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Abstract

Early epidemiologic studies in type 2 diabetes suggested that the long-term risk of microvascular and macrovascular com-
plications increase progressively as glucose concentrations rise, inspiring the pursuit of near euglycaemia as a means of
preventing these complications in type 1 and type 2 diabetes. Evidence emerging over the past decade, however, showed
that the aggressive efforts often needed to achieve low HbA lc levels can ultimately lead to worse clinical outcomes, greater
risk of severe hypoglycaemia, and higher burden of treatment. The acknowledgment of the disappointing results obtained
with therapies aimed exclusively at improving glycaemic control has led in recent years to a substantial paradigm shift in
the treatment of the diabetic patient. The results obtained first with GLP-1RAs and more recently even more with SGLT2i
on mortality and CV events have made it clear how other mechanisms, beyond the hypoglycaemic effect, are at the basis
of the benefits observed in several cardiovascular outcome trials. And as evidence of the great revolution of thought we are
experiencing, there is the recognition of gliflozins as drugs for the treatment not only of diabetic patients but also of non-
diabetic patients suffering from HF, as reported in the latest ESC/HFA guidelines. Surely, we still have a lot to understand,

but it is certain that this is the beginning of a new era.
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Introduction

The vast majority of people with hyperglycaemia have type
2 diabetes (T2DM), characterized by progressive insulin
resistance and subsequent hyperglycaemia [1]. Early epide-
miologic studies in T2DM suggested that the long-term risk
of microvascular and macrovascular complications increases
progressively as glucose concentrations rise, inspiring the
pursuit of near euglycaemia as a means of preventing these
complications in type 1 and T2DM [2-4].

This glucocentric approach was bolstered by early large
randomized controlled trials (RCTs) of intensive glucose
lowering therapy [the Diabetes Control and Complications
Trial (DCCT) [5] among patients with type 1 diabetes and
the United Kingdom Prospective Diabetes Study (UKPDS)
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[6] among patients with newly or recently diagnosed T2DM]
which showed reductions in the early manifestations of micro-
vascular complications with intensive glycaemic control.
Importantly, these trials defined intensive control by plasma
glucose rather than glycosylated haemoglobin Alc (HbAlc)
targets: fasting glucose 70—120 mg/dL (3.9—6.7 mmol/L) and
postprandial glucose below 180 mg/dL (10 mmol/L) in the
DCCT intensive treatment arm [5], and fasting glucose below
106 mg/dL (<6 mmol/L) versus glucose below 270 mg/dL
(< 15 mmol/L) in the UKPDS intensive and standard treatment
arms, respectively [6]. However, most clinical guidelines then
used these results to recommend intensive control as defined
by HbAlc below 6.5-7.0% (48—53 mmol/mol) [7-9], extrap-
olating from improved outcomes achieved by patients who
had mean HbAlc 7.0% (53 mmol/mol) compared with 9.0%
(75 mmol/mol) in DCCT or 7.9% (63 mmol/mol) in UKPDS.

Evidence emerging over the past decade, however,
showed that the aggressive efforts often needed to achieve
low HbA Ic levels can ultimately lead to worse clinical out-
comes, greater risk of severe hypoglycaemia, and higher
burden of treatment [10-13]. In fact, it was observed that
intensive glycaemic control does not seem to reduce all-
cause mortality in patients with T2DM [13].
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Therefore, although glycaemic control is associated with
reduction in the risk of microvascular complications, the
macrovascular benefits of intensive glycaemic control are
less supported. Furthermore, concern has been raised about
the cardiovascular (CV) safety of glucose-lowering drugs
[14]. Consequently, regulatory authorities have mandated
CV safety assessments of new diabetes treatments [15-17].

For this purpose, CV outcome trials (CVOTs) were
designed to examine the CV safety of glucose-lowering
drugs. They showed that microvascular (for example, kid-
ney) [18-25] and macrovascular (for example, atheroscle-
rotic cardiovascular disease, heart failure [HF]) [19-21,
26-29] health outcomes can be meaningfully improved
without extreme reduction of HbAlc.

Therefore, the paradigm of diabetes management is
shifting from a “glucose-centred” to a “metabolic-centred”
approach because of the strong evidences that this novel
approach can reduce overall risk of cardio-nephro-vascular
complications [30]. So, it is important to understand how
T2DM treatment changed during the last years.

In this paper, we will cover the main changes in the thera-
peutic approach of T2DM throughout the last years.

The past

Early observational studies suggested an association between
the extent of hyperglycaemia and the risk of death and of
macrovascular and microvascular disease in patients with
T2DM [2-4].

For example, the UK Prospective Diabetes Study
(UKPDS) evaluated the relationship between the exposure
to hyperglycaemia over time and the risk of macrovascular
or microvascular complications in patients with T2DM [2]
collecting data in 23 hospital based clinics in England, Scot-
land and Northern Ireland. For this purpose, 4585 white,
Asian Indian and Afro-Caribbean patients, randomized or
not to treatment, were included in analyses of incidence;
of these, 3642 were included in analyses of relative risk.
Primary predefined aggregate clinical outcomes were any
end point or deaths related to diabetes and cause mortality,
whereas secondary aggregate outcomes were myocardial
infarction, stroke, amputation (including death from periph-
eral vascular disease) and microvascular disease (predomi-
nantly retinal photo-coagulation). After 10 years of follow-
up, data showed that the incidence of clinical complications
was significantly associated with glycaemic levels. Each
1% reduction in updated mean HbAlc was associated with
reductions in risk of 21% for any end point related to diabe-
tes (95% confidence interval 17 to 24%, P <0.0001), 21%
for deaths related to diabetes (15 to 27%, P <0.0001), 14%
for myocardial infarction (8 to 21%, P <0.0001) and 37%
for microvascular complications (33 to 41%, P <0.0001).
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No threshold of risk was observed for any end point. There-
fore, the researchers concluded that in patients with T2DM,
the risk of diabetic complications is strongly associated
with previous hyperglycaemia. Any reduction in HbAlc is
likely to reduce the risk of complications, with the lowest
risk being in those with HbAlc values in the normal range
(<6.0%) [2].

The graded relationship between the HbAlc levels and
CV events and death suggested that a therapeutic strategy of
lowering HbA1C levels might reduce these outcomes. For
this reason, studies investigating whether intensive therapy
to reach the HbA 1c and glycaemic target levels could reduce
the risk of complications were performed.

The Action to Control Cardiovascular Risk in Diabetes
(ACCORD) trial was a randomized, multicenter, double
2 % 2 factorial design study specifically designed to deter-
mine whether a therapeutic strategy targeting normal HbAlc
levels (i.e., below 6.0%) could reduce the rate of CV events,
as compared with a strategy targeting HbAlc levels from
7.0 to 7.9%, in 10,251 middle-aged and older participants
with T2DM and either established CV disease or additional
CV risk factors [31]. Participants should have been treated
and followed for 4-8 years (approximate mean, 5.6 years).
The primary outcome was the first occurrence of a major
cardiovascular event, specifically a composite outcome of
non-fatal myocardial infarction (MI), non-fatal stroke, or CV
death. Secondary outcomes included other CV outcomes,
total mortality, diabetic microvascular disease (retinopathy,
nephropathy, and neuropathy), health-related quality of life,
and cost-effectiveness. The finding of higher mortality in the
intensive-therapy group led to a decision to terminate the
intensive regimen in February 2008, 17 months before the
scheduled end of the study [31].

In 2011, to assess the effect of targeting “intensive” gly-
caemic control versus “conventional” glycaemic control,
on all-cause mortality and CV mortality, non-fatal MI,
microvascular complications, and severe hypoglycaemia,
in T2DM patients, a systematic review with meta-analyses
and trial sequential analyses of randomized trials were per-
formed [13].

Fourteen clinical trials that randomized 28,614 partici-
pants with T2DM (15,269 scheduled to intensive control
and 13,345 to conventional control) were included. It was
observed that intensive glycaemic control did not signifi-
cantly affect the relative risks of all-cause mortality (1.02,
95% confidence interval 0.91 to 1.13; P=NS; 28,359 par-
ticipants, 12 trials) or CV mortality (1.11, 0.92 to 1.35;
P=NS; 28,359 participants, 12 trials). Trial sequential
analyses rejected a relative risk reduction above 10% for
all-cause mortality and showed insufficient data on CV mor-
tality. The risk of non-fatal MI may be reduced (relative
risk 0.85, 0.76 to 0.95; P=0.004; 28,111 participants, 8 tri-
als), but this finding was not confirmed in trial sequential
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analysis. Intensive glycaemic control showed a reduction of
the relative risk for the composite microvascular outcome
(0.88, 0.79 to 0.97; P=0.01; 25,600 participants, 3 trials)
and retinopathy (0.80, 0.67 to 0.94; P=0.009; 10,793 par-
ticipants, 7 trials), but trial sequential analyses showed that
sufficient evidence had not yet been reached. The estimate
of an effect on the risk of nephropathy (relative risk 0.83,
0.64 to 1.06; 27769 participants, 8 trials) was not statisti-
cally significant. The risk of severe hypoglycaemia was sig-
nificantly increased when intensive glycaemic control was
targeted (relative risk 2.39, 1.71 to 3.34; P<0.001; 27,844
participants, 9 trials); trial sequential analysis supported a
30% increased relative risk of severe hypoglycaemia (Fig. 1).

Based on these results, researchers concluded that inten-
sive glycaemic control did reduce all-cause mortality in
patients with T2DM and the data available were insufficient
to prove or refute a relative risk reduction for CV mortal-
ity, non-fatal MI, composite microvascular complications,
or retinopathy at a magnitude of 10%. On the other hand,
intensive glycaemic control increased the relative risk of
severe hypoglycaemia by 30%.

Another systematic review was performed to summarize
the benefits of intensive vs conventional glucose control on
kidney-related outcomes in adults with T2DM [32]. Three
databases were systematically searched (from January 1,
1950, to December 31, 2010) to identify randomized trials
that compared surrogate renal end points (microalbuminuria
and macroalbuminuria) and clinical renal end points (dou-
bling of the serum creatinine level, end-stage renal disease
[ESRD] and death from renal disease) in T2DM patients
receiving the two different treatment strategies.

Compared with conventional control, intensive glucose
control reduced the risk for microalbuminuria (risk ratio,
0.86 [95% CI, 0.76-0.96]) and macroalbuminuria (risk
ratio, 0.74 [95% CI, 0.65-0.85]), but not doubling of the
serum creatinine level (1.06 [0.92—-1.22]), ESRD (0.69

[0.46-1.05]), or death from renal disease (0.99 [0.55-1.79])
(Fig. 2).

These data allowed researchers to say that intensive
glucose control reduces the risk for microalbuminuria and
macroalbuminuria, but evidence is lacking that intensive
glycaemic control reduces the risk for significant clinical
renal outcomes, such as doubling of the serum creatinine
level, ESRD, or death from renal disease, during the years
of follow-up of the trials considered [32].

Despite the unfavourable results of an intensive glycae-
mic control on CV outcomes in diabetic patients observed in
several studies, it is important to note that HbA1c has been
found to be one of the strongest predictors for death for any
cause, or hospitalization for HF but especially for athero-
thrombotic events (acute myocardial infarction, stroke). This
surely underlines the importance of dysglycaemia in devel-
oping CV complication [33].

Despite the role of HbAlc as one of the strongest predic-
tors of cardiovascular events, it is also important to know
the role on cardiovascular outcomes of other risk factors
frequently concomitant in diabetic patients.

For this purpose, several observational studies and clini-
cal trials on intensified multifactorial intervention in diabetic
patients were performed in the last years. However, they
showed inconsistent results about the benefit on cardiovas-
cular outcomes (CV death, acute myocardial infarction, non-
fatal stroke, hospitalization for heart failure) and on all-cause
mortality.

Recently, the analysis of a wide Swedish nationwide reg-
istry data [33] from 1998 through 2012 showed that low
physical activity, smoking, and glycated haemoglobin, sys-
tolic blood-pressure, and LDL cholesterol levels outside the
target ranges were considered to be the strongest predic-
tors for cardiovascular outcomes and death. Moreover, in
patients with type 2 diabetes and multiple risk factors, the
reaching target range for each variable was associated with,
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Fig. 1 Forest plots for all-cause mortality (a) and for severe hypoglycaemia (b) [13]
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Fig.2 Pooled risk ratios (RRs), with 95% CI, by trial for clinical renal end points (doubling of the serum creatinine level and end-stage renal

disease [ESRD]) [32]

at most, marginally higher risks of death, stroke, and myo-
cardial infarction than the general population. So theoreti-
cally, having all risk-factor variables within the target ranges
could eliminate the excess risk of cardiovascular events. Fur-
thermore, a strong relationship between younger age and
increasing number of risk factors above target ranges, and an
increased relative risk of cardiovascular events, was identi-
fied, suggesting that there may be greater potential benefit
from more aggressive treatment in younger diabetic patients.

In addition, atrial fibrillation, high body mass index,
glycated haemoglobin levels, and renal function outside
the target ranges resulted to be the strongest predictors of
hospitalization for heart failure, indicating that cardio-renal
mechanisms may play a role in the development of heart
failure in these patients [33].

However, the effect of glycaemic control on HF outcomes
is controversial. Observational studies examining glycaemic
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control in diabetic patients suggest a positive effect on the
primary prevention of heart failure. In fact, in the UKPDS
study [2], a log-linear relation between heart failure risk and
long-term glycaemic control was evident, with a 1% reduc-
tion in HbAlc associated with a 16% risk reduction in the
development of HF. Despite this evidence, randomized con-
trolled trials ACCORD, ADVANCE, and VADT, examining
the effect of intensive glycaemic control on CV outcomes
when combined with the primary prevention, showed that
intensive glycaemic control did not reduce the risk of hospi-
talization for HF [34]. Moreover, several retrospective stud-
ies suggest worse prognosis in patients with diabetes mel-
litus and HF with an HbA1c less than 7%. The relationship
between glycaemic control and HF outcomes is made more
difficult by the role of anti-hyperglycaemic therapy. Analysis
of the UK General Practice Research Database concluded
that the use of any anti-hyperglycaemic drug (as compared
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Fig.3 Type 2 diabetes may be
considered as a cardio-renal-
metabolic disease that develops
through the interaction of a
variable mix of genetic and
environmental factors that
disturb metabolic homeostasis
and give rise to cardiovascular
(CV), renal and other complica-
tions [36]
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with no drug treatment) was associated with increased risk
of HF, though mostly in the short term. Although probably
drug intervention is more likely to be used in patients at
higher risk of HF, it is also possible that lowering of plasma
glucose might precipitate HF in those at highest risk. From
a mechanistic viewpoint, it seems plausible that a reduc-
tion in plasma glucose, in some way, might adversely affect
cardiac function. Alternatively and additionally, hypogly-
caemic episodes might induce sympathetic nervous system
activation and increase heart rate, which, if frequent and
prolonged, could be prothrombotic and arrhythmogenic as
well as detrimental to the left ventricular remodelling pro-
cess in susceptible individuals [35].

In conclusion, the body of evidence shows no meaningful
benefit of intensive (compared with moderate) glycaemic
control for microvascular and macrovascular outcomes.
Intensive glycaemic control does, however, increase the risk
of severe hypoglycaemia and incurs additional burden by
way of polypharmacy, side effects, and cost [1].

The present

The different metabolic disturbances of T2DM and the asso-
ciated microvascular and macrovascular complications are
on the whole considered as a single cardio-renal-metabolic
disease entity (Fig. 3) [36]. The metabolic disturbances,
such as hyperglycaemia and dyslipidaemia, are consequent
to overnutrition, insulin resistance, defects of insulin secre-
tion, and other endocrine abnormalities. Taken together,
these and other CV risk factors such as inflammation and a
pro-coagulant state contribute to the increased occurrence
of atherothrombotic diseases which account for up to half of
total mortality among T2DM patients [36].

So far, treatment of T2DM was essentially concerned with
optimizing glycaemic control, facilitating weight control,
and managing CV risk. Over the last two decades, several
new classes of glucose-lowering agents have become avail-
able. These include incretins such as glucagon-like peptide-1
receptor agonists (GLP-1RAs), dipeptidyl peptidase 4 (DPP4)
inhibitors, and sodium-glucose cotransporter-2 inhibitors
(SGLT2i). These agents may be used as monotherapy or in
combination with more established agents and insulin [37].
To address concerns over the CV safety of new anti-diabetic
agents, the US Food and Drug Administration (FDA) imposed
to conduct large prospective CV outcome trials (CVOTs), as
“conditio sine qua non” for obtaining the approval [13, 15,
17]. These trials showed the CV safety of the new anti-dia-
betic drugs [38—42] (confirmed by post-marketing data), rais-
ing expectations about their possible protective effects against
CV and renal complications beyond the benefits conferred
by glycaemic control alone [43]. In fact, prevention of non-
fatal and fatal CV events is a key goal of the management of
patients with T2DM.

Notably, in addition to blood pressure-lowering and cho-
lesterol-lowering therapies, in particular two of the newer
classes of anti-hyperglycaemic drugs, SGLT2i and GLP-
1RAs, have been shown to reduce CV risk [38].

DPP-4 inhibitors

Since their introduction in 2006, DPP-4 inhibitors, which
enhance the endogenous incretin effect, have become widely
used, especially as add-on to metformin. Although glucose-
lowering potency may be limited, particularly for individuals
with hyperglycaemia consequent to inadequate residual beta-
cell function, these agents incur little risk of hypoglycaemia
or weight gain [36].
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Several meta-analyses of RCTs with each of the DPP-4
inhibitors commercialized in the United States and in
Europe, alogliptin [44], saxagliptin [45], sitagliptin [46],
linagliptin [47], and vildagliptin [41], generally reported
a non-significant reduction of MACE compared with pla-
cebo or other active anti-diabetic compounds. Because of
the low number of MACE in each DPP-4 inhibitor-specific
meta-analysis, the differences failed to reach statistical sig-
nificance, thus paving the road to pooled analysis. Overall,
data from meta-analyses did not show evidence of harm and
showed neutral to beneficial effects for a variety of CV out-
comes depending on the analysis (Table 1) [48].

Neutral CV effects were reported when pooling the
results of all phase 2 to phase 3 trials and of the main
three CV outcome trials: EXAMINE [Examination of

Cardiovascular Outcomes: Alogliptin vs Standard of Care
in Patients with Type 2 Diabetes Mellitus and Acute Coro-
nary Syndrome], SAVOR-TIMI 53 [Saxagliptin Assess-
ment of Vascular Outcomes Recorded in Patients With
Diabetes Mellitus-Thrombolysis in Myocardial Infarc-
tion 53], and TECOS [Trial Evaluating Cardiovascular
Outcomes with Sitagliptin] [40, 42]. No significant dif-
ferences were observed in meta-analyses that compared
DPP-4 inhibitors with combined placebo or active glucose-
lowering medications and in meta-analyses that compared
DPP-4 inhibitors with placebo only [41]. Three meta-
analyses of the prospective CV outcome trials (EXAM-
INE, SAVOR-TIMI 53, TECOS) failed to demonstrate any
positive effect of DPP-4 inhibitors compared with placebo
on CV outcomes and mortality (Table 2) [49-51].

Table 1 Cardiovascular events and mortality rates with DPP-4 inhibitors in meta-analyses of phase 2 to 3 randomized controlled trials (exclud-

ing the 3 cardiovascular outcome Trials) [48]

DPP-4 inhibitor Alogliptin Saxagliptin Sitagliptin Linagliptin Vildagliptin All DPP-4 All DPP-4
inhibitors inhibitors Xu
Monami et al et al
No. of trials 11 20 25 8 40 70* 35¢
Daily dose, mg 12.5-25 2.5-10 100 5-10 1 or 2x50 variable variable
Patients (n) 4162 vs 1855 5701 vs 3455 7726 vs 6885 3319 vs 1920 9599 vs 7847 41 959 (total) 29 600 (total)
DPP-4 inhibi-
tors vs all com-
parators
Primary compos- 0.635 0.75 (0.46- 0.83 (0.53— 0.34 (0.16— 0.84 (0.62— 0.71 (0.59- 0.91 (0.53-1.56)
ite cardiovascu-  (0-1.406) 1.21) 1.30)¢ 0.70) 1.14) 0.86);
lar end point® P<0.001
Myocardial NA IRR, 0.87 NA 0.52 (0.17— 0.87 (0.56— 0.64 (0.44— 0.71 (0.49-1.03)
infarction 1.54) 1.38) 0.94);
P=0.023
Stroke NA IRR, 0.75 NA 0.11 (0.02— 0.84 (0.47- 0.77 (0.48- 0.61 (0.37-0.98)
0.51) 1.50) 1.24);
P=0.290
Hospitalization NA IRR, 0.55 NA NA 1.08 (0.68— NA 1.01 (0.53-1.94)
for heart failure 1.70)
Cardiovascular ~ NA IRR, 0.61 NA 0.74 (0.10— 0.77 (0.45— 0.67 (0.39— 0.91 (0.53-1.56)
mortality 5.33) 1.31) 1.14);
P=0.140
All-cause mortal- NA NA NA 1.02 (0.23- 0.91 (0.77- 0.60 (0.41- 0.77 (0.56-1.07)
ity 4.63) 1.08)¢ 0.88);
P=0.008

Comparators are placebo or active glucose-lowering agents. Results are expressed as hazard ratio or odds ratio (95% confidence intervals) and P

value when available

DPP-4 dipeptidyl peptidase-4, HR hazard ratio, IRR incidence rate ratio, NA not available

*Placebo (45 trials)/active (18 trials)/both comparators (7 trials)

#Eleven trials vs placebo and 24 trials vs active comparators: no difference between the 2 sets of trials except for stroke: 0.74 (0.25-2.20) vs pla-

cebo and 0.58 (0.34-0.99) vs active comparators

bCardiovascular mortality, nonfatal myocardial infarction, and nonfatal stroke

“Sitagliptin (n=5236) vs placebo (n=4548) only: HR=1.01 (0.53-1.86)

4 All-cause mortality combined with any cardiovascular event
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In the SAVOR-TIMI 53 trial, more patients in the saxa-
gliptin group than in the placebo group were hospitalized
for HF (3.5% versus 2.8%; p=0.007) [52]. This increased
risk of HF was highest among T2DM patients with ele-
vated levels of natriuretic peptides, prior HF, or chronic
kidney disease (CKD) at entry of the study. The risk of
HF hospitalization was increased irrespective of age cat-
egory while high baseline HbAlc was not shown to be a
risk factor. Of note, this higher rate of HF hospitalization
was not associated with an increased risk of CV death or
all-cause mortality in the group treated with saxagliptin,
a finding that may be considered as reassuring.

Different hypothesis about the mechanisms underlying
the increased risk of hospitalization for HF with DPP4
inhibitors were proposed. The higher risk of HF in patients
taking these drugs may be related to DPP-4 substrates
other than incretin hormones [48]. For example, substance
P is also degraded by DPP-4 and it increases sympathetic
activity [53], so there has been concern that elevation
of the circulating substance P level by administration of
DPP-4 inhibitors may increase the risk of HF by acceler-
ating the heart rate through sympathetic activation [54].
Neuropeptide Y is another peptide degraded by DPP-4,
and it also increases sympathetic activity [53]. Accord-
ingly, it is possible that the increased risk of hospitali-
zation for HF may be related to elevation of the plasma
levels of DPP-4 substrates such as substance P and/or
neuropeptide Y that stimulate sympathetic activity, and
this would represent a class effect of DPP-4 inhibitors.
Interestingly, the rate of hospitalization for HF was signifi-
cantly increased by treatment with saxagliptin throughout
the SAVOR trial. However, subanalysis showed that hos-
pitalization for HF was not increased in patients receiving
concomitant treatment with beta-blockers, supporting the
hypothesis that saxagliptin increased the risk of HF via
sympathetic activation [55]. In contrast with this class
effect of DPP4-inhibitors, it seems that the renal effects
of DPP-4 inhibitors differ between those mainly excreted
in the urine and those with low urinary excretion, depend-
ing on differential suppression of tubular sodium-hydrogen
exchanger 3 (NHE3) activity. Unlike other DPP-4 inhibi-
tors, sitagliptin and alogliptin are mainly excreted in the
urine and suppress renal NHE3 activity, promoting natriu-
resis and reducing the systolic blood pressure too. It could
explain why they do not increase the risk of HF in diabetic
patients [54].

Nevertheless, caution is recommended and T2DM
patients taking saxagliptin should be informed to contact
their health professionals in case of symptoms (shortness
of breath) and signs (swelling in the ankles) of HF [48].
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GLP-1RAs

GLP-1RAs, introduced in 2005, are either exendin-like
peptides (exenatide and lixisenatide) or more homologous
GLP-1 analogues, which are structurally adapted and formu-
lated to reduce degradation by DPP-4. Current GLP-1RAs
are administered by subcutaneous injection, except for oral
semaglutide and act via the GLP-1 receptor to enhance the
incretin effect [36].

GLP-1RAs have been associated with a reduction of
major CV events (MACE) and mortality on the basis of the
results of CV outcome trials (CVOTs) [56].

Recently, a systematic review and meta-analysis included
and evaluated all the large, placebo-controlled, CV outcome
trials of GLP-1RAs, to obtain robust estimates of the effects
of this class of drugs on different CV outcomes overall and
in prespecified patient subgroups, as well as examining kid-
ney outcomes and key safety outcomes [38]. Seven trials
with a total of 56 004 patients were included in the meta-
analysis: ELIXA (lixisenatide) [18], LEADER (liraglutide)
[19], SUSTAIN-6 (semaglutide) [20], EXSCEL (exenatide)
[27], Harmony Outcomes (albiglutide) [28], REWIND
(dulaglutide) [29], and PIONEER 6 (oral semaglutide) [57].

In these trials, the proportion of patients with established
CV disease at baseline ranged from 100% in ELIXA and
Harmony Outcomes to 31% of those in REWIND. Kidney
function was similar across trials (with median eGFR rang-
ing from 74 to 80 mL/min per m [2]). Median HbAlc was
lowest in REWIND and ELIXA (7.1% and 7.7%, respec-
tively) and highest in LEADER, SUSTAIN-6, and Harmony
Outcomes (8.7%). In the pooled analysis, treatment with a
GLP-1RAs led to a 12% relative risk reduction in MACE
(HR 0.88, 95% CI1 0.82-0.94; P <0.0001); Fig. 4). The NNT
to prevent one MACE event was 75 (95% CI 50-151) over
an estimated median follow-up of 3.2 years. When assess-
ing the components of the composite MACE outcome sep-
arately, GLP-1RA use led to a reduction in risk of death
from CV causes (HR 0.88, 95% CI 0.81-0.96; P <0.0001),
fatal or non-fatal stroke (0.84, 0.76-0.93; P <0.0001), and
fatal or non-fatal MI (0.91, 0.84-1.00; P=0.043); (Fig. 4).
In subgroup analyses, there was no statistical heteroge-
neity between the effect of a GLP-1RAs in primary pre-
vention patients (those without established CV disease)
and in patients with CV disease at baseline: the HR was
0.95 (95% CI 0.83-1.08) for primary prevention and 0.86
(0.79-0.94) for secondary prevention (p interaction =0.22).
Compared with placebo, treatment with GLP-1RAs reduced
the risk of death from any cause by 12% (HR 0.88, 95% CI
0.83-0.95; P=0.001), with an NNT to prevent one death
of 108 (77-260) over an estimated median follow-up of
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Fig.4 Risk of MACE and each of its components in the seven CV outcome trials of GLP-1 receptor agonists [38]

3.2 years. Furthermore, treatment with GLP-1RAs reduced
the broader composite kidney outcome (development of
macroalbuminuria, worsening kidney function [doubling
of serum creatinine or 40% or greater decline in eGFR],
end-stage kidney disease, and kidney-related death) by 17%
(HR 0.83, 95% CI 0.78-0.89), with an NNT to prevent one
event of 62 (48-96) over the estimated median follow-up
of 3.2 years. This finding was mainly due to a reduction in
urinary albumin excretion.

Based on these data, it can be considered that in patients
with T2DM, GLP-1RAs reduced three-component MACE
and each component, as well as all-cause mortality, but had
little or no effect on hospitalization for HF [58]. Treatment
with a GLP-1RAs also reduced the risk of worsening kid-
ney function, due mainly to a decrease in development of
macroalbuminuria. These benefits were obtained without an
increase in risk of severe hypoglycaemia, pancreatic adverse
effects, or thyroid cancer.
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SGLT2i

Introduced in 2012, the sodium—glucose cotransporter-2 inhibi-
tors are widely used as second and third line of glucose-lowering
agents, with low risk of hypoglycaemia plus weight-lowering
and blood pressure lowering effects. Their insulin-independent
glycosuric action differs from other glucose-lowering agents
enabling use in combination with any other class of drug at any
stage in the natural history of T2DM, if there is adequate renal
function [36].

Across a broad sample of patients with cardiometabolic
and kidney disease, SGLT2i therapy results in moderate
reductions in all-cause mortality, CV mortality, and MI, and
substantial reductions in hospitalization for HF and in adverse
kidney outcomes [30]. The magnitude of these effects was
largely consistent irrespective of the presence of T2DM, HF,
and CKD, and in the majority of cases, there was minimal
heterogeneity for clinical endpoints across trials [39].

Recently, a systematic review and meta-analysis about
the effect of SGLT2i on CV and kidney outcomes among
patients with T2DM, and independent of glycaemic status,
among patients with HF and CKD was performed, to analyze
data from existing large-scale CV and kidney outcome trials
of SGLT2i and to determine more reliable estimates of effi-
cacy and safety, across the different populations studied [39].
The main outcomes of interest were all-cause mortality, CV
mortality, hospitalization for HF, MI, stroke, and kidney
outcome, which was defined as the composite of end-stage
kidney disease, a doubling of the serum creatinine level, or
kidney-related mortality.

A total of 8 RCTs [21-23, 26, 59-68] with 59,747 par-
ticipants were included; 33,153 of these participants were
in the SGLT2i group, whereas 26,594 participants were in
the placebo group. Three RCTs investigated dapagliflozin,
three RCTs investigated canagliflozin (the two trials from
the CANVAS Program: CANVAS and CANVAS-R), two
RCTs investigated empagliflozin, and one RCT investigated
ertugliflozin. Five of the RCTs were exclusively in patients
with T2DM, whereas two included patients with HFrEF
regardless of T2DM status.

These systematic review and meta-analysis showed that
the use of SGLT?2i resulted in a 16% reduction in the risk of
all-cause mortality, 16% reduction in the risk of CV mortal-
ity, 31% reduction in the risk of hospitalization for HF, 9%
reduction in the risk of MI, and 38% reduction in the risk
of the composite kidney outcome in all patients (in both
patients with and without diabetes). In subgroup analyses
stratified by diabetes and HF status, the use of SGLT2i
consistently decreased the risk of hospitalization for HF
and composite kidney outcome among all subgroups (i.e.,
patients with T2DM regardless of the HF status, patients
with concurrent T2DM and HF, patients with T2DM without
HF, and patients with HF regardless of the T2DM status).

@ Springer

SGLT2i therapy had the greatest magnitude of risk reduc-
tion of hospitalization for HF and kidney-related outcomes.
Importantly, while the use of SGLT2i was associated with a
greater risk of adverse clinical events, the overall incidence
was very low [39] (Fig. 5).

Adverse effects linked to SGLT2i are severe genitourinary
infections, diabetic ketoacidosis, and amputations [69]. With
a small absolute number of events, the meta-analysis found
an increased risk of diabetic ketoacidosis and genital infec-
tion associated with the use of SGLT?2i. The risk of hypogly-
caemia and amputations did not differ between SGLT2i and
placebo. Despite these excess risks, SGLT2i have an overall
favourable safety profile [39].

Recently, in a meta-analysis of the DAPA-HF and
EMPEROR-Reduced trials, Zannad et al. demonstrated that
the use of SGLT2i in patients with HFrEF reduces the risk
of all-cause mortality, CV mortality, and first hospitalization
for HF and improves kidney outcomes [70].

More recently sotagliflozin, an SGLT?2i that also provides
some gastrointestinal SGLT1 inhibition, was tested soon
after an episode of decompensated HF [71]. The rationale
was that SGLT?2 inhibition increases glucose excretion in the
urine, whereas SGLT1 inhibition reduces the postprandial
glucose level by delaying intestinal glucose absorption.

A multicenter, double-blind trial, in patients with T2DM,
who were recently hospitalized for worsening HF, was per-
formed. Patients were randomly assigned to receive sotag-
liflozin or placebo. The primary end point was the total
number of deaths from CV causes and hospitalizations and
urgent visits for HF (first and subsequent events). Sotag-
liflozin therapy, initiated before or shortly after discharge,
resulted in a significantly lower total number of deaths from
CV causes and hospitalizations and urgent visits for HF than
placebo, but the trial ended early because of loss of fund-
ing from the sponsor and difficulties due to SARS-COV-2
pandemic [71].

Sotagliflozin was tested in patients with T2DM, CKD, and
risks for CV disease too, resulting in a lower risk of the com-
posite of deaths from CV causes, hospitalizations for HF, and
urgent visits for HF than placebo, but was associated with an
increase of adverse events. In particular, diarrhoea, genital
mycotic infections, volume depletion, and diabetic ketoacidosis
were more common with sotagliflozin than with placebo [72].

The improvement in CV and kidney outcomes, in patients
with and without diabetes treated with SGLT2i, suggests
inherent cardioprotective and kidney protective properties.
Although all patients (regardless of the T2DM status) had
improved CV outcomes with the use of SGLT2i, it remains
unclear what subgroup of non-diabetic patients would ben-
efit the most from such treatment [39].

Based on such recent evidences, SGLT?2i gained relevance
in the pharmacological treatment of HFrEF. In particular,
dapagliflozin and empagliflozin were included in the 2021
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Fig.5 Forest plots examining the cardiovascular and kidney outcomes in all patients regardless of the type 2 diabetes and heart failure status
[39]. CV, cardiovascular; HHF, hospitalization for heart failure; MI, myocardial infarction; IV, inverse variance

European Society of Cardiology HF Guidelines [73] and now

are recommended, in addition to optimized medical therapy
with ACEi/ARNI, beta-blockers, and MRAs, for all patients
with HFrEF regardless of diabetic status (Class I, Level A) to
reduce the risk of hospitalization for HF and death. Moreover,
it is expected that the diuretic/natriuretic properties of SGLT2
inhibitors may offer additional benefits in reducing congestion
and may allow a reduction in loop diuretic requirement [73].

Regarding heart failure with preserved ejection fraction
(HFpEF), an important contribute derived from the results of
the The Empagliflozin Outcome Trial in Patients with Chronic
Heart Failure with Preserved Ejection Fraction (EMPEROR-
Preserved), presented in the last congress of European Society
of Cardiology [74]. In this randomized, double-blind, parallel-
group, placebo-controlled, event-driven trial, empagliflozin
was tested in 5988 diabetic and non-diabetic patients with
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chronic HF, NYHA functional classes II-1V, and a left ven-
tricular ejection fraction >40%. They were randomly assigned
to receive empagliflozin (10 mg once daily) or placebo, in
addition to usual medical therapy. The primary outcome was
a composite of CV death or hospitalization for HF, analyzed as
the time to the first event. The first secondary outcome was the
occurrence of all adjudicated hospitalizations for HF, includ-
ing first and recurrent events.

Over a median of 26.2 months, a primary outcome event
occurred in 415 of 2997 patients (13.8%) in the empagli-
flozin group and in 511 of 2991 patients (17.1%) in the
placebo group (hazard ratio, 0.79; 95% CI, 0.69 to 0.90;
P <0.001). This effect was mainly related to a lower risk
of hospitalization for HF in the empagliflozin group. The
effects of empagliflozin appeared consistent in patients with
or without diabetes and across prespecified ejection fraction
subgroups. The total number of hospitalizations for HF was
lower in the empaglifiozin group than in the placebo group
(407 with empagliflozin and 541 with placebo; hazard ratio,
0.73;95% CI, 0.61 to 0.88; P <0.001) [74].

These results may represent a revolution in pharmacological
treatment of HFpEF, regardless of the diabetic status. Further
confirmations from an ongoing trial with dapagliflozin [75] are
needed to consider SGLT?2i indicated also in HFpEF patients.

The rationale for redefining diabetes
mellitus treatment

New antidiabetic drugs, particularly GLP-1RAs and
SGLT2i, have shown to have metabolic effects beyond
reducing plasma glucose levels, this aspect can be the ration-
ale for the paradigm shift in diabetes mellitus treatment.

SGLT2i and GLP-1RAs both lowered the risk of
MAUCE, hospitalization for HF, and renal events. But
SGLT2i reduced CV and all-cause mortality, hospitaliza-
tion for HF, and renal events, the most among the three
antidiabetic drug classes. DPP-4 inhibitors showed a simi-
lar safety profile to placebo, and it be considered inferior
to GLP-1RAs and SGLT2i with respect to CV events and
deaths.

Among GLP-1RA:s, it has been observed that liraglutide
reduces postprandial glucose without increasing insulin
concentration and improves beta-cell function in T2DM
patients. Its CV protective effects could be related to reduc-
tion in arterial stiffness, LV myocardial strain, twisting and
untwisting, N-terminal pro-brain natriuretic peptide, and oxi-
dative stress. These effects could offer myocardial protection
and prevention of diabetic heart disease [76]. Moreover, lira-
glutide reduces postprandial non-esterified free fatty acids
and suppresses soluble vascular cell adhesion molecule-1
compared to metformin [77]. It protects against acute liver
injury in the mouse [78]. It has been observed that postop-
erative intravenous exenatide in low-risk patients undergoing
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scheduled coronary artery bypass grafting surgery, provided
no additional cardio-protective effect compared to intrave-
nous insulin [79]. Therefore, it is still necessary to study the
CV efficacy and safety profile of GLP-1RAs to confirm their
place in clinical practice [80].

Among SGLT?2i, the exact mechanism by which they
exert the cardioprotective effect is not well understood.
Mechanistically, it is assumed that there may be differences
between a drug effect (as seen with the significant heteroge-
neity in mortality data) and a class effect (with the absence
of heterogeneity in hospitalization for HF and MI, irrespec-
tive of the subgroup) [39].

The hypothesized pharmacological effects of SGLT2i are
summarized in Fig. 6 [81].

Several hypotheses attempt to explain the cardio-renal
protective effect of SGLT2i:

(1) SGLT2i act on SGLT2 receptor in the proximal kid-
ney tubules, preventing the reabsorption of glucose and
sodium. Whether the resultant diuretic effect is the pri-
mary driver of the predominant HF and kidney benefits
or related to inherent cardioprotective/kidney protective
properties associated with SGLT2i use, remains to be
clarified [39].

(2) SGLT?2i induces a nutrient-deprived state through
lower serum glucose levels. The fasting state induces
lipolysis in adipose tissue with subsequent generation
of ketone bodies, such as B-hydroxybutyrate. Through
an altered substrate utilization and cellular signalling
with decreased cellular stress and cellular sodium influx,
SGLT2i could promote some of its cardioprotective
effects [39].

(3) Although the exact mechanism is still unknown,
SGLT?2i increased erythropoietin, haemoglobin, and
hematocrit levels. This can improve tissue oxygenation,
including cardiac tissue, leading to a cardioprotective
effect.

(4) Lastly, SGLT2i may indirectly provide a cardiopro-
tective effect by improving the lipid profile and decreas-
ing uric acid levels. The discrepancy between the benefit
observed for the most of CV events (death, hospitaliza-
tion for HF, and MI) and no benefit for stroke prevention
suggests that some of the mechanisms are limited to spe-
cific anatomical districts and systemic effects might not
translate into meaningful cerebral protection [39].

The protective mechanism of SGLT2i on the CV system
involves many aspects, including direct and indirect effects
on the heart [82].

The direct effects include the following:

(1) inhibition of myocardial Na*/H* exchange (NHE).
By inhibiting cardiac Na™/H* exchange activity, SGLT2i
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Fig.6 Proposed biological
mechanisms and effects of
sodium—glucose co-transporter
2 inhibitors [81]

Vascular and

haemo-
dynamic effects

Decreased blood pressure.

Decreased arterial stiffness.

Improved endothelial function.

Decreased interstitial vs. intravascular volume.
Decreased preload and afterload.

Increased haematocrit.

Decreased sympathetic nervous system activity.

Decreased renin-angiotensin system activation.
Reduced intraglomerular pressure.
Increase in natriuresis, diuresis and uricosuria.

Inhibition of Na*/H* exchanger.

Renal = Decreased albuminuria.
. effects = Decreased renal oxidative stress.
Mechanisms = Preservation of renal function.
= | ietin.
a nd effects ncreased erythropoietin
Of SGLTZ = Decreased myocardial hypertrophy and fibrosis.
. e . = Reverse cardiac remodeling.
inhibitors Cardiac =  Improved myocardial energetics.
effects = Decreased myocardial oxidative stress.

Metabolic

effects

increases the concentration of sodium ions in mitochon-
dria and reverse electrolyte disorders in patients with HF
[82].

(2) improvement of myocardial metabolism. SGLT2i may
improve myocardial energy metabolism, increase myocar-
dial oxygen supply, promote ATP energy storage, increase
oxygen uptake and transformation at the mitochondrial level,
increase ketone bodies, lower the insulin-to-glucagon ratio,
inhibit myocardial fibrosis, switch from glucose to ketone
utilization during myocardial metabolism, and reverse myo-
cardial remodelling [82].

(3) reduction of cardiac preload. SGLT2i can reduce
cardiac preload and myocardial oxygen consumption
by osmotic diuresis. More importantly, osmotic diuresis
induced by SGLT?2 leads to greater electrolyte-free water
clearance and subsequently greater fluid clearance from
the interstitial fluid space, resulting in congestion relief
with minimal impact on blood volume, arterial filling,
and organ perfusion [83].

(4) reduction of afterload. SGLT2i can lower blood pres-
sure and afterload by osmotic diuresis and increased uri-
nary sodium excretion, improved CV function by reduc-
ing oxidative stress, and endothelial cell inflammation
[82].

(5) reduction of cardiomyocyte apoptosis and myocardial
fibrosis. SGLT2i leads to modification of cell apoptosis
[82, 84]. In fact, these agents could influence apoptosis
by inducing as well as suppressing it in differing con-
ditions (i.e., cancer vs diabetic milieu). For example,

Decreased epicardial fat accumulation.

Weight loss.

Decreased total body and visceral adiposity.
Increased insulin sensitivity.

Increased muscle free fatty acid uptake.

Decreased uric acid levels.

Decreased liver steatosis and hepatocellular injury.

it was observed that empagliflozin can inhibit beta-cell
apoptosis via ameliorating glucotoxicity-induced oxida-
tive stress, while dapagliflozin induces apoptotic events
and reduces tumour volume in human renal cancer cells
and canagliflozin induces remarkable apoptosis processes
in human hepatocellular carcinoma cells [84]. SGLT2i
could attenuate cardiac fibrosis by alleviating oxidative
stress and TGF-p production and regulating macrophage
polarization too [82]. Interestingly, several studies have
demonstrated the relationship between NHE and car-
diomyocyte apoptosis [85] and myocardial fibrosis [86,
87]. Active NHE-1 (a predominant isoform of NHE in
cardiomyocytes) leads to the accumulation of intracel-
lular sodium, further increasing intracellular Ca2*, which
triggers myocardial apoptosis in addition to necrosis. A
possible link between NHE-1 activity and fibrosis may be
secondary to the fact that NHE-1 is a downstream effector
of several fibrosis-related signalling systems.

(6) reduction of the synthesis of adipokines, cytokines,
and epicardial adipose tissue. The alteration of adipokine
production and/or action has been proposed as a common
mechanism of CV disease. Ectopic fat deposition in the
form of epicardial fat could lead to the genesis of HF
[88]. SGLT2i could restore the balance between pro- and
anti-inflammatory adipokines.

(7) modulation of sympathetic nerve activity [89]. Activa-
tion of the sympathetic nervous system is closely related
to the onset and progression of HF, and the mechanism
by which SGLT2i suppress sympathetic nerve activity

@ Springer



620

Heart Failure Reviews (2023) 28:607-625

Table 3 Potential mechanisms through which glucagon-like peptide-1 receptor agonists (GLP-1RAs) and sodium/glucose co-transporter-2
(SGLT-2) inhibitors exert cardio- renal protective effects beyond glucose-lowering and weight-lowering effects>®

GLP-1 receptor agonists

SGLT-2 inhibitors

Cardiovascular
Renal

Mostly decrease ASCVD

| Blood pressure (but 1 heart rate)

1Vasodilatation (endothelium-mediated?)

| Angiotensin II (renin activity unchanged?)
tNatriuresis (| renal Na/H exchanger?)

| Improved lipid profile (| TC, | LDL, | TG)

| Inflammatory and atherothrombotic markers

({ CRP, |eNOS, | ICAM-1, |PAI-1)

Decrease in albuminuria

A Intra-renal haemodynamics (mechanisms unclear)

| Angiotensin II activity in glomerulus (effect unclear)

| Inflammation (partly by | adiposity)
| Oxidative stress (partly by | glucotoxicity)

Mostly decrease heart failure
| Blood pressure
| Plasma volume (due to diuresis)
| Arterial stiffness (mechanism unclear)
TMyocardial energy substrate (ketones)
TtMyocardial BCAA catabolism (1 PDH)
TtMyocardial energetics (| Na/H exchanger tmitochondrial calcium)
1 Angiotensin 1-7 (mechanism unclear)
| Uric acid (1 renal urate excretion)
Decrease CKD and albuminuria
| Intra-glomerular pressure”
1Tubulo-glomerular feedback
| Hyperfiltration
| Inflammation (partly by | adiposity)
| Oxidative stress (partly by | glucotoxicity)

The cardiovascular protection mediated by GLP-1RAs appears to be mostly through a reduction in fatal atherosclerotic events, while the pro-
tection mediated by SGLT-2 inhibitors is mostly by a reduction in the onset and progression of heart failure. SGLT-2 inhibitors can reduce the
long-term decline in glomerular filtration rate and reduce the onset and progression of albuminuria, while the renal effects of GLP-1RAs are less
pronounced and appear to involve intra-renal haemodynamic adjustments that alter filtration

“A decrease in intra-glomerular pressure is mediated by a combination of reduced plasma volume, reduced blood pressure and increased tubulo-
glomerular feedback (TGF). TGF is increased by tubular sodium which activates macula densa cells to release ATP which is converted to adeno-
sine. Adenosine causes contraction of afferent glomerular vessels and the reduced intra-glomerular pressure reduces filtration

1 increase, | decrease, A change

is not yet fully understood. One possible explanation is
described by mediating ketone body metabolism.

The indirect effects include the following:

(1) improvement of blood glucose levels. Studies have
confirmed that hyperglycosylated haemoglobin and
hypoglycaemia events are risk factors for CV events, but
SGLT2i can reduce glycosylated haemoglobin lowering
the risk of hypoglycaemia and resulting in CV benefits.
(2) promotion of weight loss. Obesity is an independ-
ent risk factor for CV disease. SGLT2i causes glycosuria
and negative energy balance, thereby leading to body
weight loss [90]. SGLT2i can reduce the occurrence of
CV events by promoting weight loss.

(3) reduction of blood pressure [91]. It is well known that
hypertension is a common complication of diabetes and
one of the risk factors for CV disease. SGLT2i reduces
systolic blood pressure (BP) by 2.46 mmHg and diastolic
BP by 1.46 mmHg, while they reduce 24-h ambulatory
systolic and diastolic BP by 3.76 mmHg and 1.83 mmHg,
respectively. SGLT2i can exert antihypertensive effects in
many ways (such as decreased uric acid levels, metabolic
fuel switching (ketogenic) activity, reduced body weight,
haemodynamic mechanisms secondary to volume deple-
tion caused by diuresis and natriuresis, and so on) and
thus play a role in CV protection.

@ Springer

(4) SGLT2i reduces proteinuria, delaying the progres-
sion of renal disease. Proteinuria and renal insufficiency
are risk factors for CV events in patients with diabetes.
SGLT2i can reduce proteinuria by reducing glomerular
hyperfiltration. In addition, SGLT?2i also have a good
renal protective effect (described in more detail below),
delaying the progressive damage of diabetic nephropa-
thy [82].

The beneficial effects of SGLT2i in preventing CV
events have been widely recognized in the clinic, and their
possibility to prevent new onset HF in patients without his-
tory of HF suggests the intriguing possibility of novel dis-
ease modifying effects of the new class of drugs. Probably,
SGLT2i affects a variety of pathophysiologic mechanisms
in order to explain the prevention of a complex syndrome
such as HF [39].

Several mechanisms likely contribute to the kidney pro-
tective effect of SGLT2i. By inhibiting SGLT2, less glu-
cose and sodium are reabsorbed in the proximal tubule.
The non-reabsorbed glucose and sodium exert an osmotic
effect, which increases the fluid delivery to the distal tubule.
This, in turn, increases the hydrostatic pressure in Bowman's
space. Also, the increase in the delivery of sodium to the
macula densa results in vasoconstriction of the afferent arte-
riolar with a subsequent reduction in the intraglomerular
pressure. These changes result in initial reduction in eGFR
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and haemodynamic changes similar to those associated with
the use of renin-angiotensin system blockers [39].

The potential mechanisms through which GLP-1RAs
and SGLT?2i exert cardio-renal protective effects beyond
glucose-lowering and weight-lowering effects are illus-
trated in Table 3.

Conclusions

The acknowledgment of the disappointing results obtained
with therapies aimed exclusively at improving glycaemic
control, has led in recent years to a substantial paradigm
shift in the treatment of the diabetic patient. The results
obtained first with GLP-1RAs and, more recently even more
with SGLT2i on mortality and CV events, have made it clear
how other mechanisms, beyond the hypoglycaemic effect,
are involved in the benefits observed in CVOTs. And as evi-
dence of the great revolution of thought we are experiencing,
there is the recognition of gliflozins as drugs for the treat-
ment not only of diabetic patients but also of non-diabetic
patients suffering from HF, as reported in the latest ESC/
HFA guidelines. Surely, we still have a lot to understand, but
it is certain that this is the beginning of a new era.

Author contribution S. Nodari had the idea for the article and contrib-
uted to draft and critically revise the work. F. Fioretti performed the
literature search and data analysis and contributed to draft the work. F.
Barilla critically revised the work.
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