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Abstract
Purpose of Review This review will serve to highlight the clinical rationale used in the selection of sodium-glucose cotransporter
2 inhibitors (SGLT2-i) or glucagon-like peptide 1 receptor agonists (GLP1-ra).
Recent Findings SGLT2-i and GLP1-ra are the first anti-hyperglycemics to demonstrate significant cardiovascular benefit in
multiple cardiovascular outcomes trials (CVOTs), with benefits that are consistent across class of medication.
Summary Diabetes is a major risk factor for morbidity and mortality from cardiovascular disease. Sodium-glucose cotransporter
2 inhibitors (SGLT2-i) and glucagon-like peptide 1 receptor agonists (GLP1-ra) are the first anti-hyperglycemics to demonstrate
significant cardiovascular benefit. Given the unique side effect and benefit profiles, appropriate consideration of these agents with
a focus on cardiovascular risk reduction requires an individualized approach.

Keywords Diabetes . Cardiovascular disease . Sodium-glucose cotransporter 2 inhibitor . Glucagon-like peptide 1 receptor
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Introduction

Diabetes is a major cause of cardiovascular morbidity and
mortality, both in the USA and globally. Eighty percent of
individuals with type 2 diabetes mellitus (DM) will ultimately
succumb to death from a cardiovascular cause compared with
30% of the non-diabetic population [1]. Unfortunately, until
recently, the role of glycemic control using anti-
hyperglycemic medications in prevention of cardiovascular

disease (CVD) and macrovascular disease had not shown a
clear benefit in preventing these outcomes [2–4].

This paradigm was challenged with the EMPA-REG
OUTCOMES and LEADER trials, which ushered in a new
era of diabetes management, particularly in those at highest
risk for cardiovascular disease. The sodium-glucose
cotransporter 2 inhibitors (SGLT2-i) and glucagon-like pep-
tide 1 receptor agonists (GLP1-ra) have demonstrated reduc-
tion in cardiovascular events and mortality in multiple trials,
likely through mechanisms that have little to do with their
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glucose-lowering effects. These findings have led to an exten-
sion in the paradigm of cardiovascular risk reduction with a
recognition that diabetes is a metabolic disease exerting its
pathologic effects through pathways beyond hyperglycemia.
Clinicians should be aware of this evolving approach to care
and understand the important role that these novel therapies
have in risk reduction for their patients with diabetes.

SGTLT2 Inhibitors

The primary mechanism of action for SGLT-2 inhibitors is the
inhibition of the sodium-glucose cotransporter 2 in the kidney,
leading to glycosuria and osmotic diuresis (Table 1). There
have been a number of cardiovascular outcomes trials
(CVOTs) that have demonstrated the benefit of these medica-
tions in individuals with diabetes and established CVD or at
high risk of CVD (Table 2).

As noted in Table 2, the major cardiovascular benefits of this
medication class are in the reduction of cardiovascular mortality
and heart failure endpoints. In EMPA-REG OUTCOME
(Empagliflozin, Cardiovascular Outcome Event Trial in Type
2 Diabetes Mellitus), a 38% reduction in cardiovascular mortal-
ity, 32% reduction in all-cause mortality, and a 35% reduction in
heart failure hospitalizations were observed in those randomized
to empagliflozin [5••]. CANVAS (CANagliflozin cardiovascu-
lar Assessment Study) also similarly showed a 33% reduction in
heart failure hospitalizations in those patients randomized to
canagliflozin [6]. These benefits appeared to be present in both
individuals with and without heart failure at baseline, although
slightly greater benefit was seen in the endpoints of CV death
and heart failure hospitalization for those with baseline heart
failure [7, 8]. The particular importance of this medication class
in heart failure was highlighted in DECLARE-TIMI 58
(Dapagliflozin Effect on CardiovascuLAR Events), which had
data on left ventricular ejection fraction available [9•].
Dapagliflozin reduced hospitalizations for heart failure in pa-
tients with and without reduced ejection fractions, but reduced
CV death and all-cause mortality only in those with an ejection
fraction < 45%. The implication of this is that the ejection frac-
tionmay be an important measure in identifying those who have

the greatest benefit of SGLT-2 inhibitors, with a strikingly low
number needed to treat of 16 to prevent 1 death in those with
heart failure with reduced ejection fraction and type 2 diabetes
mellitus. Importantly, this benefit was seen in patients already
treated with standard contemporary medications including
angiotensin-converting enzyme-inhibitors/angiotensin II recep-
tor blockers, beta-blockers, and diuretics.

An important finding is that benefit appeared early in each
of the trials, with the difference in cardiovascular endpoints
between the placebo and intervention arms evident within the
first few weeks. Possible mechanisms to explain this finding
include an osmotic diuresis effect leading to improved cardiac
hemodynamics by reduction in left ventricular preload, low-
ering of body weight due to both calorie and fluid losses, and
lowering of blood pressure through reduction in circulating
plasma volume [10–12]. Heart failure hospitalizations were
reduced in the SGLT-2 inhibitor arm for all three trials, likely
due to this diuretic effect. Another proposed mechanism of
cardiovascular benefit may be a shift in metabolism in myo-
cardial cells via increased ketosis (with a rare but serious ad-
verse event of non-hyperglycemic ketoacidosis). Ketones are
a preferred substrate for cardiac tissue, as opposed to free fatty
acids [13]. This improvement in myocardial fuel energetics is
theorized to translate to CVD benefit. Additionally, SGLT-2
inhibitors are associated with weight reduction early after ini-
tiation of treatment, with weight loss generally seen from 1 to
2 kilograms (kg) [14].

Another important finding seen in these studies was the im-
provement in renal outcomes. Although a benefit in renal out-
comes was observed in secondary analyses in the CVOTs men-
tioned above, the CREDENCE (Canagliflozin andRenal Events
in Diabetes with Established Nephropathy Clinical Evaluation)
trial was the first to study renal outcomes as a primary outcome
in a population at risk for renal failure and end-stage renal dis-
ease [15]. Within the group randomized to canagliflozin, a 30%
reduction in the primary endpoint of end-stage kidney disease,
doubling of serum creatinine, or death from renal or cardiovas-
cular causes was observed. The mechanism for improved renal
outcomes is unclear, although is thought to be due to decreases
in intraglomerular pressure and hyperfiltration as a consequence
of decreased plasma volume [12, 16].

Table 1 Mechanisms of action and benefit of SGLT2-I and GLP1-ra

Mechanism of action Proposed mechanisms of CV benefit Proposed mechanism of renal benefit

SGLT2-i Inhibition of the sodium-glucose
cotransporter 2 in the kidney leading
to glycosuria and diuresis

- Osmotic diuresis leading to improved hemodynamics
- Reduction of blood pressure and body weight
- Shift in fuel energetics via increased ketosis

- Diuresis leading to decreased plasma
volume and reduction in hyperfiltration
and intraglomerular pressure

GLP1-ra Potentiating insulin secretion and
inhibition of glucagon secretion via
incretin pathway. Slowing gastric
emptying

- Reduction of blood pressure and body weight
- Potentially anti-atherothrombotic effect
- Avoidance of hypoglycemia

- Unclear but appears driven by reduction
in macroalbuminuria. Mild compared
with renal benefit seen with SGLT2-i
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Importantly, these findings have been shown to be consis-
tent in the general population as well, outside of the setting of
a randomized controlled trial. The multinational observational
study, CVD-REAL (Comparative Effectiveness of
Cardiovascular Outcomes in New Users of SGLT-2
Inhibitors Study), showed that in 306,156 adults the findings
shown in the previously mentioned CVOTs were confirmed,
with a lower risk of death in individuals with and without
CVD (HR 0.56, 95% CI 0.44–0.70; HR 0.56, 95% CI 0.50–
0.63) as well as a reduction in heart failure hospitalizations
(HR 0.72, 95% CI 0.63–0.82; HR 0.61, 95% CI 0.48–0.78)
[17]. These findings appear to show a class benefit, as benefit
was seen with all three SGLT2 inhibitors included in the study
(empagliflozin, canagliflozin, and dapagliflozin).

GLP1 Receptor Agonists

GLP-1 receptor agonists exert their anti-hyperglycemic effects
through the incretin effect, an effect characterized by potenti-
ating insulin secretion, decreasing postprandial glucagon,
delaying gastric emptying, and promoting weight loss
(Table 1) [12, 18]. Several trials have shown cardiovascular
benefit with this class of medications, including LEADER
(Liraglutide Effect and Action in Diabetes: Evaluation of
Cardiovascular Outcomes Resul ts -A Long-Term
Evaluation), SUSTAIN-6 (Semaglutide in Subjects with
Type 2 Diabetes), and HARMONY (Albiglutide and
Cardiovascular Outcomes in Patients with Type 2 Diabetes
and Cardiovascular Disease) (Table 2) [19•, 20, 21].

There are several important considerations within these
GLP1-ra trials. The reduction in the primary end point of
CV death, non-fatal MI, and non-fatal stroke was driven by
significantly lower CV mortality in LEADER. While there
was numerical reduction in MI and stroke rates, this did not
reach statistical significance. There was composite CV event
reduction with semaglutide in SUSTAIN-6 which was driven
by a significant reduction in stroke (1.6 vs. 2.7% in placebo)
without a reduction in CV mortality. The HARMONY trial
did not demonstrate any mortality benefit with albiglutide as
compared with placebo, but did show a statistically significant
reduction in MI. Neither liraglutide, albiglutide, nor
semaglutide had any significant effect on HF hospitalizations,
in contrast with the substantial benefit seen with SGLT2 in-
hibitors. The theorized mechanism of benefit seen with these
medications is thought to be an anti-atherothrombotic effect
given the endpoints improved are primarily driven by athero-
sclerosis (MI, stroke) as well as the timing of the benefit seen
later in the trials (months to years) in contrast with SGLT-2
inhibitors (weeks). However, given the magnitude of the CV
mortality improvement seen in LEADER, a more convincing
reduction in MI or stroke would have been expected (neither
were significantly reduced in LEADER). Other potential

effects like blood pressure lowering, weight reduction, and
avoidance of hypoglycemia seen in all 3 trials may be contrib-
utory to improved CVoutcomes [22].

Strategies for Selection

In patients with diabetes and established CVD or at high risk
for CVD, initiation of an SGLT2-I or GLP1-ra should be con-
sidered for cardiovascular risk reduction based on available
evidence [23••]. The distinct clinical benefit profiles of each
class should be considered in the decision-making process for
individual patients (Table 3).

Considerations for Using an SGLT2 Inhibitor

As noted in the outcomes trials, the predominant cardiovascu-
lar benefit of SGLT2 inhibitors is likely reduction of heart
failure events. As evidenced in the DECLARE-TIMI 58 study,
diabetic patients with a reduced ejection fraction may have a
significant degree of benefit from these medications and an
SGLT2 inhibitor should be strongly considered in this patient
population. As demonstrated across trials, there has been an
improvement in renal outcomes as well with these medica-
tions, particularly in those with albuminuria. Other patient-
specific considerations (i.e., fear of needles or preference for
daily oral medication) can also sway clinicians to using an
SGLT2 inhibitor rather than a GLP1 receptor agonist (al-
though the GLP1-ra semaglutide will soon be available oral-
ly). Currently, empagliflozin is the only medication among the
SGLT2 inhibitors to receive an FDA-approved indication of
reducing risk of CV death in adults with type 2 diabetes and
CVD.

Contraindications for Using an SGLT2 Inhibitor

There are several important side effects of the SGLT2 inhibi-
tors for the provider and patients to be aware. Amputation is
an important but albeit rare adverse event noted with the use of
canagliflozin in CANVAS. The exact mechanism of the
higher rates of lower limb amputation is unknown but may
be due to volume depletion leading to circulatory failure in
distal peripheral arterial beds [12, 24]. This has led to an FDA
black-box warning to clinicians to avoid using canagliflozin in
individuals at risk for amputation (history of prior amputation,
peripheral vascular disease, neuropathy, and diabetic foot ul-
cers). Out of caution, clinicians should avoid all SGLT2 in-
hibitors in those at particularly high risk of amputation. In
those with risk factors for peripheral arterial disease, a screen-
ing ankle-brachial index can be considered prior to initiation
of therapy.

A significantly increased rate of genital mycotic infections
is seen throughout this class of medications and, although a
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nuisance to the patient, generally tends to be easily treated
with a brief course of anti-fungal agents. However, the occur-
rence of this adverse event is quite common (~ 5% in males
and ~ 10% in females) and may contribute to discontinuation
of the medication by patient or provider. Volume depletion,
dehydration, and increased urinary tract infections have been
associated with these medications and are also likely second-
ary to the mechanism of action of this class (glucosuria lead-
ing to osmotic diuresis) [25]. Additionally, patients may re-
quire adjustment of their diuretic regimen to avoid hypoten-
sion due to volume depletion after being started on an SGLT2
inhibitor. Also, although these medications have benefit in
delaying renal outcomes, they are contraindicated in signifi-
cant renal disease (GFR < 45 ml/min/1.73 m2) and should be
stopped in the context of acute kidney injury.

Euglycemic diabetic ketoacidosis is another rare but seri-
ous adverse effect of the medication. Briefly, the mechanism is
a result of persistent glycosuria leading to a series of metabolic
changes leading to a reduction in insulin production and an
increase in glucagon secretion, which in turn stimulates keto-
genesis [26]. This potential adverse event presents a challenge
diagnostically given the absence of significant hyperglycemia
can lead to delayed or missed diagnosis of diabetic
ketoacidosis. These medications should not be used in type
1 diabetes or insulin-dependent diabetics with a history of
diabetic ketoacidosis.

Canagliflozin was also associated with a small but statisti-
cally significant increase in the risk of bone fractures, so use of
SGLT-2 inhibitors in those with osteoporosis or at risk of falls
should be done with caution.

Considerations for Using GLP-1 Receptor Agonists

GLP-1 receptor agonists should also be considered in diabetic
patients with CVD. Given the difference in benefit profile, the
patient population that may derive most benefit is likely dif-
ferent than those deriving maximal benefit from SGLT2 in-
hibitors. Therefore, in individuals without heart failure history

but at risk for MI/stroke, GLP1 receptor agonists may be the
appropriate option. Additionally, in individuals in whom
SGLT2 inhibitors should not be used (prior amputation or
ulceration/infection due to peripheral arterial disease), GLP1
receptor agonists should be considered.

These medications have also shown significant reduction
in weight loss, greater than what was observed with SLGT-2
inhibitors. For example, liraglutide was associated with a
2.3 kg weight loss as compared with placebo in LEADER.
Similarly, albiglutide was associated with a 0.83 kg weight
loss greater than placebo and semaglutide was associated with
an impressive 2.9 kg reduction in the 0.5 mg arm, with a
4.3 kg body weight reduction in 1.0 mg arm compared with
placebo. Given this substantial benefit, these medications
should be considered in obese patients for both CV risk reduc-
tion and weight loss.

There are currently five GLP-1 agonists that are available
for clinical use. Thus far, only liraglutide has been approved
by the FDAwith an indication for reducing the risk of cardio-
vascular events in individuals with type 2 diabetes and CVD.

Cautions on the Use of GLP-1 Receptor Agonists

The most common side effects with GLP-1 receptor agonists
are gastrointestinal in nature, including diarrhea, nausea, and
vomiting. These side effects usually occur early, tend to be
transient, and can often be mitigated by gradual dose titration
[27]. However, if symptoms do no resolve, patients may not
be able to tolerate these medications. Gastrointestinal (GI)
complaints were a frequent occurrence in the trials. For exam-
ple, in SUSTAIN-6, 50% of patients treated with semaglutide
had GI complaints, as compared with 35% on placebo. GI
complaints were the leading reason for discontinuation of a
GLP1-ra, with 3–5% of patients discontinuing GLP1-ra ther-
apy compared with < 1% on placebo. Additionally, as GLP1
receptor agonists delay gastric emptying, caution should be
used in patients with prior gastric surgery or known
gastroparesis. Although post-marketing case reports have

Table 3 Strategies for selection
Favoring selection of SGLT2-i: Favoring selection of GLP1-ra:

• Heart failure • History of myocardial infarction or ischemic stroke

• Chronic kidney disease with albuminuria
(eGFR > 45 ml/min/1.73 m2)

• Obesity

• Patient’s fear of needles or strong preference
for daily oral therapy

• When eGFR is consistently < 45 ml/min/1.73 m2

Use with caution or avoid in:

• eGFR < 45 ml/min/1.73 m2

Use with caution or avoid in:

• eGFR < 30 ml/min/1.73 m2

• History of prior amputation, diabetic ulcers, or
severe peripheral arterial disease

• Persistent nausea on treatment or history of
pancreatitis, gastric surgery, or gastroparesis

• History of diabetic ketoacidosis • History of MEN2 or medullary thyroid cancer

• History of osteoporosis or risk of falls in the
frail and elderly

• History of proliferative retinopathy

Curr Cardiol Rep (2019) 21: 100 Page 5 of 7 100



suggested possible associations between GLP1-ra and acute
pancreatitis, there was not increased risk of pancreatitis or
pancreatic cancer in a large meta-analysis of available
placebo-controlled studies [28].

GLP1-ra have been associated with medullary thyroid can-
cer in rodents, and thus for now should be avoided or used
with caution in individuals who have a history of medullary
thyroid cancer or multiple endocrine neoplasia 2 [29]. The
mechanism of this is thought to be due to stimulation of the
GLP-1 receptor in thyroid C cells which, upon longer-term
exposure, is accompanied by C cell proliferation and the for-
mation of C cell adenomas and medullary thyroid carcinomas.
Although increased risk for thyroid cancer has not been shown
in humans, long-term consequences of sustained GLP-1 re-
ceptor activation in the human thyroid remain unknown and
require further investigation and follow-up.

Additionally, in SUSTAIN-6, semaglutide was associated
with a higher rate of worsening diabetic retinopathy (HR 1.76,
95%CI 1.11–2.78). This has been noted with rapid improve-
ment in glycemic control with insulin as well, and thought to
be due to worsening of pre-existing diabetic retinopathy asso-
ciated with these rapid and large changes in glucose, and like-
ly not a complication specific to semaglutide [12, 30].

Given that this class of medications is renally excreted, a
GFR < 30 ml/min/1.73 m2 is a contraindication and thus
GLP1-ra should be used with caution in individuals with sig-
nificant renal disease and avoided in those with end-stage
renal disease.

Combination Treatment with SGLT-2 Inhibitors
and GLP-1 Receptor Agonists

There have been no cardiovascular outcomes trials examining
the use of these classes of medications in combination. The
DURATION-8 trial did show greater BP and weight reduc-
tions with a combination of exenatide and dapagliflozin [31].
The study, however, was not designed to demonstrate a dif-
ference in cardiovascular outcomes, although additional data
is expected from ongoing investigations to better inform the
decision to use these drug classes in combination. There are no
obvious contraindications to combining these medications,
although there is a clear need for further examination of this
question prior to adoption of this practice.

Conclusion: Challenges and Future Directions

Evolving clinical trial data indicate SGLT2 inhibitors and
GLP1-ra independently improve CVoutcomes and appear to
do so via separate mechanisms. Further research is needed to
better define the ideal population for these medications. Given
the magnitude of benefit noted, there has been interest in ex-
ploring the use of these medications for primary prevention, as

well as in non-diabetics, as the major effect of these medica-
tions appears independent of their glucose-lowering effects.
While these new diabetes drugs have ushered in an exciting
new era of managing cardiovascular risk, additional trials are
needed as the utility and safety of these medications in a
larger-scale population is still largely unknown. At present,
these medications are powerful tools for reducing CVmorbid-
ity and mortality in individuals with diabetes at high risk or
with established CVD and should be utilized by clinicians
caring for these patients in the absence of contraindications.
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