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A B S T R A C T

Atherosclerotic cardiovascular disease (ASCVD), heart failure (HF) and chronic kidney disease (CKD) are
major complications of type 2 diabetes (T2DM). The objectives of preventing these complications are not
fully reached in clinical practice. Sodium-glucose cotransporter 2 inhibitors (SGLT2is) have proven their effi-
cacy in reducing major cardiovascular events, diminishing hospitalization for HF and limiting the progression
of CKD to end-stage kidney disease in placebo-controlled randomised trials in high-risk patients with T2DM.
These evidence-based benefits were confirmed in real-life cohort studies worldwide compared with other
glucose-lowering agents. However, real-world data showed that only a minority of eligible patients with
T2DM received an SGLT2i, yet encouraging increase was observed in recent years. Surprisingly, in several
studies less patients with comorbidities (especially CKD) were treated with SGLT2is compared with T2DM
patients without these complications. Bridging the gap between evidence-based cardiorenal protection with
SGLT2is and their underuse in daily clinical practice in patients with T2DM at high risk is crucial from a public
health viewpoint. Multifaceted and coordinated interventions involving all actors should be implemented to
incite the adoption of SGLT2is as part of routine cardiovascular and renal care among patients with T2DM at
high risk for these comorbidities.
© 2023 The Author. Published by Elsevier Masson SAS. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
Keywords:

Atherosclerotic cardiovascular disease
Chronic kidney disease
Gliflozin
Heart failure
Real-life
SGLT2 inhibitor
y, Centre for Interdisciplinary
lgium.

sson SAS. This is an open access article under the CC BY-NC-ND license
Introduction

Patients with type 2 diabetes mellitus (T2DM) [1] are exposed to a
high risk of atherosclerotic cardiovascular disease (ASCVD) [2], heart
failure (HF) [3] and chronic kidney disease (CKD) [4]. Sodium-glucose
cotransporter type 2 inhibitors (SGLT2is) have proven their efficacy
in reducing the incidence of major cardiovascular adverse events
(MACEs: a composite of cardiovascular mortality, nonfatal myocar-
dial infarction and nonfatal stroke) in high-risk patients with T2DM
[2,5]. This cardioprotective effect was observed in placebo-controlled
cardiovascular outcome trials (CVOTs) in patients who were at high
cardiovascular (CV) risk (most patients with established ASCVD)
[6,7]. It was also confirmed in retrospective observational cohort
studies that compared outcomes with SGLT2is versus other glucose-
lowering agents, especially dipeptidyl peptidase-4 inhibitors (DPP-
4is or gliptins), including among patients in primary prevention [8].
Importantly, SGLT2i therapy was associated with a significant and
highly reproducible reduction in hospitalization for heart failure
(hHF) [3], a remarkable effect reported in placebo-controlled CVOTs
in patients with either HF with reduced ejection fraction (HFrEF),
mildly reduced (HFmrEF) and preserved ejection fraction (HFpEF)
[6,7,9]. This benefit was confirmed in observational retrospective
cohort studies [8,10,11], thus moving from efficacy in CVOTs to effec-
tiveness in real-world [7,12]. Finally, nephroprotective effects have
also been consistently reported with SGLT2is in patients with T2DM
and CKD. These agents were associated not only with a significant
reduction in urinary albumin-creatinine ratio (UACR), but also, and
more importantly, in the progression to end-stage kidney disease
(ESKD) in patients with reduced estimated glomerular filtration rate
(eGFR) [4,13,14].

These favourable evidence-based results [15,16] led to a privi-
leged positioning of SGLT2is in international consensus reports for
the management of patients with T2DM at high risk by diabetologists
[17,18] cardiologists [19] and nephrologists [20]. According to the
2019 ADA-EASD (American Diabetes Association/European Associa-
tion for the Study of Diabetes) guidelines and 2019 ESC (European
Cardiology Society) guidelines, 37.2 % of patients among 435 000
patients with T2DM identified from the Swedish National Diabetes
Register (2020−21) were recommended treatment with SGLT2is, but
only 27.0 % were treated with these medications [21]. The US
National Health and Nutrition Examination Survey from 2017 to
2018 showed substantial gaps in the use of SGLT2is despite a large
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number of patients being eligible for guideline�recommended cardi-
orenal protective therapies [22]. A recent international cohort study
showed that sulphonylureas remain the most common second-line
medications prescribed following metformin in both the United
States and the United Kingdom and that the use of newer glucose-
lowering therapies with cardiovascular benefits remains low despite
recommendations [23]. Addressing this paradox may help reduce the
morbidity and mortality associated with ASCVD, HF and CKD among
patients with T2DM [24].

The present comprehensive review analyzes the gap between, on
the one hand, clinical evidence emerging form placebo-controlled
randomised clinical trials (RCTs), which consistently showed cardi-
orenal benefits that were confirmed in retrospective observational
studies comparing SGLT2i users versus non-users and, on the other
hand, the relatively low use of SGLT2is in daily practice in the US and
worldwide among patients with T2DM, especially those with antece-
dents of ASCVD, HF and/or CKD. In a first step, results of meta-analy-
ses of RCTs and retrospective observational cohort studies were
briefly summarized. They evidenced a significant reduction of MACEs,
hHF and renal outcomes associated with SGLT2is versus placebo or
other glucose-lowering agents used as active comparators. In a sec-
ond step, observational studies in real-life conditions which reported
the proportion of patients with T2DM treated with SGLT2is among a
population that deserved such protective agents because of the pres-
ence of ASCVD, HF or CKD. Findings underlined underuse of SGLT2is
in clinical practice among patients with T2DM who should benefit of
this therapy [25].

The main reasons for such a gap between evidence-based data
demonstrating clear-cut CV and renal benefits with SGLT2is and the
underuse of these protective agents in daily clinical practice as well
as the different approaches that could contribute to bridge this gap
have been extensively discussed in another recent article [26] and
will only briefly summarized here.

Demonstration of cardiovascular and renal protection

Placebo-controlled CVOTs

A network meta-analysis of 23 CVOTs concluded that SGLT2is are
superior to DPP-4is in reducing the risk of most CV (and renal) out-
comes and are superior to GLP-1RAs in reducing the risk of hHF (and
renal) events [27].

Patients with ASCVD

In a meta-analysis of ten RCTs in patients with ASCVD (25,108
patients in the SGLT2i group and 18,574 patients in the placebo
group), SGLT2i treatment significantly reduced CV mortality (relative
risk [RR] 0.85, 95 % confidence interval [CI] 0.79−0.92; P < 0.0001)
and even more hHF (RR 0.69, 0.64−0.81; P < 0.00001) [28]. In a meta-
analysis of 5 RCTs comprising 23 987 patients with T2DM patients
but without established ASCVD (primary prevention), the use of
SGLT2is led to significant reductions in MACEs (RR, 0.74, 95 % CI, 0.61
−0.89; P = 0.001), myocardial infarction (RR 0.67, 0.47−0.97;
P = 0.03), and stroke (RR, 0.61, 0.41−0.91; P = 0.01) primarily in
patients with CKD along with T2DM, whereas these benefits failed to
reach statistical significance in patients with T2DMwithout CKD [29].
Another meta-analysis of 10 RCTs confirmed that the clinical benefits
with SGLT2is such as preventing CV death, HF worsening, or stroke
may be greater for patients with more severe CKD [30].

Patients with HF

In patients with HF, a meta-analysis of seventeen RCTs, compris-
ing a total of 20,749 participants, (n = 10,848 treated with SGLT2is
and n = 9901 treated with a comparator) showed that treatment with
2

SGLT2is was associated with 32 % relative risk reduction (RRR) of hHF
(RR 0.68, 95 % CI 0.62−074), and 18 % RRR of CV mortality (RR 0.82,
0.73−0.91) [31]. A meta-analysis of nineteen RCTs, including 20 633
patients with HF and an ejection fraction of 40 % or more showed
that SGLT2is were associated with a significant reduction in the risk
of hHF compared with placebo (HR 0.71, 95 % CI 0.60−0.83] [32]. As
this reduction was greater than that observed with other drugs, these
findings suggest that SGLT2is are the optimal drug class for HFpEF
and HFmrEF as compared with other cardiological drugs classically
used for the treatment of HFrEF.

Patients with CKD

A first systematic review and meta-analysis of four studies with a
total of 38 723 participants published in 2019 assessed the effects of
SGLT2is on major kidney outcomes in patients with T2DM. SGLT2is
substantially reduced the composite risk of dialysis, transplantation,
or death due to CKD (RR 0.67, 95 % CI 0.52−0.86; P = 0.0019). They
also reduced ESKD (0.65, 0.53−0.81; P < 0.0001), and acute kidney
injury (0.75, 0.66−0.85, P < 0.0001). Benefits were consistent across
studies, including for participants with a baseline eGFR 30−45 mL/
min per 1.73 m2 and irrespective of baseline albuminuria [13]. A
more recent collaborative meta-analysis identified 13 large placebo-
controlled RCTs with 90 409 participants (82.7 % participants with
diabetes) who had a mean baseline eGFR ranging between 37 and
85 mL/min per 1.73 m2). Compared with placebo, allocation to an
SGLT2i reduced the risk of kidney disease progression by 37 % (RR
0.63, 95 % CI 0.58−0.69). SGLT2is reduced the risk of acute kidney
injury by 23 % (0.77, 0.70−0.84), the risk of CV death or hHF by 23 %
(0.77, 0.74−0.81) and the risk of CV death by 14 % (0.86, 0.81−0.92),
all differences highly statistically significant. Interestingly, similar
effects were observed in people with and without diabetes and irre-
spective of trial mean baseline eGFR [14].

Overall, the conclusion of placebo-controlled trials is that in a
population of individuals with T2DM and a high CVD and/or renal
risk, both CV and renal benefits of SGLT2is are substantial, whatever
the baseline characteristics with a apparent greater benefit in
patients with more severe comorbidities, especially CKD. Despite the
possible occurrence of some adverse effects [33], the benefit-risk
ratio of SGLT2is is favourable [34].

Observational real-life studies

Several meta-analyses of observational studies that investigated
the effect of SGLT2is versus DPP-4is or any other glucose-lowering
agents on CV events, mortality, hHF and renal events were published
in recent years. CV and renal outcomes with SGLT2is in real-life
observational studies in older patients with T2DM were discussed in
a recent paper [35].

In a meta-analysis of fourteen observational and cohort studies
enrolling 3 157,259 patients, SGLT2is compared to other glucose-
lowering drugs reduced MACEs (odds ratio [OR] 0.71, 95 % CI 0.67
−0.75; P < 0.001), CV mortality (OR 0.58, 0.49−0.69; P < 0.001), myo-
cardial infarction (OR 0.77, 0.73−0.81; P < 0.001), stroke (OR 0.75,
0.72−0.78; P < 0.001), and the risk of hHF (OR 0.56, 0.46−0.68;
P < 0.001) [36].

A meta-analysis focusing on cerebrovascular outcomes selected
20 observational studies with SGLT2is, of which thirteen considered
the comparison with DPP-4is and seven the comparison with non-
SGLT2i glucose-lowering agents. The pooled intention-to-treat analy-
sis showed a reduced risk of stroke with SGLT2is compared to DPP-
4is (HR 0.89, 95 % CI, 0.82−0.96) and non-SGLT2i anti-hyperglycemic
medications (HR 0.83, 0.77−0.91) [37].

A meta-analysis of RCTs (N = 34,322), observational studies (N = 1
536,339), and both (N = 1 570,661) demonstrated a significant reduc-
tion in hHF (OR 0.70, 0.64, 0.66; all P = 0.0001) with SGLT2is
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compared to placebo (RCTs) or other anti-diabetes drugs (observa-
tional studies) in patients with T2DM [38]. Interestingly, this work
showed no difference between the results of RCTs and those of obser-
vational studies. In another meta-analysis of 21 observational studies,
SGLT2is were associated with a reduced risk of hHF (HR 0.65, 95 % CI
0.59−0.72) overall and both in those with ASCVD (HR 0.78, 0.68
−0.89) and without ASCVD (HR 0.53, 0.39−0.71). Absolute risk reduc-
tion for hHF in people with a history of CVD was significantly greater
than in those without ASCVD, corresponding to different number-
needed-to-treat values to prevent one event of hHF, 86 person-years
and 256 person-years, respectively [39]. Thus, real-world SGLT2i use
supports RCT data for the size effect of reduced hHF in patients with
T2DM, although with a much lower absolute risk reduction in people
without CVD.

In a meta-analysis of 20 observational studies across 15 countries
with a total population of 1 494 373, SGLT2is were associated with a
46 % lower risk of kidney failure events (comprising kidney trans-
plantation, maintenance dialysis, death from kidney failure, sustained
eGFR <15 mL/min per 1.73 m2 or sustained ≥ 40 % decline in kidney
function) compared with other glucose-lowering drugs (HR 0.54,
95 % CI 0.47−0.63). This finding was independent of baseline eGFR or
albuminuria status [40], thus confirming results from placebo-con-
trolled RCTs [13,14,41]. Thus, there is definitely a place for SGLT2is to
prevent CKD in clinical practice, yet challenges remain that should be
overcome to progressively increase their use [42−44].

Underuse of SGLT2is among high-risk patients in clinical practice

Table 1 summarizes the findings about the use of SGLT2is among
patients with T2DM and comorbidities (ASCVD, HF, CKD) that should
make them eligible for a treatment with SGLT2is and who received
Table 1
Use of SGLT2is in T2DM patients with ASCVD, HF or CKD in real-life.

Refs. Country n Comorbidity

Atherosclerotic cardiovascular disease (ASCVD)
Arnold et al. [45] US 5006 ASCVD (coronary artery, cer

ease)
Eberly et al. [47] US 594 058 ASCVD (coronary artery, cer

ease)
Nargesi et al. [22] US (NHANES) 264 ASCVD (previous history of
Mahtta et al. [49] US 537,980 Established ASCVD (no deta
Devineni et al. [51] US 31,394 Established ASCVD (no deta
Hao et al. [53] Canada 680 ASCVD (events or endovasc
Ozaki et al. [52] Ontario, Canada 132 196 ASCVD (events or revascula
Bidulka et al. [58] England 8466 ASCVD (composite of ischae

previous myocardial infar
Nanna et al. [59] US 194 264 (2018)

85 956 (2021)
ASCVD (coronary artery dis
atherosclerotic cerebrova

Barth et al. [60] Germany 16,006 ASCVD (events or revascula
Heart failure (HF)
Eberly et al. [47] US 26 054 HFrEF
Nargesi et al. [22] US (NHANES) 100 HF (any type)
Pierce et al. [57] USA 21 830 HFrEF (hospitalization)
Stolfo et al. [61] Sweden 8192 HFrEF
ASCVD or HF
Dave et al. [46] US 90 096 ASCVD (myocardial infarctio
Hussain et al. [50] US 105,799 ASCVD (established) or HF (
Chronic kidney disease (CKD)
Eberly et al. [47] US 92 485 CKD (stages 1−3)
Nargesi et al. [22] US (NHANES) 408 CKD (eGFR G3 or UACR A2-A
Harris et al. [56] USA 33 891 CKD (eGFR 15−60 ml/min p
Jeong et al. [48] Korea 905 CKD (eGFR G1-G5 and UACR
Zhuo et al. [55] USA 22 653 CKD (G 3−5)
Lau et al. [54] Alberta health 76 630 CKD eGFR < 90 with protein
Nicholas et al. [62] USA 39 158 eGFR < 60 or high UACR ≥ 3
Seetharaman et al. [63] India 253 CKD (G 1−4)

eGFR: estimated glomerular filtration rate. HFrEF: heart failure with reduced ejection fractio
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this treatment in real-world observational studies [22,45−63]. In total,
20 studies were identified after a careful scrutinization of the interna-
tional literature. Most studies were carried out in the United States.
ASCVD is defined by antecedents of a CV event (mainly coronary artery
disease and stroke) or a procedure of revascularization. HF essentially
concerned HFrEF, the first type of HF which was validated for SGLT2i
use. The definition of CKD was based upon the presence of a reduced
eGFR or of albuminuria (Table 1). Overall, most studies reported per-
centages of patients with T2DM and comorbidities treated with
SGLT2is comprised between 6.0 and 28.0 %, except in a Korean study
in patients with CKD (32.9 %) [48] and another small-size study per-
formed in India (3.1 %) [63]. The findings of a recent Swedish study
that recruited patients with HFrEF and reported much higher use of
SGLT2is (69.8 % in 2022) [61] are discussed below. No obvious differ-
ences in the underuse of SGLT2is could be detected across the type of
comorbidity, even if a trend for a lower use seems apparent in patients
with CKD compared to those with ASCVD or HF (Table 1).

Some studies reported a trend of use of SGLT2is throughout the
duration of the study, from 2013 to 2020, and all showed a signifi-
cant, yet still insufficient, increase with time [46,47,52,56,58−61].
This was also reported in DISCOVER, a global, prospective, observa-
tional study among 14,576 patients with T2DM from 37 countries,
8.7 % were started on an SGLT2i at enrollment (2014−16) and an
encouraging, yet limited, increase up to 12.8 % was noticed at end of
follow-up three years later [64]. Of note, in contrast to observational
studies collected in Table 1, patients with T2DM of the DISCOVERY
were not recruited because of the presence of comorbidities such as
ASCVD, HF or CKD [64]. One recent study that collected data from the
Swedish Heart Failure Registry in patients with HFrEF reported much
higher and increasing levels of use of SGLT2is (from 46.2 % to 69.8 %)
among patients with T2DM registered between 1 November 2020
% use
(starting year)

% use
(late year)

ebrovascular, or peripheral artery dis- NA 9.0 (2016/18)

ebrovascular, or peripheral artery dis- 3.0 (2015) 9.8 (2019)

event) NA 7.4 (2017/18)
iled definition) NA 11.2 (2020)
iled definition) NA 8.6 (2018/22)
ular procedures) NA 17.3 (2018/19)
rization) 7.0 (2016/17) 20.1 (2019/20)
mic heart disease, unstable angina,
ction, previous stroke or HF)

11.0 (2015/16) 28.0 (2019/20)

ease, peripheral arterial disease, or
scular disease)

5.8 (2018) 12.9 (2021)

rization) 13.9 (2017−18) 20.4 (2019−20)

1.9 (2015) 7.6 (2019)
NA 9.0 (2017/18)
NA 26.2 (2021/22)
46.2 (2020) 69.8 (2022)

n/stroke) or HF (any type) 8.8 (2013) 12.2 (2018)
any type) NA 14.6 (2020)

2.1 (2015) 7.5 (2019)
3) NA 6.0 (2017/18)
er 1.73 m2) 4.0 (2015) 8.0 (2019) 13.0 (2020 Q1)
A1-A3) NA 32.9 (2019/20)

NA 6.0 (2021)
uria or eGFR < 60 or high UACR NA 7.1 (2019)
0 mg/g NA 6.0 (2019/20)

NA 3.1 (NA)

n. NA: not available. UACR: urinary albumin/creatinine ratio.
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and 5 August 2022 (of note, this date coincided with the approval of
SGLT2i for the treatment of HFrEF in Sweden) [61].

Surprisingly, several studies reported lower rates of SGLT2i use in
T2DM patients with comorbidities (ASCVD, HF, CKD) compared with
those without comorbidities. In a study carried out in England, when
stratifying by prevalent ASCVD status, it has been reported that lower
predicted percentages of people with prevalent ASCVD prescribed
SGLT2is compared with people without prevalent ASCVD, a differ-
ence found across all ethnicity groups and all levels of social depriva-
tion [58]. According to another observational study using linked
population-based health data in Ontario, only 20 % of patients with
T2DM and ASCVD were prescribed SGLT2is in 2019/20, but history of
HF and kidney disease, were shown to be independent factors of
lower SGLT2i prescribing [52]. Data from the “Northern Alberta Pri-
mary Care Research Network” in Canada showed that SGLT2is were
less likely to be prescribed to patients with pre-existing ASCVD, HF,
and/or CKD: surprisingly, the use of SGLT2is in these patients was
lower than in patients without cardiorenal comorbidities (14.9 % vs
21.2 %; P < 0.05) [53]. Similarly, in a retrospective US analysis, T2DM
patients with HF were less likely to start SGLT2is rather than DPP-4is
compared with patients without these conditions (RRR 0.83, 95 % CI
0.80−0.87) [24]. In a recent survey in a German real-world setting,
SGLT2i use slightly increased between 2027/18 and 2019/20, with no
major difference among patients with ASCVD (from 13.9 to 20.4 %)
and among patients with T2DM and without ASCVD (from 12.1 % to
16.6 %) [60]. However, in the already mentioned multinational DIS-
COVERY survey, coronary artery disease was associated with an
almost 30 % increased use of SGLT2is (or GLP-1RAs) compared with
patients without ASCVD [64]. Overall, most observations were clearly
in contradiction with the international guidelines [17−20] that
emphasized the benefit from this pharmacological class in both pla-
cebo-controlled RCTs and real-life studies versus active comparators.

Another intriguing finding was the huge variation in the use of
SGLT2is across different patient groups or country areas. Among
537,980 patients with ASCVD and T2DM across 130 Veterans facili-
ties, only 11.2 % of patients received an SGLT2i, with high residual
facility-level variation in the use of these drugs [49]. This was con-
firmed in another similar study among 105,799 T2DM patients with
ASCVD or HF: only 14.6 % received SGLT2is, with again a high (55 %)
residual variation in SGLT2i use among similar patients across Veter-
ans Affairs facilities [50]. In a cross-sectional study conducted
between 2014 and 2019 in 50 US states and the District of Columbia,
SGLT2i therapy increased in use during the study period, yet with a
considerable variation among states in their relative use [65]. In DIS-
COVER, a global, prospective, observational survey among 14,576
patients with T2DM from 37 countries, substantial country-level vari-
ability exists independent of patient demographic and clinical factors,
suggesting structural barriers may limit more widespread use of
these medications with CV and renal protection properties [64].

Addressing the paradox and bridging the gap

Several factors or patient characteristics appeared to influence the
rate of use of SGLT2is. Of note, racial, ethnic, and socioeconomic
inequities in SGLT2i use were noticed among patients with T2DM as
recently reviewed [66]. These inequities were noticed in different
countries, in the US [47,51], in Canada [52] and in England [58]. In a
Canadian study, age 75 years or older, female sex, and low income
were shown to be independent factors of lower SGLT2i prescribing
[52]. In “NIH Precision Medicine Initiative All of Us Research Pro-
gram”, only 8.6 % of patients with T2DM and ASCVD were treated
with an SGLT2i and SGLT2i use was < 10 % in those with HF, and their
use was even lower among underserved groups [51]. Even when a
universal healthcare system is developed as in Denmark, a low socio-
economic position was consistently associated with a lower probabil-
ity of initiating an SGLT2i in patients with T2DM despite they were
4

eligible for such protective therapy [67]. Another study reported that
among patients with diabetes, advanced CKD stages were associated
with lower odds of SGLT2i prescription, whereas at least one subspe-
cialist visit in the previous year was associated with higher odds of
SGLT2i prescription [55]. According to the data from the nationwide
Veterans Affairs health care system, patients receiving SGLT2is were
younger men with higher hemoglobin A1c and eGFR and were more
likely to have HFrEF and ischaemic heart disease [50].

Addressing the paradox of an underuse in clinical practice of
SGLT2is with evidence-proven CV and renal protective properties
should help reduce the increased morbidity and mortality in this
T2DM population with ASCVD, HF and/or CKD [15,24,68]. The imple-
mentation of clinician and patient dedicated education should
encourage uptake of these drugs in clinical practice, potentially
improving long-term health outcomes among patients with T2DM at
high CV and renal risk [69]. An original RCT demonstrated that a coor-
dinated, multifaceted intervention increased the prescription of evi-
dence-based therapies in adults with T2DM and ASCVD, including
the use of SGLT2is [70]. As recently reviewed [26], three key-strate-
gies should be implemented to reduce the underuse of SGLT2is in
daily clinical practice: (i) avoiding medical delayed initiation (thera-
peutic inertia) or inappropriate discontinuation (including during
hospital stay) [71]; (ii) improving patient drug adherence and persis-
tence; and (iii) promoting an easier access to SGLT2is inside the
health care system. A recent comparative population-based retro-
spective cohort study using primary care data from the UK Clinical
Practice Research Datalink revealed that the rate (60 %) of treatment
discontinuation among SGLT2i users was significantly higher for
those with low eGFR and minimal contact with the healthcare sys-
tem, whereas efficacy endpoints, such as HF and glycated hemoglobin
level, were not associated with treatment discontinuation [72].
Another study that evaluated the cost effectiveness of SGLT2i therapy
in a routine care T2DM population that meets Dutch reimbursement
criteria concluded that SGLT2i are likely to be cost effective when
compared with usual care although the Dutch reimbursement indica-
tions led to a target group that deviates from trial populations [73].

Because of the complexity of the problem, multifaceted and coor-
dinated interventions involving not only clinicians and patients, but
also professional societies (responsible for promoting guidelines),
payers, pharmaceutical companies and health care systems in general
must be implemented to favor the adoption of these medications as
part of routine CV care (and renal protection as well) among patients
with T2DM [74,75].

Conclusion

Over the last decade, SGLT2is have changed the treatment para-
digm for patients with T2DM, especially those with or at high risk of
ASCVD, HF or CKD, after the demonstration of a cardiovascular and
renal protection in large placebo-controlled clinical trials, a clinical
benefit confirmed in many observational studies worldwide. These
medications are now recommended in international guidelines
beyond their effects on glucose control and have become a powerful
resource for health care providers in patients with T2DM and highly
prevalent comorbidities. However, SGLT2is remain vastly underused
in clinical practice despite their broad cardiorenal benefits. A compi-
lation of real-world studies showed that only a minority of patients
were treated with SGLT2is, yet a trend of an increase was systemati-
cally reported in recent years. Nevertheless, an astonishing finding
was the report in several real-life studies that SGLT2is were less fre-
quently used in T2DM patients with ASCVD, HF or even more CKD
than in people without these complications, despite most patients
should benefit. Multifaceted coordinated interventions are most
probably needed to overcome barriers to the implementation of evi-
dence-based therapies with CV and renal benefits and facilitate their
optimal use in the population with T2DM.
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