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In a recently published, post-hoc analysis of the hallmark EMPA-REG 
OUTCOME trial, Krämer et al.1 assessed whether changes in cardiac and 
haemodynamic markers achieved with empagliflozin in subjects with 
type 2 diabetes mellitus (T2DM) may mediate its significant benefits 
across a number of surrogate cardiovascular and kidney outcomes. They 
have demonstrated1 that empagliflozin treatment resulted in a signifi-
cant decrease in pulse pressure (PP), mean arterial pressure (MAP) and 
cardiac workload, compared with placebo; at week 12, placebo-adjusted 
mean changes from baseline were − 2.5 mmHg for PP, − 2.2 mmHg for 
MAP and − 315 mmHg x beats per minute (bpm) for cardiac workload 
(p < 0.0001 for all). They have also found that such benefits were pre-
sent for both empagliflozin groups (10 mg and 25 mg) combined, while 
treatment differences were maintained throughout to week 164.1 

However, despite the significant improvement in the above 
mentioned cardiac and haemodynamic parameters, none of those effects 
was shown to largely, or even moderately, mediate the beneficial effects 
of empagliflozin on cardiovascular and kidney outcomes, including 
cardiovascular (CV) death, heart failure (HF) or hospitalization for HF 
(HHF), incident or worsening diabetic nephropathy, new-onset macro-
albuminuria, and the composite of sustained estimated glomerular 
filtration rate (eGFR) decline ≥40 % compared to baseline, renal 
replacement therapy or renal death.1 These findings highlight the 

importance of understanding the mechanisms by which sodium-glucose 
co-transporter-2 (SGLT-2) inhibitors, and innovative anti-diabetic ther-
apies in general, mediate cardio-renal benefit in T2DM. 

Previously published, post-hoc analyses of the EMPA-REG 
OUTCOME trial documented that changes in haematocrit and haemo-
globin levels with empagliflozin, reflecting plasma volume status, were 
the most important mediators of the significant reduction in CV death, 
HF death and HHF, observed with empagliflozin treatment.2,3 Indeed, 
the same hypothesis of haemoconcentration seems to apply with other 
SGLT-2 inhibitors, regarding their favorable effects on cardiovascular 
and kidney outcomes.4,5 On the other hand, it has been doubted over the 
last years whether SGLT-2 inhibitors exert a major, significant effect on 
vascular, haemodynamic markers in subjects with T2DM, and whether 
those effects can, at least partially, explain the cardio-renal benefits seen 
with this class of drugs.6,7 

Therefore, despite the established, significant prognostic value of 
vascular stiffness indices in T2DM patients,8,9 along with the importance 
of blood pressure lowering,10 it seems that there is still a long way to-
wards the understanding of the mechanisms mediating their cardio- 
renal benefits.11,12 This is somewhat in contrast with what has been 
documented with the other class of antidiabetic drugs that confer 
important cardio-renal benefits in T2DM, namely the glucagon-like 
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peptide-1 receptor agonists (GLP-1RAs), for which the significant 
improvement in glycemic control13–15 and the anti-atherosclerotic 
effects16–18 seem to play a crucial role in reducing the risk for surro-
gate cardiovascular and kidney outcomes. 

Thus, to date, it appears that we have more questions than answers 
regarding the mechanisms underlying the cardio-renal benefits provided 
by SGLT-2 inhibitors in T2DM, while this class of drugs has proven to be 
very efficacious even in subjects without T2DM, namely in those pa-
tients with HF and reduced or preserved left ventricular ejection frac-
tion, chronic kidney disease, or even with both diseases.19 Despite the 
fact that there is a large amount of evidence retrieved from experimental 
studies concerning the potential mechanisms implicated into the cardio- 
renal protection conferred by SGLT-2 inhibitors, along with the very 
interesting post-hoc analyses of the hallmark cardiovascular and renal 
outcome trials, such as that published by Krämer et al.,1 we should also 
wait for future, well-designed, robust clinical studies to answer the 
reasonable questions regarding the mechanistic aspects of action of 
SGLT-2 inhibitors. 

Yet, even if the underlying mechanisms leading to a reduction of 
cardiovascular and renl risk are not fully elucidated, we shouldn’t delay 
the use of innovative anti-diabetic treatments with proven cardio-renal 
benefit; this will help us to tackle the progression of T2DM pandemic, 
along with prevention or delay in progression of T2DM-related cardio-
vascular and renal complications. As clinicians, it is our responsibility to 
translate the results from the cardio-renal outcomes trials into clinical 
practice20, following the scientific evidence and the international 
guidelines, in order to give to our T2DM patients a longer and healthier 
life! 
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17 Janić M, Rizzo M, Cosentino F, Pantea Stoian A, Lunder M, Šabović M, et al. Effect of 
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