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Cardioprotective diabetes drugs: what cardiologists

need to know

Jenifer M. Brown? and Brendan M. Everett®®

In patients with diabetes, where cardiovascular morbidity
is highly prevalent, recent cardiovascular outcomes trials
have identified therapies in the modern glucagon-like
peptide 1 receptor agonist (GLP-1RA) and sodium-
glucose cotransporter 2 inhibitor (SGLT2i) classes that
significantly reduce cardiovascular events. A number of
drugs in both classes have demonstrated reductions

in the risk of the composite outcome of major adverse
cardiovascular events (myocardial infarction, stroke, and
cardiovascular death). In addition, SGLT2i drugs have a
substantial impact on hospitalization for heart failure.
Because GLP-1RA and SGLT2i are effective in reducing
cardiovascular events, independent of their effects on
blood glucose, cardiologists should be familiar with

how to use them. This review outlines the evidence of
cardiovascular benefit for current GLP-1RA and SGLT2i

Introduction

Diabetes is a well established risk factor for a broad spec-
trum of cardiovascular diseases, estimated to account for
12—-15% attributable risk of myocardial infarction (MI) [1]
and stroke [2], as well as nonatherosclerotic cardiovascu-
lar disease, including a substantial risk for clinical heart
failure [3,4] and atrial fibrillation [5,6]. Cardiovascular
disease remains the leading cause of morbidity and mor-
tality in patients with diabetes; approximately 7-10% of
global mortality can be linked to diabetes [7,8].

While epidemiologic studies describe an association
between glycemia and cardiovascular morbidity and mor-
tality in patients with diabetes [9], large trials of glucose
lowering therapies designed to test the effects of tight
glucose control on rates of MI, stroke, or cardiovascu-
lar death either did not show benefit [10,11] or were
stopped early because of evidence of an increased risk
of mortality [12]. These data, as well as the results of a
meta-analysis that suggested an increased risk of MI and
cardiovascular death with rosiglitazone, a thiazolidinedi-
one [13], prompted the FDA to require that all new dia-
betes drugs and biologics exclude excess cardiovascular
risk before approval [upper bound of the 95% confidence
interval (CI) <1.8]. Postapproval, new drugs and biologics
were required meet a more stringent standard to exclude
a 30% increase in risk of atherosclerotic cardiovascular
disease (ASCVD) (upper bound of the 95% CI<1.3) [14].

While these regulatory changes altered the drug develop-
ment pipeline, clinical cardiologists focused on aggressive
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drugs, practical information for prescribing them, and
putative mechanisms, so that these therapies can be
incorporated along with antihypertensives, statins, and
antiplatelet therapies into the routine care of patients.
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lipid and blood pressure reduction, antiplatelet therapies,
smoking cessation, weight loss, and physical activity to
reduce the burden of cardiovascular disease in patients
with diabetes [15,16].

Cardiovascular risk reduction and glucose
reduction

Three major classes of medications for the treatment of
diabetes were approved after the 2008 U.S. Food and
Drug Administration (FDA) guidance and thus had their
cardiovascular impact evaluated in large cardiovascular
outcome trials. The dipeptidyl peptidase-4 inhibitors
(DPP4is) did not show cardiovascular benefit, and though
cardiovascular safety has generally been confirmed, sax-
agliptin showed evidence of an increased risk of hospi-
talization for heart failure [17]. In contrast, a number of
drugs from the glucagon-like peptide 1 receptor agonist
class (GLP-1RA) and sodium-glucose cotransporter 2
inhibitor class (SGLIT'2i) were shown not only to have
acceptable cardiovascular safety profiles in primary anal-
yses but subsequently also to reduce major adverse car-
diovascular events (MACE) independent of their effects
on glycemia. These drugs are leading a paradigm shift in
the care for patients with diabetes, providing cardiolo-
gists and other clinicians with the opportunity not only to
lower blood glucose but in fact to reduce hard cardiovas-
cular outcomes.

We believe that the magnitude of the effects of these
medications on major cardiovascular events means
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that cardiologists need to consider prescribing them
in eligible patients, yet in two recent analyses of first-
time GLP-1RA and SGLT2i prescriptions across a
large tertiary healthcare system, only 4.5% of GLP-
1RA prescriptions and 5.1% of SGLT2i prescriptions
were written by cardiologists [18,19]. Therefore, the
purpose of this review is to provide cardiologists with
a practical guide to the use of novel cardioprotective
diabetes therapies.

Glucagon-like peptide 1 receptor agonist
classes

Mechanism of action

GLP-1 is an incretin peptide hormone released from
the distal ileum and colon after enteral intake. GLP-1
receptor activation then stimulates insulin release, inhib-
its glucagon secretion, slows gastrointestinal transit, and
suppresses appetite [20]. Analogs of human GLP-1 have
been approved for treatment of type 2 diabetes [21].

Members of the GLLP-1RA class that have demonstrated
cardiovascular risk reduction in randomized trials include
subcutancous (SC) liraglutide, semaglutide albiglutide,
once weekly exenatide, dulaglutide, and oral semaglu-
tide [22-27]. Once daily lixisenatide did not demonstrate
a significant reduction in MACE [28]. Prescribing details
are outlined in Table 1a and 1b.

Cardioprotective diabetes drugs Brown and Everett 97

Cardiovascular outcomes trials

In trials initially designed to test first cardiovascular
safety and then efficacy, GLLP-1RAs have demonstrated
noninferiority, and in some cases superiority, compared
with placebo for the typical atherothrombotic outcome
of 3-point MACE, a composite of nonfatal MI, nonfatal
stroke, or cardiovascular death [22-27].

The LEADER trial (Liraglutide Effect and Action
in Diabetes: Evaluation of Cardiovascular Outcome
Results) randomized 9340 patients with type 2 diabetes
to liraglutide SC or placebo and followed for a median
of 3.8years for 3-point MACE [22]. The study popula-
tion included both primary and secondary prevention,
though the large majority had established cardiovascular
disease (72.4% with CVD alone, 15.8% with CVD and
at least stage 3 chronic kidney disease). Treatment with
liraglutide resulted in a significant reduction in MACE
(Table 2) as well as cardiovascular mortality (HR 0.78;
95% CI 0.66-0.93) and overall mortality (HR 0.85; 95%
CI 0.74-0.97).

In the SUSTAIN-6 trial ('Irial to Evaluate Cardiovascular
and Other Long-term Outcomes with Semaglutide in
Subjects with Type 2 Diabetes), 3297 patients with type
2 diabetes were randomized to once weekly semaglu-
tide SC or placebo and were followed for a median of
2.1years. The primary composite outcome was 3-point

Table 1A Doses, dose adjustments, cautions and contraindications for glucagon-like peptide 1 receptor agonists

Drug Initial dose Max dose Dose adjustments
Lixisenatide 10mg SC daily 20mg SC daily eGFR >30: No dose adjustment
eGFR 15-29: No dose adjustment
eGFR<15: Not recommended
Liraglutide 0.6 mg SC daily 1.8mg SC daily None
Semaglutide SC 0.25mg SC weekly 1mg SC weekly None
Weekly Exenatide 2mg SC weekly 2mg SC weekly eGFR >30: No dose adjustment
eGFR<30: Not recommended
Albiglutide 30mg SC weekly 50mg SC weekly None
Dulaglutide 0.75mg SC weekly 1.5 mg SC weekly None
Semaglutide PO* 3mg PO daily 14 mg PO daily eGFR <30 excluded from PIONEER 6*

Contraindications to the use of GLP-1RA include personal or family history of medullary thyroid cancer or MEN2. Cautions include pancreatitis and proliferative retinop-

athy (semaglutide only).

Abbreviations: eGFR, estimated glomerular filtration rate (mL/min/1.73m?); GLP-1RA, glucagon-like peptide 1 receptor agonist; PO, by mouth; SC, by subcutaneous

injection.

®FDA approval and dose adjustment recommendations for oral semaglutide are pending.

Table 1B Doses, dose adjustments, cautions and contraindications for sodium-glucose cotransporter 2 inhibitors

Drug Initial dose Max dose Dose adjustments
Empagliflozin 10mg PO daily 25mg PO daily eGFR > 45: No dose adjustment

eGFR <45: Do not initiate; discontinue if eGFR persistently < 45
Canagliflozin 100mg PO daily 300mg PO daily* eGFR >60: No dose adjustment required.

Dapagliflozin 5mg PO daily 10mg PO daily

eGFR 45-59: Max dose 100 mg/day.

eGFR <45: Do not initiate; discontinue if eGFR persistently below 45
eGFR > 45: No dose adjustment

eGFR <45: Do not initiate; discontinue if eGFR persistently below 45

Contraindications to the use of SGLT2i include eGFR<30 mL/min/1.73m? or endstage renal disease. Not for the treatment of type 1 diabetes. Cautions include recurrent
genital infections, history of diabetic ketoacidosis, peripheral artery disease or prior amputations (canagliflozin), and osteoporosis or fractures (canagliflozin).
Abbreviations: eGFR, estimated glomerular filtration rate (mL/min/1.73m?); GLP-1RA, glucagon-like peptide 1 receptor agonist; PO, by mouth.

%n patients with eGFR > 60 mL/min/1.73m>
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coronary syndrome. Six thousand sixty-eight patients
with type 2 diabetes and an MI or hospitalization for
unstable angina in the previous 180days were rand-
omized to lixisenatide or placebo with a primary outcome
of nonfatal MI, nonfatal stroke, cardiovascular death, or
urgent revascularization (4-point MACE). The primary
outcome showed noninferiority but not superiority of lix-
isenatide compared with placebo (Table 2) [28].

Prior to the publication of the above Harmony Outcomes,
REWIND, and PIONEER 6 trials, a meta-analysis of
cardiovascular outcomes trials of GLLP-1RAs examined
the overall effects of this drug class. In this meta-analy-
sis, which included 33,457 participants, GLP-1RA treat-
ment significantly reduced 3-point MACE (10% RRR,
HR 0.90, 0.82-0.99, P=0.033), cardiovascular mortality
(13% RRR, HR 0.87, 0.79-0.96, P=0.007), and all-cause
mortality (12% RRR, HR 0.88, 0.81-0.95, P=0.002) when
compared with placebo, without any evidence of hetero-
geneity across trials [29].

Practical considerations

Currently approved GLP-1RAs are self-administered by
SC injection, although oral formulations are being stud-
ied in ongoing trials [27,30]. Starting and target doses of
approved GLP-1RAs are outlined in Table 1a and 1b.
Prior to GLLP-1RA initiation, baseline antiglycemic drug
therapy should be examined for the presence of a DPP4i,
which should be discontinued, or for background sulfon-
ylurea or basal insulin, which should be reduced by 50 or
20%, respectively, in patients at elevated risk of hypogly-
cemia. To improve tolerability, especially of gastrointesti-
nal side effects, slow up-titration from the lowest dose is
recommended [31].

Adverse effects

Previous glucose-lowering trials of GLLP-1RAs have iden-
tified common adverse effects, such as nausea, vomiting,
and diarrhea, as well as rare serious events including
pancreatitis and pancreatic cancer. The cardiovascular
outcomes trials described above similarly identified gas-
trointestinal side effects associated with GLLP-1RA treat-
ment, but there was no significant difference detected
in the rates of acute pancreatitis or pancreatic cancer in
LEADER, SUSTAIN-6, Harmony Outcomes, EXSCEL,
REWIND, or PIONEER 6 trials [22-27].

In addition, animal studies have suggested an increased risk
of medullary thyroid cancers in rodent models [32]. For this
reason, patients with a personal or family history of medul-
lary thyroid cancer or multiple endocrine neoplasia type 2
were excluded from the LEADER, SUSTAIN-6, Harmony
Outcomes, EXSCEL, REWIND, and PIONEER 6 trials.
In these trials, GLP-1RA therapy did not increase the risk
of medullary thyroid cancer [22-27].

Hypoglycemia, which has been associated with an
increased risk of adverse cardiovascular events [11,12],
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can occur with GLP-1RAs when used in combination
with insulin or sulfonylureas. However, in many of the
cardiovascular outcomes trials, patients randomized to
GLP-1RA had a numerically lower rate of hypoglycemic
episodes [22,24]. In LEADER, patients treated with lira-
glutide were less likely to have the addition of insulin
and thus had lower rates of severe hypoglycemia [22].
Patients treated with semaglutide in SUSTAIN-6 did
experience higher rates of diabetic retinopathy (HR 1.76;
95% CI 1.11-2.78), perhaps due to marked and rapid
reductions in glucose. This has not been observed in
other GLP-1RA trials.

Putative mechanisms of cardiovascular benefit
GLP-1RA therapy appears to significantly reduce athero-
thrombotic cardiovascular events. Hypothesized mech-
anisms of cardiovascular benefits of GLP-1RAs include
both their impact on cardiovascular risk factors, such as
blood pressure, as well as direct effects via atherogenesis,
inflammatory pathways, and endothelial function [33]. In
fact, the primary cardiovascular benefits of GLLP-1RAs
appear to be largely independent of established athero-
sclerotic risk factors [29].

GLP-1RA treatment has demonstrated a consistent
reduction in weight and blood pressure [34]. In the
above cardiovascular outcomes trials, GLP-1RA treat-
ment resulted in a small but significant impact on
weight loss, ranging from 0.7 kg with lixisenatide to as
much as 4.3 kg with semaglutide SC. Similarly, systolic
blood pressure was reduced across the board, ranging
from 1mmHg with abiglutide to 3mmHg with oral
semaglutide [22-28].

In addition to relatively modest but favorable effects
on classical cardiovascular risk factors, GLLP-1 receptor
expression has been identified in cardiovascular tissues,
and GLP-1 peptides have been linked to reduction
in reactive oxygen species in endothelial cells and car-
diomyocytes [33]. Infusion of GLP-1 and GLP-1RA in
human subjects has resulted in improvements in left
ventricular function, hemodynamics, and reduction in
ischemic injury [33].

Sodium-glucose cotransporter 2 inhibitors
Mechanism of action

The sodium-glucose cotransporter 2 is responsible for
proximal renal tubular reabsorption of glucose. Inhibition
of SGLI'2 prevents glucose resorption, promoting excre-
tion in the urine and thereby reducing circulating blood
glucose levels, with a greater effect the higher the plasma
glucose concentration and relative protection against
hypoglycemia [35].

Members of the SGLIT'2i class that have demonstrated
cardiovascular risk reduction in randomized trials include
empagliflozin and canagliflozin, both of which reduced
3-point MACE, and dapagliflozin, which was noninferior
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for MACE and significantly reduced a composite of car-
diovascular death or heart failure hospitalization [36-38].
Prescribing details are outlined in Table 1a and 1b.

Cardiovascular outcomes trials

The first cardiovascular outcomes trial to test an SGLI1'21
was the EMPA-REG OUTCOME trial (Empagliflozin
Cardiovascular Outcome Event Trial in Type 2 Diabetes
Mellitus Patients). Seven thousand twenty patients
with type 2 diabetes and established cardiovascular dis-
case were randomized to empagliflozin or placebo [36].
Treatment with empagliflozin was superior to placebo,
resulting in a 14% reduction in 3-point MACE (Table 1a
and 1b), driven by a 38% reduction in the risk of cardio-
vascular death (3.7 vs 5.9%; HR 0.62, 95% CI 0.49-0.77).
The rates of heart failure were reduced by 35% in patients
randomized to active empagliflozin (HR 0.65, 95% CI
0.50-0.85) [36], as were related endpoints including hos-
pitalization or death from heart failure and investigator
reported heart failure [39]. These observations have been
replicated in other SGLIT 21 trials [37,38].

While 10.1% of study population had heart failure at
baseline, effects of empagliflozin on heart failure out-
comes were consistent across patients with and without
baseline heart failure. Similarly, baseline heart failure
medication use did not modify the impact of empagli-
flozin on outcomes [39].

In the CANVAS Program (CANVAS: Canagliflozin
Cardiovascular Assessment Study and CANVAS-R: A
Study of the Effects of Canagliflozin on Renal Endpoints
in Adult Participants With Type 2 Diabetes Mellitus),
a total of 10,142 participants with type 2 diabetes were
randomized to canagliflozin or placebo and followed for
3-point MACE for a median of 3.6 years [37]. The study
population included both patients with a history of ather-
osclerotic vascular disease (72.2%) and those at elevated
risk (27.8%), and 17.5% of participants had chronic kid-
ney disease at baseline [37].

Compared with placebo, significantly fewer participants on
canagliflozin reached the primary outcome of cardiovascu-
lar death, nonfatal MI, or nonfatal stroke ('Table 1a and 1b).
There was also a significant reduction in the risk for hospi-
talization for heart failure (HR 0.67; 95% CI 0.52-0.87).

In the DECLARE-TIMI 58 (Dapaglifiozin Effect on
Cardiovascular Events—Thrombolysis in  Myocardial
Infarction 58) 'Irial, 17,160 patients with type 2 diabetes
were randomized to dapagliflozin or placebo and were
assessed for primary efficacy outcomes of 3-point MACE
and a composite of cardiovascular death or heart failure
hospitalization at a median follow-up of 4.2years [38].
T'he study population included patients with established,
clinically evident atherosclerotic vascular disease (40.6%)
and those at elevated risk (59.4%). At baseline, 10% of
enrolled patients had a history of heart failure [38].

Dapagliflozin met noninferiority for 3-point MACE
(Table 1a and 1b) and reduced the primary efficacy com-
posite endpoint, yielding a 17% decrease in the rate of
cardiovascular death or heart failure hospitalization (4.9
vs 5.8%; P=0.005) driven by a reduction in heart failure
hospitalization (HR 0.73, 0.61-0.88) [38]. This benefit
for heart failure hospitalization was observed in patients
both with (7.8 vs 9.3%, HR 0.83, 0.71-0.98) and without
established atherosclerotic cardiovascular disease (2.8 vs
3.4%, HR 0.84, 0.67-1.04; P=0.99 for interaction).

Practical considerations

SGLT?Zis are oral daily medications that can be initiated
with limited monitoring. Doses of the individual agents
described above are outlined in Table 1a and 1b. In
patients with well controlled HbAlc or a history of fre-
quent hypoglycemia, recommended medication adjust-
ments include a 50% reduction in sulfonylurea dose
and a 20% reduction in basal insulin dose at the time of
SGLT2i initiation [31]. If the patient is taking a DPP4i,
the prescribing physician may decide to discontinue that
medication first before starting the SGLT21.

Because the mechanism of SGLIT'2i may induce some
osmotic diuresis via glucosuria, consideration should be
given to reduce doses of thiazide or loop diuretics at the
time of SGLIT'2i initiation to avoid excessive diuresis and
volume depletion [31].

Adverse effects

Due to their effect of increased urinary glucose excre-
tion, SGLUT'2is are known to increase the risk of geni-
tal mycotic infections. In the EMPA-REG trial, genital
infections and urosepsis were rare but more frequently
reported in the empagliflozin group [36]. Similarly, in
DECLARE-TIMI 58, treatment with dapagliflozin was
associated with an increased risk of diabetic ketoacidosis
(0.3 vs 0.1%, P=0.02) and of genital infections leading to
drug discontinuation (0.9 vs 0.1%, P<0.001) [38].

Unique to CANVAS, canagliflozin was associated with
an increased risk of amputation (HR 1.97; 95% CI 1.41—
2.75), a safety signal not found in other SGLIT2i trials to
date and the basis of an FDA black box warning [37,40].
Similarly, fractures were more common with canagliflozin
in the CANVAS trial; whereas, there was no increase in
the rate of fracture with empagliflozin or dapagliflozin
[36,38]. However, the CREDENCE trial, a recently pub-
lished trial of canagliflozin in 4,401 patients with type
2 diabetes and chronic kidney disease did not show an
increased risk of amputation or fractures [41].

Putative mechanisms of cardiovascular benefit

In contrast to GLP-1RAs, where the clinical benefits
appear to be driven predominantly by a reduction in
atherothrombotic endpoints, drugs in the SGLT2i class
have demonstrated a prominent impact on heart failure
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in study populations where the majority of patients did
not carry a heart failure diagnosis at baseline.

Several possible mechanisms underlying the benefits
of SGLIT2is on heart failure have been hypothesized,
including direct effect on circulating volume through
osmotic diuresis, reduction in typical risk factors includ-
ing body weight and systolic blood pressure, and via pro-
posed impacts on cardiovascular metabolism. Data from
the EMPA-REG trial suggest that markers of plasma
volume, specifically hematocrit and hemoglobin, not
markers of glycemia, are the most important factors in
determining the benefit of empagliflozin [42].

In DECLARE-TIMI 58, dapagliflozin mitigated mul-
tiple cardiovascular risk factors in addition to HbAlc,
including incremental lowering of weight (1.8 kg), systolic
blood pressure (3mmHg), and diastolic blood pressure
(<1 mmHg) [38], findings similar to those demonstrated
with empagliflozin and canagliflozin [36,37].

Beyond inducing diuresis and generating modest reduc-
tions in weight and blood pressure, several direct mech-
anisms have been proposed for the reduction in risk of
heart failure [43]. SGLT'2is may alter myocardial metabo-
lism and improve myocardial efficiency [44].

Special circumstances

Primary vs secondary atherosclerotic cardiovascular
disease prevention

The majority of patients included in the existing car-
diovascular outcomes trials of GLP-1RA and SGLT2i
therapies had existing ASCVD at baseline, so data
for patients without established ASCVD, or ‘pri-
mary prevention’, are scarce (Table 2). Absolute car-
diovascular event rates in that population are lower,
further limiting the ability to estimate the effects of
GLP-1RAs and SGLT2is in patients without ASCVD.
However, a recent meta-analysis that included data
from the LEADER, SUSTAIN-6, Harmony Outcomes,
EXSCEL, and ELIXA trials, suggested evidence of
treatment heterogeneity. GLP-1RA treatment reduced
MACE by 13% (HR 0.87,95% CI 0.82-0.92) in patients
with established ASCVD, whereas there was no ben-
efit observed in patients without ASCVD at baseline
(HR 1.03, 95% CI 0.87-1.23; P-interaction=10.028)
[45]. Similarly, in a meta-analysis that included data
from the EMPA-REG, CANVAS, CANVAS-R, and
DECLARE-TIMI 58 trials, SGLLT2i reduced MACE
by 14% in patients with baseline ASCVD (HR 0.86,
95% CI 0.80-0.93), but no benefit was observed in
patients without ASCVD at baseline (HR 1.00, 95% CI
0.87-1.16; P-interaction=0.0501) [46].

By contrast, SGL'T'2i reduced the risk of cardiovascular
death or heart failure hospitalization by 23% (0.77, 95%
CI 0.71-0.84), a benefit that was consistent regardless
of the presence or absence of ASCVD or heart failure at
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baseline [46]. GLP-1RA treatment did not reduce the
risk of heart failure hospitalization [45].

Chronic kidney disease

Chronic kidney disease (CKD) is a common complication
of diabetes and a prevalent comorbidity in the cardiology
clinic. Patients with CKD have elevated rates of MACE,
including MI, stroke, heart failure, and cardiovascular
death [47]. Patients with significant renal insufficiency,
defined as an estimated glomerular filtration rate (¢GFR)
less than 30 mL/min/1.73m? of body surface area, were
excluded from all of the above SGLIT2i cardiovascular
outcomes trials, with a more stringent cutoff of eGFR
greater than 60 in the DECLARE-TIMI 58 Trial. By
contrast, patients with eGFR less than 30 mg/min/1.73 m*
were eligible for LEADER, SUSTAIN-6, REWIND,
and PIONEER 6 [22,23,26,27]. Although a minority of
patients enrolled had a reduced eGFR, liraglutide was at
least as effective, if not more so, among those with base-
line renal dysfunction [22]. Similar observations have
been seen with the SGLT2i efficacy for MACE [46].

Beyond their effects on cardiovascular endpoints, GLP-
1RA and SGLT'2i therapies have been implicated in renal
protection. All three major SGLII'2i cardiovascular out-
comes trials have demonstrated significant reductions in
hard renal endpoints. In a meta-analysis, treatment with
SGLT2i reduced a composite of reduction in renal func-
tion, progression to end-stage kidney disease, or renal
death by 45% (HR 0.55, 95% CI 0.48-0.64) [46].

The recently published CREDENCE trial randomized
patients with type 2 diabetes and albuminuric CKD on
background renin—angiotensin system blockade to canag-
liflozin or placebo. The trial was stopped early for efficacy
of canagliflozin, with a 30% lower risk of the composite
primary outcome of end-stage kidney disease, doubling
of serum creatinine, or death from renal or cardiovascu-
lar cause [41]. Similarly, the risk of end-stage kidney dis-
case, defined as dialysis, transplantation, or a sustained
eGFR<15, was reduced by 32%. This trial also recapitu-
lated results from the CANVAS Program, demonstrating
a 20% reduction in 3-point MACE and a 39% reduction
in heart failure hospitalization [41].

GLP-1RAs have also demonstrated renal protection,
though primarily via a reduction in intermediate end-
points such as albuminuria. In a prespecified second-
ary analysis of the LEADER trial, fewer participants in
the liraglutide group met a composite outcome of new
onset macroalbuminuria, persistent doubling of serum
creatinine, end-stage renal disease, or renal death (HR
0.78; 95% CI 0.67-0.92), driven by new onset persistent
macroalbuminuria (HR 0.74; 95% CI 0.60-0.91) [48].
SUSTAIN-6 yielded similar findings [23].

Dose adjustments and contraindications based on eGFR
are outlined in Table 1.
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Use in combination

At this time, there are no trials examining the impact of
combination therapy with both a GLLP-1RA and an SGL1'2i
on cardiovascular outcomes. The DURATION-8 trial
randomized 695 patients to exenatide plus dapaglifiozin,
exenatide plus placebo, or placebo plus dapagliflozin for
28 weeks [49]. Combination therapy with exenatide and
dapagliflozin was superior to either alone for the primary
endpoint of change in HbAlc as well as several second-
ary endpoints including weight loss and reduction in sys-
tolic blood pressure, with no significant increase in adverse
events with combination therapy [49]. These findings sug-
gest that GLP-1RA and SGLT'2i therapy may have comple-
mentary action not only in glycemic control but potentially
in pathways that yield cardiovascular benefit. Combination
therapy is endorsed in the current American and European
recommendations for approach to glucose management in
type 2 diabetes [50].

Use without background metformin therapy

The benefits of empagliflozin and liraglutide were not
modified by baseline medication use, although there was
a high rate of background metformin therapy in both
trials [22,36]. The American Diabetes Association and
European Association for the Study of Diabetes consen-
sus recommendations identify metformin as first-line
therapy, after which the addition of cardioprotective ther-
apy with a GLP-1RA or SGLT2i can be considered [50].
However, the cardiovascular benefits of GLP-1RA and
SGLT2i therapy may be independent of baseline antihy-
perglycemic medication use.

Use in patients with type | diabetes mellitus

Although these therapies can be used in combination
with insulin, neither the GLLP-1RA nor SGLT2i classes
have been approved for use in patients with Type I
diabetes.

Use in patients without diabetes mellitus

Given the notable reductions in heart failure-related out-
comes, there is growing interest in the use of SGLIT2is
in heart failure patients without diabetes, especially as
many proposed mechanisms of benefit do not rely on
antihyperglycemic effects. To date, SGLII2is are not
yet approved for patients without diabetes. However,
there are several ongoing trials to evaluate the bene-
fits of SGLIT'2i drugs in nondiabetic patients with heart
failure. These include EMPEROR-PRESERVED and
EMPEROR-REDUCED, which evaluate the impact
of empagliflozin on a composite of cardiovascular death
or heart failure hospitalization in patients with heart
failure with a preserved and reduced ejection fraction,
respectively, without a requirement for type 2 diabetes
(NCT03057951, NCT03057977); and the DAPA-HF
trial, which investigates the impact of dapagliflozin on

a composite primary outcome of cardiovascular death,
heart failure hospitalization, or urgent heart failure visit
in patients with reduced ejection fraction, with or with-
out type 2 diabetes (NC'T03036124).

Future directions

Ongoing trials

There are multiple ongoing or recently completed trials
in these cardioprotective drug classes. In the GLP-1RA
class, these include the SELECT trial, which will test
the effects of semaglutide on CV outcomes in overweight
and obese patients without diabetes (NC'T03574597).
Multiple SLLGT21 trials are also underway, including the
VERTIS-CV trial evaluating ertugliflozin in adults with
type 2 diabetes and established cardiovascular disease
[51]; the SCORED trial evaluating sotagliflozin, a dual
SGLT1 and SGLT?2 inhibitor, in patients with type 2
diabetes, cardiovascular risk factors, and moderate renal
impairment (NCT03315143); and SOLOIST-WHE,
which examines sotagliflozin in patients with type 2 dia-
betes with ejection fraction less than 50% after a heart
failure hospitalization (NCT03521934).

Drugs under investigation

There are several drugs under investigation that may
further expand the scope of cardioprotective drugs,
including recent interest in ‘dual incretin’ therapies of
both GLP-1 and glucose-dependent insulinotropic (GIP)
hormone. A recently published human phase 2 trial ran-
domized 108 adults with type 2 diabetes to a combined
GIP/GLP-1 receptor agonist, open label liraglutide, or
placebo for 12 weeks. The dual agonist resulted in signif-
icantly better glycemia, more weight loss, and lower total
cholesterol [52]. A second phase 2 trial randomized 555
participants with type 2 diabetes to a dual GIP/GLP-1
receptor agonist, dulaglutide, or placebo for 26 weeks.
The dual agonist resulted in significantly greater glyce-
mic control and weight loss than dulaglutide [53]. These
novel diabetic therapies, which build on existing GL.P-
1RA therapy, may also have promise for cardioprotection,
though this has yet to be studied.

Conclusion

Approved drugs in the GLP-1RA and SGLT2i classes
have demonstrated consistent and significant benefits
in reducing adverse cardiovascular outcomes — includ-
ing MI, stroke, heart failure, and cardiovascular death.
Figure 1 outlines a simple clinical algorithm, so that these
agents may be more frequently incorporated into usual
cardiovascular practice for the benefit of patients. As car-
diologists have long focused on attentive management
of lipids, blood pressure, antiplatelets, smoking, weight,
and physical activity, they now have additional tools to
incorporate into the comprehensive care of patients with
diabetes at high cardiovascular risk.
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reduction
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priorities.
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Patient wishes to start|SLGT2 inhibitor or GLP-1RA

\4
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Priorities: Heart Failure, Renal Protection

Priorities: Atherothrombotic Outcomes, Weight loss

l

|

Start SGLT2 inhibitor: Empagliflozin, Canagliflozin,

Dapagliflozin Albiglutide, Exenatide weekly, Dulaglutide

* For dosing & contraindications, see Table 1. * For dosing & contraindications, see Table 1.

* No uptitration required. * Uptitrate slowly to avoid nausea.

* If PAD, may prefer to avoid canagliflozin. * If retinopathy, may prefer to avoid semaglutide.
* Recommended adjustments: reduce * Recommended adjustments: reduce

sulfonylurea by 50%, reduce basal insulin by
20%, reduce or discontinue diuretics.

Start GLP-1RA: Liraglutide, Semaglutide,

sulfonylurea by 50%, reduce basal insulin by
20%, discontinue DPP-4 inhibitor.

Proposed Clinical Algorithm. American College of Cardiology Expert Clinical Decision Pathway suggested algorithm for the initiation and use

of SGLT2i or GLP1RA agents in patients with type 2 diabetes and established ASCVD. There is no agreed upon method for determining high
ASCVD risk in the absence of established ASCVD for eligibility for these therapies. tEfficacy has been clearly demonstrated for patients with
established ASCVD. However, high-risk primary prevention patients were eligible in the described GLP-1RA and SGLT2i trials if older than 50-60
years of age with multiple typical risk factors including tobacco use, hypertension, and dyslipidemia [26,37,38]. This is one approach to identify
patients without established ASCVD for whom these therapies can be considered, although the use of GLP-1RA and SGLT2i therapies can
ultimately be left to the discretion of the treating cardiovascular specialist. Adapted with permission [31]. Abbreviations: ASCVD, atherosclerotic
cardiovascular disease; DPP4, dipeptidyl peptidase-4; ESRD, end-stage renal disease; GLP-1RA, glucagon-like peptide-1 receptor agonist; PAD,
peripheral artery disease; SGLT2 inhibitor, sodium-glucose cotransporter-2 inhibitor.
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