertuglifloz-
in in type 2 diabetes. N Engl J Med 2020; 383: 1425-35. 

Figure 1. Criteria which influence a tailored strategy in T2DM patients

Weight goal

BMI Heart failure

Atherothrombotic 
risk or status

Risk of  
hypoglycemia

Renal  
function

Efficacy  
on HbA1c

Patient’s  
preferences

Optimal therapeutic strategy



Should SGLT2 inhibitors be prescribed in all diabetic type 2 patients?

Arch Med Sci 2, 1st March / 2023 531

11. McGuire DK, Shih WJ, Cosentino F, et al. Association of 
SGLT2 inhibitors with cardiovascular and kidney out-
comes in patients with type 2 diabetes: a meta-analy-
sis. JAMA Cardiol 2021; 6: 148-58. 

12. McMurray JJV, Solomon SD, Inzucchi SE, et al.; DAPA-HF 
Trial Committees and Investigators. Dapagliflozin in pa-
tients with heart failure and reduced ejection fraction. 
N Engl J Med 2019; 381: 1995-2008. 

13. Packer M, Anker SD, Butler J, et al.; EMPEROR-Reduced 
Trial Investigators. Cardiovascular and renal outcomes 
with empagliflozin in heart failure. N Engl J Med 2020; 
383: 1413-24. 

14. McDonagh TA, Metra M, Adamo M, et al.; ESC Scientific 
Document Group. 2021 ESC Guidelines for the diagno-
sis and treatment of acute and chronic heart failure.  
Eur Heart J 2021; 42: 3599-726. 

15. Anker SD, Butler J, Filippatos G, et al.; EMPEROR-Pre-
served Trial Investigators. Empagliflozin in heart failure 
with a preserved ejection fraction. N Engl J Med 2021; 
385: 1451-61. 

16. Heerspink HJL, Stefánsson BV, Correa-Rotter R, et al.; 
DAPA-CKD Trial Committees and Investigators. Dapag-
liflozin in patients with chronic kidney disease. N Engl  
J Med 2020; 383: 1436-46. 

17. Kalra S. Sodium-glucose cotransporter 2 (SGLT2) inhib-
itors and cardiovascular disease: a  systematic review. 
Cardiol Ther 2016; 5: 161-8. 

18. Lee TM, Chang NC, Lin SZ. Dapagliflozin, a  selective 
SGLT2 Inhibitor, attenuated cardiac fibrosis by regulat-
ing the macrophage polarization via STAT3 signaling 
in infarcted rat hearts. Free Radic Biol Med 2017; 104: 
298-310. 

19. van Bommel EJ, Muskiet MH, Tonneijck L, Kramer MH, 
Nieuwdorp M, van Raalte DH. SGLT2 inhibition in the 
diabetic kidney-from mechanisms to clinical outcome. 
Clin J Am Soc Nephrol 2017; 12: 700-10. 

20. Cosentino F, Grant PJ, Aboyans V, et al.; ESC Scientific 
Document Group. 2019 ESC Guidelines on diabetes, 
pre-diabetes, and cardiovascular diseases developed 
in collaboration with the EASD. Eur Heart J 2020; 41: 
255-323. 

21. Clark A, Mohammed AS, Raut A, Moore S, Houlden R, 
Awad S. Prevalence and clinical characteristics of adults 
presenting with sodium-glucose cotransporter-2 in-
hibitor-associated diabetic ketoacidosis at a Canadian 
Academic Tertiary Care Hospital. Can J Diabetes 2021; 
45: 214-9. 

22. Marso SP, Bain SC, Consoli A, et al.; SUSTAIN-6 Inves-
tigators. Semaglutide and cardiovascular outcomes in 
patients with type 2 diabetes. N Engl J Med 2016; 375: 
1834-44. 

23. Marso SP, Daniels GH, Brown-Frandsen K, et al.; LEADER 
Steering Committee; LEADER Trial Investigators. Liraglu-
tide and cardiovascular outcomes in type 2 diabetes.  
N Engl J Med 2016; 375: 311-22. 

24. Sabouret P, Bocchino PP, Angelini F, et al. Comparing 
benefits from sodium-glucose cotransporter-2 inhib-
itors and glucagon-like peptide-1 receptor agonists in 
randomized clinical trials: a  network meta-analysis. 
Minerva Cardiol Angiol 2022 Feb 23. doi: 10.23736/
S2724-5683.22.05900-2.

25. Marso SP, Daniels GH, Brown-Frandsen K, et al.; LEADER 
Steering Committee; LEADER Trial Investigators. Liraglu-
tide and cardiovascular outcomes in type 2 diabetes.  
N Engl J Med 2016; 375: 311-22. 

26. Gerstein HC, Colhoun HM, Dagenais GR, et al.; REWIND 
Investigators. Dulaglutide and cardiovascular out-

comes in type 2 diabetes (REWIND): a  double-blind, 
randomised placebo-controlled trial. Lancet 2019; 394: 
121-30.

27. Marso SP, Bain SC, Consoli A, et al.; SUSTAIN-6 Inves-
tigators. Semaglutide and cardiovascular outcomes in 
patients with type 2 diabetes. N Engl J Med 2016; 375: 
1834-44. 

28. Bhatt DL, Szarek M, Steg PG, et al.; SOLOIST-WHF Tri-
al Investigators. Sotagliflozin in patients with diabetes 
and recent worsening heart failure. N Engl J Med 2021; 
384: 117-28.

29. DAPA-MI: ClinicalTrials.gov Identifier: NCT04564742.
30. EMPACT-MI: ClinicalTrials.gov Identifier: NCT04509674.
31. Brown E, Heerspink HJL, Cuthbertson DJ, Wilding JPH. 

SGLT2 inhibitors and GLP-1 receptor agonists: estab-
lished and emerging indications. Lancet 2021; 398: 
262-76.

32. Frías JP, Guja C, Hardy E, et al. Exenatide once week-
ly plus dapagliflozin once daily versus exenatide or 
dapagliflozin alone in patients with type 2 diabetes 
inadequately controlled with metformin monotherapy 
(DURATION-8): a  28 week, multicentre, double-blind, 
phase 3, randomised controlled trial. Lancet Diabetes 
Endocrinol 2016; 4: 1004-16.

33. Rosano G, Iacoviello M, Filardi PP. Serendipity of sodi-
um-glucose co-transporter 2 inhibitors: a new paradigm 
in the management of heart failure with reduced ejec-
tion fraction. G Ital Cardiol 2021; 22: 277-83. 

 


