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The prevalence of type 2 diabetes mellitus (T2DM), which is associated with cardiovascular morbidity and mortality, is increasing
worldwide. Although there have been advances in diabetes treatments that reduce microvascular complications (nephropathy, neu-
ropathy, retinopathy), many clinical studies have found that conventional oral hypoglycemic agents and glucose control alone failed
to reduce cardiovascular disease. Thus, incretin-based therapies including glucagon-like peptide 1 (GLP-1) receptor agonists (RAs)
and sodium-glucose cotransporter 2 inhibitors (SGLT-2Is) represent a new area of research, and may serve as novel therapeutics for
treating hyperglycemia and modifying other cardiovascular risk factors. Recently, it has been confirmed that several drugs in these
classes, including canagliflozin, empagliflozin, semaglutide, and liraglutide, are safe and possess cardioprotective effects. We review
the most recent cardiovascular outcome trials on GLP-1RAs and SGLT-2Is, and discuss their implications for treating patients with
T2DM in terms of protective effects against cardiovascular disease.
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INTRODUCTION

The prevalence of type 2 diabetes mellitus (T2DM) is increas-
ing globally [1]. Although the prognosis of patients with T2DM
has improved, the associated cardiovascular mortality and mor-
bidity pose a considerable challenge for healthcare systems [2].
The risk of cardiovascular disease (CVD) is two to four times
higher in patients with diabetes than in their non-diabetic coun-
terparts [3]. In addition to glucose control, preventing CVD in
these patients is essential [4].

Although intensive glucose control has been shown to reduce

microvascular complications [5], controversy remains as to
whether it reduces macrovascular complications [6,7]. The neg-
ative effects of glucose-lowering agents in patients with an in-
creased risk of heart failure (HF) became evident after rosigli-
tazone, a thiazolidinedione, was withdrawn from the European
Union market due to evidence of increased risk of CVD, includ-
ing myocardial infarction (MI) [8]. In response, the U.S. Food
and Drug Administration and the European Medicines Agency
began requiring hypoglycemic therapies to demonstrate an ac-
ceptable cardiovascular risk profile [9].

Recently, several drug classes have demonstrated a significant
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reduction in major adverse cardiovascular events (MACE),
death, and hospitalizations for HF (HHF) [10-14]. These in-
clude incretin-based therapies, such as glucagon-like peptide 1
(GLP-1) receptor agonists (RAs) and sodium-glucose cotrans-
porter 2 inhibitors (SGLT-2Is). Based on these findings, the re-
cently published guidelines of the American Diabetes Associa-
tion (ADA) and the European Association for the Study of Dia-
betes (EASD) recommend either SGLT-2Is or GLP-1RAs in pa-
tients with T2DM who cannot achieve their target level of gly-
cemic control with metformin [15].

We review the most recent cardiovascular outcome trials
(CVOTs) of GLP-1 receptor agonists (RAs) and SGLT-2Is, and
discuss their implications for treating patients with T2DM in
terms of cardioprotective effects.

CARDIOVASCULAR EVENTS IN PATIENTS
WITH T2DM

Atherosclerosis: epidemiology and pathogenesis
Atherosclerosis is one of the most frequently fatal complica-
tions in patients with T2DM [2]. The prevalence of coronary ar-
tery disease (10.3%) and stroke (6.7%) in Korea is more than
twice as high in patients with T2DM than in the general popula-
tion [16], and mortality in patients with CVD is more than three
times higher [17]. In patients with T2DM, chronic hyperglyce-
mia, elevated levels of low density lipoprotein cholesterol and
triglycerides, and an increased inflammatory response are asso-
ciated with atherosclerosis [18]. In addition, patients with diabe-
tes may have other CVD risk factors, such as hypertension, dys-
lipidemia, obesity, physical inactivity, chronic kidney disease
(CKD), and smoking. Previous studies have suggested that con-
comitant control of other CVD risk factors is important for glu-
cose control, as well as for reducing CVD events and death
[19,20]. Although strict glycemic control is associated with a re-
duced incidence of microvascular complications, the impact of
glucose control on macrovascular complications is less well un-
derstood [21]. Newer drugs have advantages with respect to ad-
dressing CVD risk factors, and thus could decrease the rate of
CVD events.

Heart failure: epidemiology and pathogenesis

Derangement of cardiac glucose metabolism in patients with di-
abetes is associated with structural and functional abnormalities
of the heart, which result in HF; thus, the risk of HF is increased
two- to five-fold in patients with diabetes compared to those
without diabetes [22]. Among Korean patients with HF, 49.1%
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had diabetes [23]. However, there is a general lack of data re-
garding the prevalence of HF in patients with diabetes in Korea.

The precise mechanism by which hyperglycemia impairs car-
diac contraction is still unknown. However, increases in free
fatty acid oxidation, oxidative stress, and mitochondrial dys-
function, as well as impaired glucose utilization in cardiac myo-
cytes, seem to be associated with poor systolic and diastolic
contractile capacity, even in patients without atherosclerotic
coronary artery disease [24,25]. In addition, impaired microvas-
cular endothelial function, increased myocardial fibrosis, activa-
tion of the renin-angiotensin system, and sympathetic overactiv-
ity also contribute to HF [24]. Although it has been suggested
that hyperglycemia is a critical trigger of HF, not all hypoglyce-
mic agents have a protective effect against HF, due to hyperin-
sulinemia, water retention, and decreased utilization of glucose
by cardiac myocytes. Certain hypoglycemic agents are associat-
ed with an increased risk of HF, such as rosiglitazone, a thiazoli-
dinedione [26]. Excessive glucose lowering was correlated with
HF in the United Kingdom Prospective Diabetes Study [27],
and a meta-analysis of 13 studies (n=34,533) revealed that that
intensive glucose control resulted in a 47% increased risk of HF
(P<0.001) [28]. Therefore, for effective management of hyper-
glycemia in patients with an increased risk of HF, clinical data
informing the choice of hypoglycemic agents and target blood
glucose levels are required.

RECENTLY PUBLISHED CVOTs OF
HYPOGLYCEMIC AGENTS

Major adverse cardiovascular events

Several CVOTs have recently been completed, most of which
included similar primary outcome components: cardiovascular
death, non-fatal MI, and non-fatal stroke. We summarize the
published studies in Tables 1, 2.

SGLT-2Is have been studied in three large placebo-controlled
CVOTs in patients with T2DM. In the 2015 Empagliflozin Car-
diovascular Outcome Event Trial in Type 2 Diabetes Mellitus
Patients—Removing Excess Glucose (EMPA-REG) OUTCOME
trial [29], there was a significant reduction in the primary out-
come (MACE) for those receiving empagliflozin versus placebo
(hazard ratio [HR], 0.86; 95% confidence interval [CI], 0.74 to
0.99; P=0.04). A subsequent study of canagliflozin also showed
reduced cardiovascular events in comparison to placebo (HR,
0.86; 95% CI, 0.75 to 0.97; P=0.02) in the Canagliflozin Car-
diovascular Assessment Study (CANVAS) program [13]. How-
ever, the largest trial on dapagliflozin, which enrolled 17,160
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Table 1. Overview of Recently Published Data on New Antidiabetic Drugs

Drug class Study name Year Age, yr Underlying disease Number  Follow-up, yr
SGLT2 inhibitors ~ EMPA-REG (empagliflozin) 2015 =18  Established CVD 7,020 3.1
CANVAS-program (canagliflozin) 2017 =40 Pre-existing CVD or high CV risk 10,142 1.5
DECLARE-TIMI 53 (dapagliflozin) ~ 2018 =40  High CVrisk 17,160 42
GLP-1RA ELIXA (lixisenatide) 2015 =30  Patients with ACS before 180 days 6,068 2.1
LEADER (liraglutide) 2016 =50  Established CVD or =60 years with 9,340 3.8
=1 CV risk factor
SUSTAIN-6 (semaglutide) 2016 =50 Established CVD or =60 years with 3,299 1.9
=1 CV risk factor
EXSCEL (exenatide) 2017 =18  Pre-CVD (73%) 14,752 32
HARMONY (albiglutide) 2018 =40  Pre-CVD 9,643 1.6

SGLT2, sodium-glucose cotransporter 2; EMPA-REG, Empagliflozin Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients—Re-
moving Excess Glucose; CVD, cardiovascular disease; CANVAS, Canagliflozin Cardiovascular Assessment Study; CV, cardiovascular; DECLARE-
TIMI 53, Dapagliflozin Effect on Cardiovascular Events—Thrombolysis in Myocardial Infarction 53; GLP-1RA, glucagon-like peptide 1 receptor ago-
nist; ELIXA, Evaluation of Lixisenatide in Acute Coronary Syndrome; ACS, acute coronary syndrome; LEADER, Liraglutide Effect and Action in Dia-
betes: Evaluation of Cardiovascular Outcome Results; SUSTAIN-6, Semaglutide in Subjects with Type 2 Diabetes; EXSCEL, Exenatide Study of Car-
diovascular Event Lowering; HARMONY, Albiglutide and Cardiovascular Outcomes in Patients with Type 2 Diabetes and Cardiovascular Disease.

Table 2. Primary Endpoint (Major Adverse Cardiovascular Events) of Completed Trials

Drug class Study name Drug HR 95% CI Result
SGLT?2 inhibitor EMPA-REG Empagliflozin 0.86 0.74-0.99 Positive
CANVAS-program Canagliflozin 0.86 0.75-0.97 Positive
DECLARE-TIMI 53 Dapagliflozin 0.93 0.84-1.03 Neutral
GLP-1RA ELIXA Lixisenatide 1.02 0.89-1.17 Neutral
LEADER Liraglutide 0.87 0.78-0.97 Positive
SUSTAIN-6 Semaglutide 0.74 0.58-0.95 Positive
EXSCEL Exenatide 0.91 0.83-1.00 Neutral
HARMONY Albiglutide 0.78 0.68-0.90 Positive

HR, hazard ratio; CI, confidence interval, SGLT2, sodium-glucose cotransporter 2; EMPA-REG, Empagliflozin Cardiovascular Outcome Event Trial in
Type 2 Diabetes Mellitus Patients—Removing Excess Glucose; CANVAS, Canagliflozin Cardiovascular Assessment Study; DECLARE-TIMI 53, Dapa-
gliflozin Effect on Cardiovascular Events—Thrombolysis in Myocardial Infarction 53; GLP-1RA, glucagon-like peptide 1 receptor agonist; ELIXA,
Evaluation of Lixisenatide in Acute Coronary Syndrome; LEADER, Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome
Results; SUSTAIN-6, Semaglutide in Subjects with Type 2 Diabetes; EXSCEL, Exenatide Study of Cardiovascular Event Lowering; HARMONY, Albi-

glutide and Cardiovascular Outcomes in Patients with Type 2 Diabetes and Cardiovascular Disease.

patients, showed no significant changes in MACE rates [11].
However, direct comparison of MACE rates among CVOTs is
challenging due to differences in the study populations. Al-
though most of the patients in the EMPA-REG OUTCOME trial
had established CVD, as did 72% of the population in the CAN-
VAS program, the Dapagliflozin Effect on Cardiovascular
Events—Thrombolysis in Myocardial Infarction (DECLARE-
TIMI) 58 trial included more than 10,000 patients (59.4%) and
reported no obvious atherosclerotic cardiovascular events. A
meta-analysis of CVOTs, including these three studies, showed
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that SGLT-2Is reduced MACE by 11% (HR, 0.89; 95% CI, 0.83
to 0.96; P=0.0014) [30].

There have been three studies on GLP-1RAs. In the Liraglu-
tide Effect and Action in Diabetes: Evaluation of Cardiovascu-
lar Outcome Results (LEADER) trial, liraglutide reduced
MACE by 13% (HR, 0.87; 95% CI, 0.78 to 0.97; P=0.01),
which was mainly driven by cardiovascular deaths. Semaglutide
also significantly decreased MACE (HR, 0.74; 95% CI, 0.58 to
0.95; P<0.001); however, the decrease was driven by a reduc-
tion in non-fatal strokes, in contrast to the pattern observed for
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Table 3. CVOT Results According to Respective Outcomes

Cardiovascular death

Nonfatal MI

Nonfatal stroke Hospitalization for HF

Study name (drug)

EXSCEL (exenatide) 0.88 (0.76-1.02)
HARMONY (albiglutide) 0.93 (0.73-1.19)

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
EMPA-REG 0.62(0.49-0.77) <0.01 0.87(0.70-1.09)  0.23 1.24(0.92-1.67)  0.16 0.65(0.50-0.84) <0.01
(empagliflozin)
CANVAS-program 0.87 (0.72-1.06) 0.85 (0.69-1.05) 0.90 (0.71-1.15) 0.67 (0.52-0.87)
(canagliflozin)
DECLARE-TIMI 53 0.98 (0.82-1.17) 0.89 (0.77-1.01) 1.01 (0.84-1.21) 0.73 (0.61-0.88)
(dapagliflozin)
ELIXA (lixisenatide) 0.98 (0.78-1.22) 0.85 1.03 (0.87-1.22)  0.71 1.12(0.79-1.58)  0.54 0.96 (0.75-1.23) 0.75
LEADER (liraglutide) 0.78 (0.66-0.93) <0.01 0.88(0.75-1.03)  0.11 0.89(0.72-1.11) ~ 0.30 0.87(0.73-1.05) 0.14
SUSTAIN-6 (semaglutide) 0.98 (0.65—1.48) 0.92 0.74 (0.51-1.08)  0.12 0.61(0.38-0.99)  0.04 1.11 (0.77-1.61) 0.57

0.97 (0.85-1.10)
0.75 (0.61-0.90)

0.85 (0.70-1.03) 0.94 (0.78-1.13)
0.86 (0.66-1.14) -

CVOT, cardiovascular outcome trial; HR, hazard ratio; CI, confidence interval; MI, myocardial infarction; HF, heart failure; EMPA-REG, Empagliflozin
Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients—Removing Excess Glucose; CANVAS, Canagliflozin Cardiovascular Assess-
ment Study; DECLARE-TIMI 53, Dapagliflozin Effect on Cardiovascular Events—Thrombolysis in Myocardial Infarction 53; ELIXA, Evaluation of
Lixisenatide in Acute Coronary Syndrome; LEADER, Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome Results; SUS-
TAIN-6, Semaglutide in Subjects with Type 2 Diabetes; EXSCEL, Exenatide Study of Cardiovascular Event Lowering; HARMONY, Albiglutide and
Cardiovascular Outcomes in Patients with Type 2 Diabetes and Cardiovascular Disease.

liraglutide. In the Albiglutide and Cardiovascular Outcomes in
Patients with Type 2 Diabetes and Cardiovascular Disease
(Harmony Outcomes) trial, albiglutide reduced MACE by 22%
(HR, 0.78; 95% CI, 0.68 to 0.90; P<0.001), mainly driven by
non-fatal MI.

Atherosclerotic and hemodynamic CVD events in CVOTs
Atherosclerotic events (cardiac death, M1, stroke)
The LEADER trial showed that liraglutide, a GLP-1RA, is safe
and effective for reducing the risk of cardiovascular events and
death from cardiovascular-related causes [14]. Liraglutide de-
creased CVD mortality by 22%, and death from any cause by
15%. The rates of non-fatal MIs and non-fatal strokes were low-
er in the liraglutide group. In addition, a subgroup analysis re-
vealed that older patients, and those with severe kidney disease
or established CVD, may benefit more from liraglutide use [31].
Another GLP-1RA, semaglutide, decreased the primary out-
come, which was driven by a reduction in non-fatal MI and
stroke [32]. In the Harmony Outcomes, albiglutide significantly
reduced non-fatal MI incidence by 25%. A meta-analysis of
GLP-1RAs reported a significant reduction of all-cause mortality
and cardiovascular death [33]. Another recently published meta-
analysis showed that the cardiovascular benefits of long-acting
GLP-1RAs were more pronounced in Asian populations [34].

A few months before the LEADER trial results were released,
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the EMPA-REG OUTCOME trial reported that empaglifiozin,
an SGLT-2I, lowered the MACE rate in patients with T2DM
and a high risk of CVD, mainly through a reduction in cardio-
vascular deaths (HR, 0.62; 95% CI, 0.49 to 0.77) [29]. Howev-
er, it did not reduce cardiovascular events, including MI and
stroke. Other studies on SGLT-2Is also showed no reduction in
atherosclerotic events compared to conventional therapy (Table
3). Although direct comparisons cannot be made between trials,
the benefits of liraglutide observed in the LEADER trial dif-
fered from those of empagliflozin in the EMPA-REG OUT-
COME trial. The cardiovascular benefits were seen within a few
months after the initiation of empagliflozin treatment, but only
after 12 to 16 months of liraglutide treatment.

Heart failure

SGLT-2Is, which lower hyperglycemia by increasing glycos-
uria, conferred benefits by reducing the rate of HHF ([empa-
gliflozin: HR, 0.66; 95% CI, 0.50 to 0.84]; [canagliflozin: HR,
0.87; 95% CI, 0.52 to 0.87]; [dapagliflozin: HR, 0.73; 95% CI,
0.61 to 0.88]) [11,13,29]. These positive effects of SGLT-2Is on
HF have been confirmed by data from Comparative Effective-
ness of Cardiovascular Outcomes in New Users of SGLT-2 In-
hibitors (CVD-REAL) study (HR, 0.61; 95% CI, 0.51 to 0.73)
and CVD-REAL2 study (HR, 0.64; 95% CI, 0.50 to 0.82)
[35,36]. In a meta-analysis including three large randomized tri-
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als, SGLT-2Is reduced the risk of cardiovascular death or HHF
by 23% (HR, 0.77; 95% CI, 0.71 to 0.84; P<0.001), regardless
of prior CVD or HF.

SGLT-2Is did not reduce the risk of non-fatal MI or stroke in
these studies, which suggests that their beneficial effects on
CVD are related to hemodynamic effects. The specific mecha-
nisms underlying the effects of empagliflozin on cardiovascular
death are unknown. However, potential mechanisms include
natriuretic effects [37], reductions of insulin levels and the insu-
lin response to food intake, modulation of the renin-angiotensin-
aldosterone system [38], reductions in body weight and blood
pressure [39,40], and amelioration of the increases in sympa-
thetic nervous activity thought to be responsible for HF [41-43].

The long-term effects of GLP-1RAs on HF have not been ful-
ly investigated. The Evaluation of Lixisenatide in Acute Coro-
nary Syndrome (ELIXA) study, which was the first to investi-
gate the effects of GLP-1RAs on CVD safety, showed no effect
on HHF even in subgroups of patients who previously had HF
[44]. The LEADER study also showed that liraglutide had no
effect on HHF (HR, 0.87; 95% CI, 0.73 to 1.05), despite a sig-
nificant reduction in the composite primary outcome of cardio-
vascular death, non-fatal MI, and non-fatal stroke (HR, 0.87;
95% CI, 0.78 t0 0.97) [14].

Renal outcomes

Hypertrophy of the proximal tubule (PT) commonly occurs in
the early stages of diabetes [45]. PT growth is accompanied by
an increase in glucose reabsorption capacity and sodium reab-
sorption, and can be associated with higher renal expression of
SGLT-2 [46,47]. The increase in active tubular transport enhanc-
es oxygen consumption, and hypoxia of the renal cortex is an
important factor in the development of renal interstitial fibrosis
and progression to CKD [48,49]. The EMPA-REG OUTCOME
trial also investigated renal outcomes in patients with T2DM
who were at high risk of cardiovascular events, with an estimat-
ed glomerular filtration rate (eGFR) of =30 mL/min/1.73 m?
Compared with placebo, empagliflozin was associated with a
significant risk reduction for a composite renal microvascular
outcome (HR, 0.61; 95% CI, 0.53 to 0.70; P<0.001), defined as
progression to macroalbuminuria; a doubling of the serum cre-
atinine level (with an eGFR <45 mL/min/1.73 m?); the initia-
tion of renal replacement therapy, or death from renal disease
[50]. This protective effect was sustained in patients with CKD,
defined as an eGFR <60 mL/min/1.73 m* and macroalbumin-
uria at baseline. Canagliflozin reduced the likelihood of pro-
gression to albuminuria and increased the likelihood of regres-
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sion of albuminuria (HR, 0.73; 95% CI, 0.67 to 0.79), and also
showed a renal protective effect in the composite renal outcome,
which comprised a 40% reduction in eGFR sustained for at least
two consecutive measures, renal replacement therapy, or death
from renal disease (HR, 0.60; 95% CI, 0.47 to 0.77). In the DE-
CLARE-TIMI 58 trial, a renal protective effect of dapagliflozin
was also observed (HR, 0.76; 95% CI, 0.67 to 0.87).

Early in empagliflozin treatment (week 4), the eGFR slightly
decreased, whereas the placebo group showed no significant
change; however, during the long-term follow-up, the eGFR re-
mained stable and empagliflozin treatment was associated with
alower annual decrease in the eGFR (0.19+0.11 mL/min/1.73 m?
vs. 1.6740.13 mL/min/1.73 m?). Canagliflozin also reduced the
eGFR during week 3 to 6, but it stabilized over the remainder of
the study period. Dapagliflozin induced a greater reduction in
the eGFR after 1 week than placebo, and the eGFR subsequently
increased to near-baseline values after 24 weeks and remained
stable until the end of treatment at 102 weeks. At that time, the
glomerular filtration rate (GFR) was not significantly different
between the treatment and placebo control groups [51]. The
acute GFR-lowering effect of SGLT-2Is is associated with in-
creased delivery of glucose and sodium to the downstream mac-
ula densa [52,53]. The increased hydrostatic and osmotic pres-
sure caused by non-resorbed glucose can decrease glomerular
filtration through the tubuloglomerular feedback (TGF) system.
The role of the TGF system is to stabilize salt and fluid delivery
to the further distal nephron. The reduced fluid delivery to the
distal tubule lowers the tubular back pressure in the Bowman
space, which increases the effective glomerular filtration pres-
sure [53,54]. On the contrary, increased sodium, chloride, and
glucose delivery to the downstream macula densa by SGLT-2
inhibition enhances the tone of the afferent arteriole and lowers
GFR by reducing glomerular plasma flow and intraglomerular
pressure. In addition, the osmotic effect of non-reabsorbed glu-
cose increases the tubular back pressure, thereby reducing the
effective filtration pressure [55]. It may be more than a coinci-
dence that the time course of the eGFR decline after SGLT-2
blockade is similar to that observed after angiotensin blockade,
which also causes an immediate functional decline in the GFR
due to reduced intraglomerular pressure, but slows disease pro-
gression. In other words, the initial and functional decrease in
the eGFR in response to blockade of angiotensin or SGLT-2 may
help to preserve kidney function during long-term follow-up.

The CVD-REAL and CVD-REAL? clinical trials
Two studies confirmed the cardioprotective effect of SGLT-21Is
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in real-world practice [35,36]. In the CVD-REAL study, treat-
ment with SGLT-2Is reduced the relative risk of HHF by 39%
and the risk of all-cause death by 51%. Although most previous
CVOTs included patients with established cardiovascular, 87%
of patients did not have CVD in the CVD-REAL study. Thus,
the CVD-REAL study was the first study to show a class effect
of SGLT-2Is against CVD in patients with a lower risk of the
disease. However, the CVD-REAL study was limited to the
United States and Europe. A study of patients from Asia Pacific,
the Middle East, and North America, published in 2018, includ-
ed about 330,000 Koreans [35]. The results, based on what can
be regarded as “real-world data,” showed that SGLT-2Is re-
duced the all-cause death risk by 49% and the HHF rate by
36%. Death due to HHF was reduced by 40%. The risks of MI
and stroke were also reduced by 19% and 32%, respectively.
When restricted to Koreans, there was a 28% risk reduction of
all-cause death and a 13% reduction of HHF.

Real-world data extracted from the Korean Health Insurance
Review and Assessment Service database were published re-
cently [12]. SGLT-2Is reduced HHF by 34% (95% CI, 0.58 to
0.75) compared with dipeptidyl peptidase-4 inhibitors. The ef-
fect was present at 30 days after initiating SGLT-21I treatment
among patients with established CVD, and persisted at a 3-year
follow-up in patients without CVD. According to these real-
world data, the cardiovascular benefits of SGLT-2Is appear to
exist regardless of race and CVD risk.

However, since these data were drawn from a retrospective
study, we can only mention their relevance based on the conclu-
sions of the research, as there is a limit to the degree to which
these findings can be directly extrapolated as indicative of racial
differences or class effects. In addition, it was pointed out that
the results may have been somewhat exaggerated due to immor-
tal time bias. Therefore, a well-designed randomized controlled
trial is needed to investigate these issues.

WHICH AGENTS ARE BENEFICIAL IN
PATIENTS WITH DIABETES AT AN
INCREASED RISK OF CVD?

GLP-1RAs for treating atherosclerosis

GLP-1RAs are currently delivered via subcutaneous injection.
These agents stimulate insulin secretion and reduce glucagon
secretion in a glucose-dependent manner, thus enhancing satiety
and promoting weight loss [56,57]. Liraglutide and semaglutide
have been shown to improve cardiovascular outcomes, as dis-
cussed above. A recently published meta-analysis including the
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LEADER (liraglutide), Semaglutide in Subjects with Type 2
Diabetes (SUSTAIN-6; semaglutide), and Exenatide Study of
Cardiovascular Event Lowering (EXSCEL; exenatide) trials
showed that GLP-1RAs reduced the risks of MACE and cardio-
vascular death in patients with T2DM. A recently published me-
ta-analysis showed particularly favorable trends in Asian popu-
lations regarding the beneficial effects of GLP-1RAs on cardio-
vascular outcomes [34]. Although the mechanism of the differ-
ential cardiovascular effect according to race is unclear, the au-
thors suggested the possibility that endogenous GLP-1 levels
are lower in Asian populations [58,59], so exogenous GLP-
IRAs could compensate for this deficiency. Second, better gly-
cemic control by GLP-IRAs, especially in Asian populations,
could reduce the incidence of cardiovascular events [60].

The positive effect of GLP-1RAs on atherosclerotic disease
could be partly explained by the results of preclinical studies
showing that GLP-1RAs are present in cardiac myocytes, the
vascular endothelium, and arterial smooth muscle cells [61], as
well as in the pancreas and gut, and that GLP-1RAs show car-
dioprotective effects through various mechanisms, including re-
duction of atherosclerotic lesions [62], improvement of endo-
thelial function [63] and ventricular systolic function [64], re-
duction of infarct size, and improvement of left ventricular
function after coronary ischemia [65].

Effect of SGLT-2Is on heart failure and CKD

In the EMPA-REG OUTCOME trial, there was a significant re-
duction in the primary outcome (three-point MACE), the risk of
cardiovascular death for those receiving empagliflozin, and the
risk of HHF. The effects on both cardiovascular death and HHF
were apparent immediately after the drug intervention. Similar
cardioprotective effects, especially a reduction of HHF by
SGLT-2Is, were seen in a meta-analysis including three major
randomized controlled trials [30].

The class effects of SGLT-2Is in reducing the risk of cardio-
vascular death and HHF may be explained principally by their
apparent ability to alter cardiac physiology, and specifically to
reduce the cardiac workload and myocardial oxygen demand
(MVO:2) by lowering blood pressure and improving aortic com-
pliance and ventricular arterial coupling [66].

The ability of SGLT-2Is to lower blood pressure is also impor-
tant for reducing the cardiac workload. Modest reductions in
systolic (3 to 5 mm Hg) and diastolic (2 to 3 mm Hg) blood pres-
sure without an increase in heart rate have been reported using
canagliflozin, dapagliflozin, and empagliflozin [40,67]. Previous
analyses have reported beneficial effects of even small reduc-
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tions in blood pressure (=3 mm Hg) in decreasing cardiovascu-
lar events, such as coronary heart disease and HF [68,69], via
unloading the ventricle, reducing ventricular wall tension, and
making the ventricle smaller, which in turn reduces MVO, and
decreases the power needed to increase the stroke volume. Un-
loading the ventricle also lowers the pressure on the intracardial
surface and helps to decrease microcellular ischemia, such that
ventricular arterial coupling is improved and the heart functions
with greater efficiency, using less energy each time it pumps.

In addition, in diabetic patients with HF or CKD, regardless
of previous CVD, the use of SGLT-2Is reduced CKD progres-
sion and CVD events [29,70].

Risk stratification and the updated 2018 ADA/EASD
guidelines

Although the development of CVD is closely associated with
T2DM, not all T2DM patients have the same level of risk.
Therefore, risk stratification is needed when choosing a hypo-
glycemic agent to prevent or decrease the risk of CVD. Gener-
ally, cardiovascular risk increases with diabetes duration, and it
is also affected by other comorbidities such as hypertension,
dyslipidemia, obesity, and CKD [71].

The results of both the LEADER and EMPA-REG OUT-
COME trials represent a clinical breakthrough in the pharmaco-
logic management of patients with T2DM, suggesting a para-
digm shift toward use of either empagliflozin or liraglutide in ad-
dition to metformin, or even as a first-line therapy if there is pre-
existing atherosclerotic CVD or a high risk thereof. According to
the updated guidelines, management of hyperglycemia should
focus on a patient-centered strategy. Metformin remains the foun-
dation therapy, and if hemoglobin Alc levels are =1.5% above
the target for a given individual, early combined use of metfor-
min with an additional agent should be considered. If a patient
has established atherosclerotic CVD, HF, or CKD, then SGLT-
2Is or GLP-1RAs, which have proven cardiovascular benefits,
are recommended. For patients without atherosclerotic CVD, HF,
or CKD, treatment should focus on the patient’s needs and char-
acteristics, including weight, risk of hypoglycemia, and economic
circumstances. In addition, GLP-1R agonists are preferred as the
first-line injectable therapy over insulin in most cases.

CONCLUSIONS

In recently published representative trials, both GLP-1RAs and
SGLT-2Is showed favorable cardioprotective effects and safety
in high-risk patients with T2DM. This points to a paradigm shift
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toward a GLP-1RA- or SGLT-2I-centered strategy in diabetic
patients with established CVD.

GLP-1RAs have robust benefits for MACE and cardiac death,
and showed a favorable effect on cardiovascular outcomes in
Asians. In addition, SGLT-2Is significantly reduced HHF and
progression of renal disease, regardless of underlying CVD.
Therefore, studies on the different mechanisms and effects of
the two drugs, according to underlying disease, race, and demo-
graphic characteristics, are needed. In addition, the effects of
these drugs on CVD outcomes in patients at a lower risk of
CVD, and as primary prevention, remain known. The LEADER
trial did not show a reduction in the primary composite outcome
in patients without established CVD (19% of the cohort), and
the EMPA-REG OUTCOME trial only included patients with
pre-existing CVD (99% of the cohort). Therefore, it is necessary
to determine whether the CVD-lowering effects of these two
drugs can be reproduced in patients without CVD.
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