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PREFACE

The American College of Cardiology (ACC) has a long his-
tory of developing documents (e.g., decision pathways,
health policy statements, appropriate use criteria) to
2020 � 4:59 pm � ce
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provide members with guidance on both clinical and
nonclinical topics relevant to cardiovascular (CV) care. In
most circumstances, these documents have been created
to complement clinical practice guidelines and to inform
clinicians about areas where evidence may be new and
evolving or where sufficient data may be more limited. In
spite of this, numerous care gaps continue to exist, high-
lighting the need for more streamlined and efficient pro-
cesses to implement best practices in service to improved
patient care.

Central to the ACC’s strategic plan is the generation of
“actionable knowledge”—a concept that places emphasis
on making clinical information easier to consume, share,
integrate, and update. To this end, the ACC has evolved
from developing isolated documents to the development
of integrated “solution sets.” Solution sets are groups of
closely related activities, policy, mobile applications, de-
cision support, and other tools necessary to transform care
and/or improve heart health. Solution sets address key
questions facing care teams and attempt to provide prac-
tical guidance to be applied at the point of care. They use
both established and emerging methods to disseminate
information for CV conditions and their related manage-
ment. The success of the solution sets rests firmly on their
ability to have a measurable impact on the delivery of care.
Because solution sets reflect current evidence and ongoing
gaps in care, the associated content will be refined over
time to best match changing evidence and member needs.

Expert consensus decision pathways (ECDPs) represent
a key component of solution sets. The methodology for
ECDPs is grounded in assembling a group of clinical ex-
perts to develop content that addresses key questions
facing our members across a range of high-value clinical
topics (1). This content is used to inform the development
of various tools that accelerate real time use of clinical
policy at the point of care. They are not intended to pro-
vide a single correct answer; rather, they encourage cli-
nicians to ask questions and consider important factors as
they define a treatment plan for their patients. Whenever
appropriate, ECDPs seek to provide unified articulation of
clinical practice guidelines, appropriate use criteria, and
other related ACC clinical policy. In some cases, covered
topics will be addressed in subsequent clinical practice
guidelines as the evidence base evolves. In other cases,
these will serve as stand-alone policy.

Ty J. Gluckman, MD, FACC
Chair, ACC Solution Set Oversight Committee

1. INTRODUCTION

Despite major therapeutic advances leading to improved
outcomes over the past 2 decades, CV disease remains the
leading cause of morbidity and mortality in patients with
type 2 diabetes (T2D) (2–4). Over this time, the prevalence
PGL 5.6.0 DTD � JAC27378_p
of T2D has increased, while the excess risk of adverse CV
events in patients with T2D (compared with patients
without diabetes) has remained largely unchanged (5,6).
Accordingly, the development of treatment strategies to
improve CV outcomes in this vulnerable patient popula-
tion remains a major priority. Diabetes is typically thought
of as a disease of elevated blood glucose (7). Although large
clinical trials have consistently demonstrated an
improvement in microvascular outcomes in patients with
T2D with intensive versus conservative glucose control,
similar results have not been demonstrated for CV out-
comes in patients with T2D, despite the clinically impor-
tant differences in hemoglobin A1c (HbA1c) achieved
between treatment groups in glucose-lowering trials (8–
11). The opportunities for improving clinical outcomes in
patients with T2D and CV disease have recently expanded.

Many sodium-glucose cotransporter 2 (SGLT2) in-
hibitors and glucagon-like peptide 1 receptor agonists
(GLP-1RAs) have been demonstrated to significantly
reduce the risk of major adverse cardiovascular events
(MACE) (12–19). SGLT2 inhibitors also substantially
diminish the risks of heart failure (HF) hospitalization and
progression of diabetic kidney disease (DKD). Although the
exact mechanisms of CV and renal benefits remain uncer-
tain, they appear to exceed the direct glucose-lowering
effects of these agents and may be related to additional
mechanisms of action of each class of medications (20,21).
Data proving that SGLT2 inhibitors and GLP-1RAs improve
outcomes in patients with T2D and CV disease have trig-
gered a major paradigm shift beyond glucose control to a
broader strategy of comprehensive CV risk reduction
(2,22,23). The potential of these compounds has also
stimulated re-examination of the traditional roles of
various medical specialties in the management of T2D,
compelling CV specialists to adopt a more active role in
prescribing drugs that may previously have been seen
primarily as glucose-lowering therapies. This evolving role
has created a need for novel clinical care delivery models
that are collaborative, interprofessional, and multidisci-
plinary in their approach tomanaging this high-risk patient
group with multiple comorbidities. The purpose of this
ECDP is to update the 2018 ACC Expert Consensus Decision
Pathway on Novel Therapies for Cardiovascular Risk
Reduction in Patients With Type 2 Diabetes and Athero-
sclerotic Cardiovascular Disease (ASCVD) (24) with data
from emerging studies, and continue to provide succinct,
practical guidance on the use of specific agents for
reducing CV risk in patients with T2D.

1.1. A Focus on Comprehensive CV Risk Reduction in T2D

Although the primary focus of patients, clinicians, and
healthcare systems should be the prevention of T2D (25),
a significant proportion of patients cared for by CV clini-
cians have known T2D, undiagnosed diabetes, or
roof � 24 July 2020 � 4:59 pm � ce
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prediabetes (26). Because most morbidity and mortality in
T2D comes from CV events (27), the CV specialist has a key
role in optimizing these patients’ care and is well-
positioned to address 3 key areas in the management of
patients with T2D:

1. Screening for T2D in their patients with or at high risk
of CV disease;

2. Aggressively treating CV risk factors; and
3. Incorporating newer glucose-lowering agents with ev-

idence for improving CV outcomes into routine
practice.

Data from the NCDR PINNACLE registry from 2008
through 2009 show that only 13% of outpatients in the
United States with coronary artery disease cared for
primarily by cardiologists are screened for T2D (28).
While the proportion screened is likely to have
improved in the decade since that report was published,
there remains a need for improvement in comprehensive
CV risk factor control among patients with T2D (29,30),
as current care delivery is often fragmented, episodic,
and focused on treating acute events. Comprehensive
CV risk factor control reduces events and improves
survival in patients with T2D (31,32). This includes
encouraging a healthy diet, regular physical activity,
weight loss, smoking cessation, assiduous control of
blood pressure (33), lowering of atherogenic blood lipids
(34,35), and use of antiplatelet agents in accordance
with current treatment guidelines (2,35,36). Only a mi-
nority of patients with diabetes achieve these key
benchmarks (37). Beyond these core recommendations,
CV specialists should be aware of the strong clinical
evidence regarding specific glucose-lowering therapies
proven to lower CV risk. Given that patients with T2D
and CV disease frequently follow up with their CV spe-
cialists, a firm understanding of the efficacy and safety
profiles and net clinical benefits of these agents is
important. Such encounters are an ideal time to review
the patient’s overall management and consider the
initiation of these novel agents to favorably impact pa-
tient care and outcomes.

2. METHODS

The ACC created the Heart House Roundtables, a struc-
tured format of interactive discussion among a broad group
of stakeholders, to address high-value topics and issues
that clinicians and patients face daily, such as the treat-
ment of CV disease in patients with T2D (38). The planning
committee for the Managing CV Disease Risk in Diabetes
roundtable was led by Mikhail Kosiborod, MD, FACC, and
Larry Sperling, MD, FACC. To accommodate the multiple
perspectives concerning new therapeutic options for pa-
tients with T2D, the roundtable included several experts in
PGL 5.6.0 DTD � JAC27378_proof �
diverse medical specialties, such as cardiology, family
medicine, internal medicine, and endocrinology, and
included physicians, nurses, advanced practice providers,
and pharmacists. Recognizing the significant impact of
recently available CV outcomes trial data, discussions
focused on the real-world challenges faced in working to-
ward comanaging T2D and CV disease for improved patient
outcomes. As a result, the ACC saw an opportunity to
provide guidance to fill the current gap between CV clini-
cians and diabetes care providers who jointly manage pa-
tients with T2D and ASCVD, HF, and/or DKD. To support
this effort, a writing committee of multidisciplinary ex-
perts was convened in 2017 to develop an ECDP providing
guidance on the use of antidiabetic agents proven to
reduce CV risk in patients with T2D (24). For this update,
the writing committee convened in late 2019 via confer-
ence call attended only bywriting committeemembers and
ACC staff. Differences were resolved by consensus among
the group, and no portions of the ECDP required adminis-
trative decision overrides. The work of the writing com-
mittee was supported only by the ACC and did not have any
commercial support. Writing committee members were all
unpaid volunteers.

The ACC and the Solution Set Oversight Committee
(SSOC) recognize the importance of avoiding real or
perceived relationships with industry (RWI) or other en-
tities that may affect clinical policy. The ACC maintains a
database that tracks all relevant relationships for ACC
members and persons who participate in ACC activities,
including those involved in the development of ECDPs.
ECDPs follow ACC RWI Policy in determining what con-
stitutes a relevant relationship, with additional vetting by
the SSOC.

ECDP writing groups must be chaired or co-chaired by
an individual with no relevant RWI. While vice chairs and
writing group members may have relevant RWI, this must
constitute less than 50% of the writing group. Relevant
disclosures for the writing group, external reviewers, and
SSOC members can be found in Appendixes 1 and 2. Par-
ticipants are discouraged from acquiring relevant RWI
throughout the writing process.

3. ASSUMPTIONS AND DEFINITIONS

To facilitate interpretation of the recommendations pro-
vided in this ECDP, specific assumptions were made by
the writing committee as specified in Section 3.1.

3.1. General Clinical Assumptions

1. The principal focus of this effort, including ECDP
considerations, applies to patients with T2D and CV
disease or who are at high risk for CV disease.

2. The writing committee endorses the evidence-based
approaches to CV disease risk reduction recommended
24 July 2020 � 4:59 pm � ce
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in the 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/
ASH/ASPC/NMA/PCNA Guideline for the Prevention,
Detection, Evaluation, and Management of High
Blood Pressure in Adults (33), the 2018 AHA/
ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/
NLA/PCNA Guideline on the Management of
Blood Cholesterol (34), and the 2019 ACC/AHA Guide-
lines on the Primary Prevention of Cardiovascular Dis-
ease (39).

3. The writing committee endorses the evidence-based
approaches to diabetes management outlined in the
American Diabetes Association (ADA) Standards of
Medical Care in Diabetes: Chapter 10. Cardiovascular
Disease and Risk Management (2).

4. The writing committee endorses the evidence-based
approaches to HF therapy and management enumer-
ated in the 2013 ACCF/AHA Guideline for the Manage-
ment of Heart Failure, the 2016 ACC/AHA/HFSA
Focused Update on the New Pharmacological Therapy
for Heart Failure: an Update of the 2013 ACCF/AHA
Guideline for the Management of Heart Failure, and
the 2017 ACC Expert Consensus Decision Pathway for
Optimization of Heart Failure Treatment: Answers to
10 Pivotal Issues About Heart Failure With Reduced
Ejection Fraction (40–42). It is important to note that
the 2013 and 2017 HF guidelines as well as the 2017
ECDP do not include major trials that are described in
this ECDP because of the timing of those publications.

5. Optimal patient care decisions should properly reflect
the patient’s preferences and priorities as well as those
of the managing clinician.

6. This ECDP is not intended to supersede good clinical
judgement. The treating clinician should seek input as
needed from relevant experts (e.g., pharmacists, car-
diologists, endocrinologists).

7. This ECDP is based on the best data currently avail-
able. New information is being generated rapidly
(e.g., CV outcomes trials of additional agents and
including other patient populations), and as these
data become available, they will impact the consid-
erations made here. Clinicians should be careful to
incorporate relevant information published after this
ECDP.

8. A background effort aimed at comprehensive CV risk
reduction is essential, using the full complement of
diet, exercise, and lifestyle recommendations, as well
as CV risk factor modification and other preventive
medical therapies described in the ADA Standards of
Care and/or the applicable AHA/ACC guidelines or ACC
ECDPs.

9. Although implementing relevant portions of these
recommendations in the acute inpatient setting may be
reasonable, this ECDP is primarily focused on man-
agement in the outpatient ambulatory setting.
PGL 5.6.0 DTD � JAC27378_p
3.2. Definitions

Atherosclerotic cardiovascular disease (ASCVD): a his-
tory of an acute coronary syndrome or myocardial
infarction (MI), stable or unstable angina, coronary heart
disease with or without revascularization, other arterial
revascularization, stroke, or peripheral artery disease
assumed to be atherosclerotic in origin. This definition is
intended to be consistent with that used in the 2017
Focused Update of the 2016 ACC Expert Consensus Deci-
sion Pathway on the Role of Non-Statin Therapies for
LDL-Cholesterol Lowering in the Management of Athero-
sclerotic Cardiovascular Disease Risk (34).

Cardiovascular (CV) disease includes ASCVD, HF, and
CV-related death.

Diabetic kidney disease (DKD): a clinical diagnosis
marked by a decrease in estimated glomerular filtration
rate (eGFR), the presence of albuminuria, or both in a
patient with diabetes. This definition is intended to be
consistent with those used in the ADA Standards of
Medical Care for Diabetes and the clinical trials referenced
throughout this ECDP (19,43).

Heart failure (HF): defined per criteria outlined in the
2013 ACCF/AHA Guideline for the Management of Heart
Failure and the 2017 ACC Expert Consensus Decision
Pathway for Optimization of Heart Failure Treatment:
Answers to 10 Pivotal Issues About Heart Failure With
Reduced Ejection Fraction (42,44). An HF event,
including hospitalization, is defined by the criteria out-
lined by the 2014 ACC/AHA Key Data Elements and Defi-
nitions for Cardiovascular Endpoint Events in Clinical
Trials (45).

Heart failure with reduced ejection fraction (HFrEF):

clinical diagnosis of HF and left ventricular ejection
fraction #40% (42,46).

High risk for ASCVD: patients with end organ damage
such as left ventricular hypertrophy, retinopathy, or
multiple risk factors (e.g., age, hypertension, smoking,
obesity, dyslipidemia)

Major adverse cardiovascular event (MACE): either a
“3-point MACE” composite endpoint of nonfatal myocar-
dial infarction (MI), nonfatal stroke, or CV death, or a “4-
point MACE” composite endpoint of nonfatal MI, nonfatal
stroke, hospitalization for unstable angina, or CV death.

4. PATHWAY SUMMARY GRAPHIC

Figure 1 provides an overview of what is covered in the
ECDP. See each section for more detailed considerations
and guidance.

5. DESCRIPTION AND RATIONALE

CV specialists should be aware of the evidence supporting
the use of specific SGLT2 inhibitors and GLP-1RAs to
roof � 24 July 2020 � 4:59 pm � ce
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reduce risk in patients with T2D and established CV
disease.

5.1. SGLT2 Inhibitors

SGLT2 inhibitors have emerged as important new oral
therapies for patients with T2D. Large, randomized
controlled trials in patients with T2D have demonstrated
that many of these agents reduce MACE in patients with
established ASCVD and/or DKD, and reduce the risk of HF
hospitalizations (see Table 1).
PGL 5.6.0 DTD � JAC27378_proof �
These benefits may be similar for agents within this
class, although there are differences that seem likely to
reflect the patient populations enrolled in the trials
(48–50). The benefit of reducing HF hospitalizations in
these trials reflected primarily prevention of symptomatic
HF in T2D patients at high risk, asw90% did not have HF at
baseline (and those who did were not well-characterized).
The benefits of an SGLT2 inhibitor in treating established
HF were demonstrated in the DAPA-HF (Study to Evaluate
the Effect of Dapagliflozin on the Incidence of Worsening
24 July 2020 � 4:59 pm � ce



TABLE 1 Summary of the Published SGLT2 Inhibitor CV and Renal Outcomes Trials

EMPA-REG OUTCOME
(12)

CANVAS/CANVAS-R
(16)

DECLARE-TIMI 58
(17)

CREDENCE
(19)

DAPA-HF*
(47)

Patients enrolled, n 7,020 10,142 17,160 4,401 4,744

Drug Empagliflozin Canagliflozin Dapagliflozin Canagliflozin Dapagliflozin

Dose 10 or 25 mg PO daily 100 or 300 mg PO daily 10 mg PO daily 100 mg PO daily 10 mg PO daily

Median duration of follow-up (years) 3.1 2.4 4.2 2.6 1.5

Mean baseline HbA1c (%) 8.1 8.2 8.3 8.3 *

Mean duration of diabetes (years) N/A† 13.5 11.0 15.8 *

Baseline statin use (%) 77 75 75 69 n/a

Baseline prevalence of CV disease/HF (%) 99 72 41 50 Not reported

Baseline prevalence of HF (%) 10 14 10 15 100*

MACE outcome, HR (95% CI)‡ 0.86 (0.74–0.99) 0.86 (0.75–0.97) 0.93 (0.84–1.03) 0.80 (0.67–
0.95)

Not reported

Hospitalization for HF or CV death, HR (95% CI)§ 0.66 (0.55–0.79) 0.78 (0.67–0.91) 0.83 (0.73–0.95) 0.69 (0.57–
0.83)

0.75 (0.65–
0.85)

CV death, HR (95% CI) 0.62 (0.49–0.77) 0.87 (0.72–1.06) 0.98 (0.82–1.17) 0.78 (0.61–
1.00)

0.82 (0.69–
0.98)

Fatal or nonfatal MI, HR (95% CI) 0.87 (0.70–1.09) 0.89 (0.73–1.09) 0.89 (0.77–1.01) Not reported Not reported

Fatal or nonfatal stroke, HR (95% CI) 1.18 (0.89–1.56) 0.87 (0.69–1.09) 1.01 (0.84–1.21) Not reported Not reported

All-cause mortality, HR (95% CI) 0.68 (0.57–0.82) 0.87 (0.74–1.01) 0.93 (0.82–1.04) 0.83 (0.68–
1.02)

0.83 (0.71–0.97)

HF hospitalization, HR (95% CI) 0.65 (0.50–0.85) 0.67 (0.52–0.87) 0.73 (0.61–0.88) 0.61 (0.47–
0.80)

0.70 (0.59–
0.83)

Renal composite endpoint,k
HR (95% CI)

0.54 (0.40–0.75) 0.60 (0.47–0.77) 0.53 (0.43–0.66) 0.70 (0.59–
0.82)

0.71 (0.44–1.16)

*58.2% of patients enrolled in DAPA-HF did not have diabetes mellitus. All patients enrolled in DAPA-HF had HFrEF.
†Mean duration of diabetes was not provided for EMPA-REG OUTCOME, but 57% of patients enrolled had diabetes for more than 10 years.
‡This outcome was the primary outcome for CANVAS and EMPA-REG OUTCOME and was a dual primary outcome for DECLARE-TIMI 58. It was a secondary outcome for CREDENCE. It
consists of 3-point MACE, a composite of nonfatal MI, nonfatal stroke, and CV death. The p value for superiority for the primary endpoint for empagliflozin (all doses) vs. placebo was
0.04, and the p value for superiority for the primary endpoint for canagliflozin (all doses) vs. placebo was 0.02. The p values for the other comparisons are available in the primary
EMPA-REG OUTCOME report but were not published in the CANVAS/CANVAS-R report. DECLARE-TIMI 58 had dual primary endpoints of MACE and hospitalization for HF or CV death.
MACE was not assessed in DAPA-HF, which was an HF outcome trial.
§Hospitalization for HF or CV death was a dual primary endpoint of the DECLARE-TIMI 58 trial. In EMPA-REG OUTCOME, this endpoint excluded fatal stroke events. The primary
endpoint of DAPA-HF was worsening HF (urgent HF visit or hospitalization for HF) or CV death. Dapagliflozin, 10 mg daily was associated with a 26% reduction in the primary endpoint
(HR: 0.74; 95% CI: 0.65 to 0.85).
kA renal endpoint reported in a recent meta-analysis was a composite of sustained doubling of serum creatinine or a 40% decline in eGFR, end-stage kidney disease, or death of renal
cause (49). The DAPA-HF renal composite endpoint was defined as a sustained decline in eGFR of 50% or greater, end-stage kidney disease, renal transplantation, renal death, and
death from any cause.

CANVAS/CANVAS-R ¼ Canagliflozin CV Assessment Study/A Study of the Effects of Canagliflozin (JNJ-28431754) on Renal Endpoints in Adult Participants With T2D; CI ¼ confidence
interval; CREDENCE ¼ Evaluation of the Effects of Canagliflozin on Renal and CV Outcomes in Participants With Diabetic Nephropathy; CV ¼ cardiovascular; DAPA-HF ¼ Study to
Evaluate the Effect of Dapagliflozin on the Incidence of Worsening HF or CV Death in Patients With Chronic HF; DECLARE-TIMI 58 ¼ Multicenter Trial to Evaluate the Effect of
Dapagliflozin on the Incidence of CV Events-Thrombolysis In Myocardial Infarction 58; eGFR ¼ estimated glomerular filtration rate; EMPA-REG OUTCOME¼ (Empagliflozin) CV
Outcome Event Trial in T2D Patients; HbA1c ¼ hemoglobin A1c; HF ¼ heart failure; HFrEF ¼ heart failure with reduced ejection fraction; HR ¼ hazard ratio; MACE ¼ major adverse
cardiovascular event; MI ¼ myocardial infarction; PO ¼ “per os,” by mouth; SGLT2 ¼ sodium-glucose cotransporter-2.
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HF or CV Death in Patients With Chronic HF) trial, in which
dapagliflozin significantly reduced the risk of CV death or
worsening HF, and improved HF-related symptoms in
w4,800 patients with HFrEF. Of note, more than half of
patients in this trial did not have T2D, and there was no
difference in the treatment benefit of dapagliflozin across
the subgroups of patients with or without T2D. Beneficial
effects of dapagliflozin on symptoms, functional status,
and quality of life in patients with HFrEF were also seen in
the DEFINE-HF (Dapagliflozin Effect on Symptoms and
Biomarkers in Patients With HF) trial (51). Additional trials
in both HFrEF and heart failure with preserved ejection
fraction (HFpEF) are ongoing with various agents.
Furthermore, consistent reductions in the
PGL 5.6.0 DTD � JAC27378_p
secondary outcome of risk of kidney disease progression
were seen with all agents in the CV outcomes trials
(although the number of “hard” renal events was small).
The CREDENCE (Evaluation of the Effects of Canagliflozin
on Renal and CV Outcomes in Participants With Diabetic
Nephropathy) trial—the first dedicated renal outcome trial
of the SGLT2 inhibitor class—reported that canagliflozin
significantly reduced the risk of DKD progression,
including development of end-stage kidney disease and
initiation of dialysis. Patients in the CREDENCE trial were
enrolled with an eGFR as low as 30 ml/min/1.73 m2 and
continued to be treated with canagliflozin even if
their eGFR was below that threshold. Benefits and
adverse effects in the group with the lowest eGFR
roof � 24 July 2020 � 4:59 pm � ce
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were consistent with those in the remainder of the
cohort (19).

5.1.1. SGLT2 Inhibitors: Mechanism of Action

SGLT2 is a sodium-glucose cotransporter in the proximal
tubule of the nephron that is responsible for approxi-
mately 90% of urinary glucose reabsorption. Inhibition of
SGLT2 results in glucose lowering through induction of
glucosuria. This effect is more pronounced in the setting
of hyperglycemia, where significant amounts of glucose
are filtered into the urine. Glucosuria diminishes signifi-
cantly as blood glucose normalizes (9). In addition, as
eGFR decreases, the effects of SGLT2 on blood glucose are
smaller. The risk of hypoglycemia for patients taking an
SGLT2 inhibitor is extremely low unless such an agent is
used concomitantly with insulin or insulin secretagogues
(such as sulfonylureas and glinides). Beyond their effect
on blood glucose, SGLT2 inhibitors also cause diuretic and
natriuretic effects, promote weight loss, and lower sys-
tolic blood pressure (52). Interestingly, changes in tradi-
tional risk factors such as elevated HbA1C and lipids do
not seem to be the key determinants of the beneficial ef-
fects of SGLT2 inhibitors on CV and renal outcomes
(20,21). Although the mechanisms of SGLT2 inhibitor
benefit have not been fully elucidated, a number of pu-
tative mechanisms have been proposed, including re-
ductions in preload and afterload through diuresis,
alterations in myocardial metabolism, and prevention of
myocardial fibrosis, among others (53).

5.1.2. SGLT2 Inhibitors and ASCVD Events

The EMPA-REG OUTCOME (Empagliflozin CV Outcome
Event Trial in T2D Patients) trial (12) showed a 14% rela-
tive risk reduction in the primary endpoint of 3-point
MACE (hazard ratio [HR]: 0.86; 95% confidence interval
[CI]: 0.74 to 0.99) compared with placebo. This reduction
in the primary outcome and the observed 32% reduction
in all-cause mortality (HR: 0.68; 95% CI: 0.57 to 0.82) were
driven predominantly by a 38% reduction in CV death
(HR: 0.62; 95% CI: 0.49 to 0.77) (54). The effects of
empagliflozin on fatal or nonfatal MI were more modest,
with confidence intervals that overlapped 1.0 (HR: 0.87;
95% CI: 0.70 to 1.09), and there was no significant dif-
ference in fatal or nonfatal stroke, with confidence in-
terval limits also broadly overlapping 1.0 (HR: 1.18; 95%
CI: 0.89 to 1.56). Importantly, the secondary endpoint of
HF hospitalization was reduced by 35% (HR: 0.65; 95% CI:
0.50 to 0.85). Separation in the cumulative event curves
suggested an early benefit of the compound (55) and was
consistent across patient subgroups with or without
prevalent HF at study entry (56). Empagliflozin is specif-
ically approved by the U.S. Food and Drug Administration
(FDA) to reduce the risk of CV death in adults with T2D
and established CV disease (57).
PGL 5.6.0 DTD � JAC27378_proof �
Two large CV outcomes trials have assessed the impact
of canagliflozin on MACE; the CANVAS (Canagliflozin CV
Assessment Study) and CANVAS-R (Study of the Effects of
Canagliflozin [JNJ-28431754] on Renal Endpoints in Adult
Participants With T2D) trials (13) enrolled 4,330 and 5,812
patients, respectively, 72% of whom had established
ASCVD. Study participants were randomized to placebo or
canagliflozin (100 or 300 mg in CANVAS, and 100 mg with
an optional increase to 300 mg in CANVAS-R). Results
from CANVAS and CANVAS-R are mostly consistent with
those of EMPA-REG OUTCOME. Analyses of the effects of
canagliflozin versus placebo on the secondary endpoints
of CV and all-cause death were directionally consistent
with the primary endpoint (16,58). As with EMPA-REG
OUTCOME, no difference in outcomes was seen between
SGLT2 inhibitor doses. The combined analysis of the 2
CANVAS trials demonstrated a 14% relative reduction in
the primary endpoint of triple MACE (HR: 0.86; 95% CI:
0.75 to 0.97 from 31.5 to 26.9 events per 1,000 person-
years) compared with placebo (16,58). Although CANVAS
was underpowered for the individual components of the
primary outcome and thus none were statistically signif-
icant on their own, the point estimates for each compo-
nent were consistently in favor of SGLT2 inhibitor
therapy—CV death (HR: 0.87; 95% CI: 0.72 to 1.06); fatal or
nonfatal MI (HR: 0.89; 95% CI: 0.73 to 1.09), and fatal or
nonfatal stroke (HR: 0.87; 95% CI: 0.69 to 1.09)—as was
the point estimate for reduction in all-cause mortality
(HR: 0.87; 95% CI: 0.74 to 1.01).

Three-point MACE was a prespecified secondary
outcome of the CREDENCE trial (19), which studied pa-
tients with established DKD (see Table 1). In CREDENCE,
patients randomized to canagliflozin 100 mg daily expe-
rienced a 20% relative risk reduction in the composite
MACE endpoint of CV death, MI, or stroke (HR: 0.80; 95%
CI: 0.67 to 0.95). A qualitatively similar, although not
statistically significant, 17% reduction was seen in all-
cause mortality (HR: 0.83; 95% CI: 0.68 to 1.02). Canagli-
flozin is now approved by the FDA to reduce the risk of
MACE in patients with established CV disease, to prevent
hospitalizations for HF in patients with DKD and albu-
minuria, and to reduce the risk of progression of diabetic
nephropathy.

The DECLARE-TIMI 58 (Multicenter Trial to Evaluate
the Effect of Dapagliflozin on the Incidence of CV
Events-Thrombolysis In Myocardial Infarction 58)
(17,60) is the largest SGLT2 inhibitor trial to date. More
than half of the trial participants did not have estab-
lished ASCVD; the overwhelming majority also had
normal kidney function and no significant albuminuria.
MACE was 1 of 2 primary endpoints, along with the
composite of CV death or hospitalization for HF. In
DECLARE-TIMI 58, patients randomized to receive
dapagliflozin 10 mg compared with placebo had a
24 July 2020 � 4:59 pm � ce
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nonstatistically significant 7% relative risk reduction in
MACE (HR: 0.93; 95% CI: 0.84 to 1.03). Again, this was
quite close to the 7% nonsignificant reduction seen in
all-cause mortality (HR: 0.93; 95% CI: 0.82 to 1.04).
Whether the smaller treatment effect of dapagliflozin 10
mg on reducing MACE seen in DECLARE-TIMI 58 re-
flects the much lower-risk patient cohort (as compared
with EMPA-REG and CANVAS), a true drug-specific ef-
fect, or a combination of both, is not known. Impor-
tantly, dapagliflozin significantly reduced the risk of the
second dual primary endpoint–composite of CV death or
hospitalization for HF (HR: 0.83; 95% CI: 0.73 to 0.95).
The 10-mg dose of dapagliflozin is now approved by the
FDA to reduce the risk of HF in patients with T2D who
have established or are at high risk for ASCVD. The re-
sults of the VERTIS-CV trial (Cardiovascular Outcomes
Following Ertugliflozin Treatment in Type 2 Diabetes
Mellitus Participants with Vascular Disease) were pre-
sented at the American Diabetes Association Virtual
Scientific Sessions on June 16, 2020. The risk of the
primary endpoint of CV death, nonfatal MI, or stroke
was similar in the ertugliflozin and placebo groups (HR
0.97%, 95% CI 0.85-1.11), and ertugliflozin reduced the
rate of hospitalization for heart failure (59). A prospec-
tive CV outcomes trial of SGLT2 inhibitor ertugliflozin
(60) and the SGLT2 and SGLT1 inhibitor sotagliflozin
(61) is currently underway.

5.1.3. SGLT2 Inhibitors in Patients With and Without

Established ASCVD

A recently published meta-analysis of data from CANVAS,
CREDENCE, DECLARE-TIMI 58, and EMPA-REG
OUTCOME reported a 12% reduction in MACE (HR: 0.88;
95% CI: 0.82 to 0.94) with no statistically significant
interaction based on primary versus secondary preven-
tion (P interaction ¼ 0.252) (62). Note that these obser-
vations do not apply to the effect of SGLT2 inhibitors on
the risk of hospitalization for HF or progression of DKD,
which are outlined in the following text.

5.1.4. SGLT2 Inhibitors and HF Events

HF is increasingly common and is a source of considerable
morbidity and mortality for patients with diabetes. All of
the published randomized trials, as well as several
observational studies of claims databases and registries,
have demonstrated substantial benefits for an SGLT2 in-
hibitor in the prevention of hospitalization for HF and in
the composite of hospitalization for HF and CV death.

The effects of SGLT2 inhibitors on HF hospitalization
appear remarkably consistent across the class. In the
EMPA-REG OUTCOME trial, CV death or hospitalization for
HF was an exploratory secondary outcome. Patients
PGL 5.6.0 DTD � JAC27378_p
randomized to empagliflozin had a 34% reduction in this
endpoint (HR: 0.66; 95% CI: 0.55 to 0.79) (12). The indi-
vidual effects on HF hospitalization alone (HR: 0.65; 95%
CI: 0.50 to 0.85) were similar. In the CANVAS program, a
33% reduction in HF hospitalization was seen (HR: 0.67;
95% CI: 0.52 to 0.87). In CREDENCE, patients randomized
to canagliflozin experienced a 39% relative risk reduction
in HF hospitalization (HR: 0.61; 95% CI: 0.47 to 0.80) (48).
The composite of CV death or hospitalization for HF was
one of the dual primary endpoints in DECLARE-TIMI 58, in
which patients randomized to receive dapagliflozin had a
17% relative risk reduction in that dual primary endpoint
(HR: 0.83; 95% CI: 0.73 to 0.95) compared with placebo.
This reduction was driven by a 27% reduction in HF hos-
pitalization (HR: 0.73; 95% CI: 0.61 to 0.88) (60). This
observation was consistent regardless of whether patients
had a history of established HF or ASCVD at the time of trial
enrollment.

Importantly, in the CV outcome trials of patients with
T2D, w90% of patients did not have HF at baseline;
moreover, those who did were not well-characterized in
terms of ejection fraction, natriuretic peptides, symptom
burden, or adequacy of guideline-directed optimal medi-
cal therapy for HF. Therefore, while the effects of SGLT2
inhibitors on prevention of HF were clear and consistent,
whether they would also be effective in the treatment of
patients with established HF (including those with and
without T2D) was unclear. The recent DAPA-HF trial was
specifically designed to address these knowledge gaps.
DAPA-HF enrolled patients with HFrEF on contemporary
HF therapy, more than half of whom did not have dia-
betes, and demonstrated a 26% relative reduction in the
risk of CV death or worsening of HF (HR: 0.74; 95% CI:
0.65 to 0.85), as well as independent reduction in CV
death (HR: 0.82; 95% CI: 0.69 to 0.98) and reduced HF-
related symptom burden. Importantly, these results
were consistent regardless of presence or absence of T2D
(47), and dapagliflozin is now approved for treatment of
HF in patients with and without T2D (63). In the DEFINE-
HF trial—a smaller multicenter randomized trial of pa-
tients with HFrEF (with and without T2D) in the United
States—dapagliflozin also significantly improved HF-
related symptoms, functional status, and quality of life
after just 12 weeks of treatment, although there was no
significant difference in mean N-terminal pro–B-type
natriuretic peptide, the study’s coprimary endpoint (51).
Indeed, the role of SGLT2 inhibitors in both the preven-
tion and treatment of HFrEF appears poised to expand.
Multiple ongoing trials will further elucidate the optimal
role of SGLT2 inhibitors in patients with HFrEF and
HFpEF.
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TABLE 2
Doses, Indications, Dose Modifications, Contraindications, Cautions, and Adverse Effects of SGLT2 Inhibitors With
Demonstrated CV Benefit

Canagliflozin Dapagliflozin Empagliflozin

Recommended
doses for CV
benefit*

n 100 mg PO daily n 10 mg PO daily n 10 mg PO daily

Indications n Improve glycemic control in adults with T2D as an
adjunct to diet and exercise

n Reduce risk of MI, stroke, or CV death in adults with T2D
and CV disease

n Reduce the risk of end-stage kidney disease, doubling of
serum creatinine, CV death, and hospitalization for HF in
patients with T2D and diabetic nephropathy with
albuminuria

n Improve glycemic control in adults with
T2D as an adjunct to diet and exercise

n Reduce the risk of hospitalization for HF in
adults with T2D and established CV disease
or multiple CV risk factors

n Reduce the risk of CV death and hospitali-
zation for HF in adults with HFrEF

n Improve glycemic control in
adults with T2D as an adjunct
to diet and exercise

n Reduce risk of CV death in
adults with T2D and estab-
lished CV disease

Dose
modifications

n eGFR 30 to 59 ml/min/1.73 m2: max dose 100 mg daily
n eGFR <30 ml/min/1.73 m2: use is not recommended for

glycemic control

n eGFR <45 ml/min/1.73 m2: use is not rec-
ommended for glycemic control

n eGFR <30 mL/min/1.73 m2: use is
contraindicated.

n eGFR <45 mL/min/1.73 m2:
use is not recommended.

Contraindications n History of serious hypersensitivity reaction to drug
n Pregnancy or breastfeeding
n On dialysis
n eGFR <30 mL/min/1.73 m2 (dapagliflozin)
n ESRD (dapagliflozin and empagliflozin)
n Severe renal impairment (empagliflozin)

Cautions n Discontinue at least 3 days before a planned surgery to prevent postoperative ketoacidosis.
n If HbA1c well-controlled at baseline, or known history of frequent hypoglycemic events, wean or stop sulfonylurea or glinide and consider

reducing total daily insulin dose by w20% when starting therapy.
n May contribute to intravascular volume contraction; consider stopping or reducing diuretic dose if applicable.
n Use with caution in patients with prior amputation, severe peripheral neuropathy, severe peripheral vascular disease, or active diabetic

foot ulcers or soft tissue infections.
n Possible increased risk of bone fractures (canagliflozin)

Adverse effects
to monitor

n Genital fungal infections
n Urinary tract infections
n Euglycemic diabetic ketoacidosis
n Lower limb ulcerations and soft tissue infections

*Because there is no evidence of a graded dose response regarding CV and renal effects, SGLT2 inhibitors with CV benefit should be initiated at the lowest dose tested in CV and renal
outcomes trials. Those doses are listed here. No further dose titration is needed for CV or renal risk reduction. However, dose increases may provide further glucose reduction benefits if
indicated.

CV ¼ cardiovascular; eGFR ¼ estimated glomerular filtration rate; ESRD ¼ end-stage renal disease; HbA1c ¼ hemoglobin A1c; HF¼ heart failure; PO ¼ “per os,” by mouth; SGLT2 ¼
sodium-glucose cotransporter-2; T2D ¼ type 2 diabetes.
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5.1.5. SGLT2 Inhibitors and Renal Events

In patients with T2D, canagliflozin, dapagliflozin, and
empagliflozin have demonstrated favorable effects on
kidney function (13,16,60,64,65). CREDENCE was the first
trial of patients with established DKD and macro-
albuminuria specifically powered to evaluate the effects
of canagliflozin on a primary renal outcome. Patients
randomized to canagliflozin 100 mg had a 30% relative
risk reduction in the primary composite endpoint of end-
stage kidney disease, doubling of serum creatinine, or
renal or CV death (HR: 0.70; 95% CI: 0.59 to 0.82) when
compared with placebo (19). Similar results were seen in
prespecified secondary analyses of CANVAS (HR: 0.60;
95% CI: 0.47 to 0.77), DECLARE-TIMI 58 (HR: 0.53; 95% CI:
0.43 to 0.66), and EMPA REG OUTCOME (HR: 0.54; 95%
CI: 0.40 to 0.75) (12,16,17,19,48) (see Table 1). Mechanisms
to explain these observations may include tubuloglo-
merular feedback, reduction in glomerular hypertension,
containment of hyperfiltration injury, and effects on
sodium-hydrogen exchange.
PGL 5.6.0 DTD � JAC27378_proof �
5.1.6. SGLT2 Inhibitors: Safety Concerns

The contraindications and potential safety concerns of
SGLT2 inhibitors are included in Table 2.

An increased risk for genital mycotic infections (mostly
candida vaginitis in women, balanitis in men) has been
seen with all SGLT2 inhibitors (16,52,66,67). Perineal hy-
giene should be discussed with all individuals placed on
these agents. Although these infections are usually not
serious and tend to resolve with a brief course of anti-
fungal agents, careful education and monitoring should
take place in patients considered to be at high risk of in-
fectious complications, including the immunocompro-
mised (16,52). Although there have been spontaneous
postmarketing reports of pyelonephritis and urosepsis
requiring hospitalization in patients receiving SGLT2 in-
hibitors, large clinical trials have shown no difference in
the rates of any urinary tract infections between SGLT2
inhibitors and placebo. Rare postmarketing reports of
necrotizing fasciitis of the perineum led the FDA to
request a warning be added to SGLT2 inhibitor prescribing
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instructions; whether these very rare but serious in-
fections are causally related to SGLT2 inhibitor use re-
mains unclear (68), and no necrotizing fasciitis safety
signal was seen in DECLARE (60).

Patients taking SGLT2 inhibitors who develop diabetic
ketoacidosis may do so in the absence of significant hy-
perglycemia—often called “euglycemic diabetic ketoaci-
dosis”—although moderate hyperglycemia is common in
these patients. This risk has been shown to be relatively
low in the large randomized controlled trials of patients
with T2D, particularly in those not requiring insulin
therapy (69). Patients with signs or symptoms of ketoa-
cidosis, such as dyspnea, nausea, vomiting, and abdom-
inal pain, should be instructed to discontinue SGLT2
inhibitors and seek immediate medical attention (52).
Providers should be aware of precipitating factors (e.g.,
insulin cessation, prednisone administration, dehydra-
tion, hyperglycemia) and prevention strategies, which
have been reviewed recently (70). Patients should be
encouraged to discuss prevention strategies with their
diabetes care provider. Canagliflozin was associated with
increased risk for lower limb amputation in CANVAS (6.3
versus 3.4 amputations per 1,000 patient-years of obser-
vation after a median follow-up of 126 weeks; p < 0.001)
(13,2), prompting the FDA to add a box warning to the
canagliflozin prescribing information in May 2017 (71). In
CREDENCE, canagliflozin did not have a significantly
higher rate of amputation compared with placebo (12.3
versus 11.2 events/1,000 patient-years, respectively, HR:
1.11; 95% CI: 0.79 to 1.56). This was despite a higher rate of
amputations in CREDENCE compared with CANVAS due
to a higher-risk patient population. However, the
increased scrutiny given to foot exams in CREDENCE may
mitigate the generalizability of that result. A numerical
excess of amputations in the phase III trials with ertugli-
flozin (0.1% [n ¼ 1] with placebo versus 0.5% [n ¼ 8] with
the 15 mg dose) is reported in the prescribing information.
This risk has not been observed with dapagliflozin (in
either DECLARE-TIMI 58 or DAPA-HF trials) or with
empagliflozin in the post-hoc analyses of EMPA-REG
OUTCOME (72–74). The clinical importance of any
possible increase in amputation risk remains unclear, but
caution is suggested in those with a history of peripheral
artery disease, severe peripheral neuropathy, lower ex-
tremity diabetic ulcers, or soft tissue infections. All pa-
tients taking SGLT2 inhibitors should be getting regular
foot exams. Bone fractures (including from low-trauma
events) were observed to be more common among those
treated with canagliflozin than with placebo in CANVAS,
but not in the CANVAS-R or CREDENCE trials, or in any of
the large trials with empagliflozin or dapagliflozin (75).
Last, given a diuretic and antihypertensive effect, SGLT2
inhibitors may increase the risk of volume depletion and
hypotension; in large randomized control trials, this risk
PGL 5.6.0 DTD � JAC27378_p
was slightly higher with canagliflozin than with placebo
but was not increased with empagliflozin or dapagliflozin
(even in patients with HFrEF, nearly all of whom were
treated with loop diuretics) (47). However, it is prudent to
educate patients about signs and symptoms of dehydra-
tion, which may be more of a concern outside the clinical
trial setting. Although there were early potential concerns
about acute kidney injury with SGLT2 inhibitors, these
risks have not been observed in large randomized control
trials to date; in fact, in several trials of SGLT2 inhibitors,
the risk of acute kidney injury was significantly lower
when compared with placebo (19,47). SGLT2 inhibitors
should be discontinued in the context of acute kidney
injury. Large outcome trials in patients with chronic kid-
ney disease, regardless of T2D status, are ongoing, and 1
study, the Dapagliflozin And Prevention of Adverse out-
comes in Chronic Kidney Disease (DAPA-CKD) trial, was
stopped early for evidence of efficacy in patients with
chronic kidney disease (76).

5.2. GLP-1RAs

Specific agents in the GLP-1RA class have also demon-
strated benefits for CV event prevention in patients with
T2D, particularly among patients with established ASCVD.
Albiglutide, dulaglutide, liraglutide, and injectable sem-
aglutide have been shown to reduce MACE (see Table 3).

Exenatide once weekly and oral semaglutide showed
numerically favorable but not statistically significant re-
sults for 3-point MACE when compared with placebo (HR
for exenatide: 0.91; 95% CI: 0.83 to 1.00 and HR for oral
semaglutide: 0.79; 95% CI: 0.57 to 1.11) (77,78). Lixisena-
tide did not lower risk for CV events after an acute coro-
nary syndrome compared with placebo (79). The potential
for clinically relevant heterogeneity within the class ex-
ists, leaving dulaglutide, liraglutide, and injectable sem-
aglutide the currently preferred agents (albiglutide is no
longer available in the United States) (80).

5.2.1. GLP-1RAs: Mechanisms of Action

GLP-1 is a peptide hormone released from the distal ileum
and colon after oral nutrient intake (81). Following
administration of a GLP-1RA, supraphysiological concen-
trations of GLP-1 reduce glucose by increasing glucose-
dependent insulin secretion from beta cells in the
pancreas, by decreasing glucagon secretion, as well as by
delaying gastric emptying, which leads to satiety (81).
GLP-1RAs also have beneficial effects on important de-
terminants of CV risk, including weight loss, blood pres-
sure, and triglyceride reduction as well as anti-
inflammatory effects.

5.2.2. GLP-1RAs: CV Benefits

Most GLP-1RA CV outcomes trials (see Table 3) used a
3-point MACE outcome of CV death, nonfatal MI, or
roof � 24 July 2020 � 4:59 pm � ce



TABLE 3 Summary of the GLP-1RA CV Outcomes Trials

ELIXA
(77)

LEADER
(14)

SUSTAIN-6*
(15) EXSCEL (78) REWIND (16)

PIONEER-6
(79)

Patients enrolled 6,068 9,340 3,297 14,752 9,901 3183

Drug Lixisenatide Liraglutide Semaglutide SQ Exenatide QW Dulaglutide Semaglutide oral

Dose 10 mcg or 20 mcg
per day

1.8 mg or max tolerated
dose per day

0.5 mg or 1 mg
per week

2 mg
per week

1.5 mg
per week

14 mg or max tolerated
dose per day

Median follow-up (years) 2.1 3.8 2.1 3.2 5.4 1.3

Baseline HbA1c 7.7 8.7 8.7 8.0 7.2 8.2

Mean duration of diabetes (years) 9.3 12.8 13.9 12.0 9.5 14.9

Baseline statin use (%) 93 72 73 74 66 85

Baseline prevalence of
ASCVD†/HF (%)

100 81 72 73 31 85

Baseline prevalence of HF (%) 22 18 24 16 9 NR

Primary outcome,
HR (95% CI)‡

4-point MACE
1.02 (0.89–1.17)

3-point MACE
0.87 (0.78–0.97)

3-point MACE
0.74 (0.58–0.95)

3-point MACE
0.91

(0.83–1.00)

3-point MACE
0.88

(0.79-0.99)

3-point MACE
0.79 (0.57-1.11)

CV death, HR (95% CI) 0.98 (0.78–1.22) 0.78 (0.66–0.93) 0.98 (0.65–1.48) 0.88
(0.76–1.02)

0.91
(0.78-1.06)

0.49 (0.27-0.92)

Fatal or nonfatal MI,
HR (95% CI)§

1.03 (0.87–1.22) 0.86 (0.73–1.00) 0.74 (0.51–1.08) 0.97
(0.85–1.10)

0.96
(0.79-1.15)

1.18 (0.73-1.90)

Fatal or nonfatal stroke,
HR (95% CI)§

1.12 (0.79–1.58) 0.86 (0.71-1.06) 0.61 (0.38–0.99) 0.85
(0.70–1.03)

0.76
(0.62-0.94)

0.74 (0.35-1.57)

All-cause mortality,
HR (95% CI)

0.94 (0.78–1.13) 0.85 (0.74–0.97) 1.05 (0.74–1.50) 0.86
(0.77–0.97)

0.90
(0.80–1.01)

0.51 (0.31-0.84)

HF hospitalization,
HR (95% CI)k

0.96 (0.75–1.23) 0.87 (0.73–1.05) 0.86 (0.48–1.55) 0.94
(0.78–1.13)

0.93
(0.77–1.12)k

1.11 (0.77–1.61)

Renal composite outcome¶ 0.84 (0.68–1.02) 0.78 (0.67–0.92) 0.64 (0.46–0.88) 0.88
(0.76–1.01)

0.85
(0.77–0.93)

0.64 (0.46-0.88)

*As noted in the text, SUSTAIN-6 was designed and powered as a noninferiority trial. Testing for superiority for the primary CV outcome was not prespecified.
†SUSTAIN-6 reported that 72.2% of patients had established CV disease with or without chronic kidney disease, and 10.7% had chronic kidney disease without ASCVD.
‡Three-point MACE is a composite of CV death, MI, or stroke. The 4-point MACE used in the ELIXA trial was a composite of CV death, MI, stroke, or hospitalization for unstable angina.
§The risk estimates and 95% CIs for ELIXA, SUSTAIN-6, and PIONEER 6 are for nonfatal MI (excluding fatal MI) or nonfatal stroke (excluding fatal stroke). The effect estimates for the
composite endpoints of fatal or nonfatal MI and fatal or nonfatal stroke were not available in the primary manuscripts.
kUrgent HF visit or hospitalization for HF.
¶The renal composite outcome reported in a recent meta-analysis was a composite of the development of macroalbuminuria, doubling of serum creatinine, a $40% decline in eGFR,
development of end-stage kidney disease, or death due to renal causes (81). For SUSTAIN-6, the renal composite was persistent macroalbuminuria, persistent doubling of serum
creatinine with an eGFR <45 ml/min/1.73 m2 or need for continuous renal replacement therapy.

CI ¼ confidence interval; CV ¼ cardiovascular; ELIXA ¼ Evaluation of CV Outcomes in Patients With T2D After Acute Coronary Syndrome During Treatment With AVE0010 (Lix-
isenatide); EXSCEL ¼ Exenatide Study of CV Event Lowering Trial; GLP-1RA ¼ glucagon-like peptide-1 receptor agonists; HbA1c ¼ hemoglobin A1c; HF ¼ heart failure; HR ¼ hazard
ratio; LEADER ¼ Liraglutide Effect and Action in Diabetes: Evaluation of CV Outcome Results; MACE ¼ major adverse cardiovascular event; MI ¼ myocardial infarction; NR ¼ not
reported; PIONEER-6 ¼ A Trial Investigating the CV Safety of Oral Semaglutide in Subjects With T2D; QW ¼ once weekly; REWIND ¼ Researching Cardiovascular Events With a Weekly
Incretin in Diabetes; SQ ¼ subcutaneous; SUSTAIN-6 ¼ Trial to Evaluate CV and Other Long-term Outcomes With Semaglutide in Subjects With T2D.
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nonfatal stroke. Inclusion criteria varied across trials. The
LEADER (Liraglutide Effect and Action in Diabetes: Eval-
uation of CV Outcome Results) trial randomized 9,340
patients with established ASCVD (81% of the total) or
older patients with ASCVD risk factors (19% of the total) to
either liraglutide or placebo (14). The 3-point MACE
composite was reduced by 13% (HR: 0.87; 95% CI: 0.78 to
0.97) with liraglutide versus placebo. All components of
the composite contributed to a reduction in 3-point
MACE, and all-cause mortality was reduced by 15% (HR:
0.85; 95% CI: 0.74 to 0.97). The reduction in all-cause
mortality was driven by a reduction in CV death. No sta-
tistically significant reduction in HF events was noted
(HR: 0.87; 95% CI: 0.73 to 1.05).

The SUSTAIN-6 (Trial to Evaluate CV and Other Long-
term Outcomes With Semaglutide in Subjects With T2D)
PGL 5.6.0 DTD � JAC27378_proof �
enrolled 3,297 patients using the same trial inclusion
criteria and the same primary composite endpoint as
LEADER (15). Semaglutide given subcutaneously reduced
3-point MACE by 26% (HR: 0.74; 95% CI: 0.58 to 0.95),
with consistent effects for the key components of
nonfatal stroke (HR: 0.61; 95% CI: 0.38 to 0.99) and
nonfatal MI (HR: 0.74; 95% CI: 0.51 to 1.08). No reduction
in all-cause mortality (HR: 1.05; 95% CI: 0.74 to 1.50), CV
mortality (HR: 0.98; 95% CI: 0.65 to 1.48), or HF hospi-
talization (HR: 1.11; 95% CI: 0.77 to 1.61) was observed.

In the REWIND (Researching CV Events With a Weekly
Incretin in Diabetes) (18) trial—which enrolled 9,901 pa-
tients, most of whom did not have a prior ASCVD event—
dulaglutide reduced the risk of 3-point MACE by 12% (HR:
0.88; 95% CI: 0.79 to 0.99). These results were consistent
across the subgroups of patients with and without known
24 July 2020 � 4:59 pm � ce
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ASCVD and were driven by a 24% reduction in the risk of
stroke (HR: 0.76; 95% CI: 0.62 to 0.94). To date, liraglu-
tide, semaglutide SC, and dulaglutide are approved by the
FDA to reduce the risk of MACE in adults with T2D and
established CV disease, with dulaglutide being the only
agent also approved for CV disease reduction in patients
without established ASCVD (57).

Other trials, including PINOEER-6 (A Trial Investigating
the CV Safety of Oral Semaglutide in Subjects With T2D),
EXSCEL (The Exenatide Study of CV Event Lowering), and
ELIXA (Evaluation of CV Outcomes in Patients With T2D
After Acute Coronary Syndrome During Treatment With
AVE0010 [Lixisenatide]) are summarized in Table 3. A
recent meta-analysis suggests that this class of medica-
tions may offer modest reductions in the risk of hospi-
talization for HF, although this appears to be driven by
the results from the CV outcome trial for albiglutide,
rather than being a consistent effect for all medications in
this class (80,82).

5.2.3. GLP-1RA in Patients With and Without Established ASCVD

A meta-analysis of the data from ELIXA, EXSCEL,
LEADER, and SUSTAIN-6 reported a 12% (HR: 0.88; 95%
CI: 0.84 to 0.94) relative reduction in the risk of MACE
across those trials. However, the benefit appeared to be
confined to those with established ASCVD (HR: 0.87; 95%
CI: 0.82 to 0.92) and was not seen in those with CV risk
factors but no established ASCVD (HR: 1.03; 95% CI: 0.87
to 1.23; P-heterogeneity 0.028) (50). However, the
HARMONY-OUTCOMES (Effect of Albiglutide, When
Added to Standard Blood Glucose Lowering Therapies, on
MACE in Subjects With T2D), PIONEER-6, and REWIND
trials were not included in this prior meta-analysis. In
REWIND, the dulaglutide point estimate for MACE in
primary prevention was identical to that for secondary
prevention (HR: 0.87; 95% CI: 0.74 to 1.02 for both), and
dulaglutide is currently the only GLP-1RA approved for CV
disease risk reduction in patients both with and without
established ASCVD (83). A subsequent meta-analysis that
included these more recent data from HARMONY-
OUTCOMES, PIONEER-6 and REWIND reported a risk of
3-point MACE of HR 0.86 (95% CI: 0.79 to 0.94) among
those with established CV disease and 0.95 (95% CI: 0.83
to 1.08) among those without (p interaction ¼ 0.22) (80).

5.2.4. GLP-1RAs and Renal Events

Although it has yet to be confirmed in a randomized trial
with a primary renal outcome, existing studies suggest
that some of the GLP-1RAs may provide modest renal
benefits (see Table 3). A meta-analysis of ELIXA, EXSCEL,
LEADER, and SUSTAIN-6 showed a 17% reduction in a
composite renal outcome of development of macro-
albuminuria, doubling of serum creatinine or decline in
eGFR $40%, development of end-stage kidney disease, or
PGL 5.6.0 DTD � JAC27378_p
death due to kidney disease (HR: 0.83; 95% CI: 0.78 to
0.89) (80). That same meta-analysis reported that while
GLP-1RAs reduced the risk of adverse kidney outcomes
when considering a broad composite endpoint, the ben-
efits appeared to be driven by reductions in proteinuria.
No significant improvements were seen for eGFR, in
contrast to what has been observed for SGLT2 inhibitors
(80). The FLOW (A Research Study to See How Semaglu-
tide Works Compared to Placebo in People With Type 2
Diabetes and Chronic Kidney Disease) trial will test the
effects of injectable semaglutide versus placebo on a
composite renal outcome of persistent eGFR
decline $50%, end-stage renal disease, renal death, or
death from CV disease in patients with T2D and chronic
kidney disease (84).

5.2.5. GLP-1RAs and Weight

Weight loss, ranging from 2% to 4% of total body weight
for dulaglutide, exenatide, and liraglutide, and 4 to 6 kg
(85) for semaglutide at standard glucose-lowering doses,
can be expected with use of a GLP-1RA (18,86,87). GLP-
1RAs appear to modestly lower blood pressure.
Compared with placebo, use of liraglutide produced a 20%
reduction in the occurrence of confirmed hypoglycemia
and a 31% reduction in severe hypoglycemia (14). These
observations of lower rates of hypoglycemia among those
randomly assigned to receive an active GLP-1RA are
consistent across the class.

5.2.6. GLP-1RAs: Safety Concerns

The contraindications and potential safety concerns of
GLP-1RAs are included in Table 4.

The most frequently reported side effects of GLP-1RAs
are nausea and vomiting (60). These gastrointestinal
symptoms are usually transient for longer-acting GLP-
1RAs and can be mitigated by escalating the dose gradu-
ally (88) and educating patients to reduce meal size.
GLP-1RAs may also increase the risk of gallbladder dis-
ease, including acute cholecystitis (14,15). Caution should
be used in patients with prior gastric surgery (89,90).
GLP-1RAs can lead to modest elevations in heart rate,
although the clinical relevance of these effects is unclear
(83,91,92). GLP-1RAs are unlikely to cause hypoglycemia
on their own, but they may increase the risk of hypogly-
cemia when used in combination with insulin or insulin
secretagogues—most commonly sulfonylureas (52).
Although postmarketing case reports have suggested
possible associations between GLP-1RAs and acute
pancreatitis, none of the large trials has demonstrated any
increase in the risk of pancreatitis (14); that being said,
patients at high pancreatitis risk were generally excluded
from the trials. These agents should be discontinued if
pancreatitis occurs. The FDA and the European Medicines
Agency have not identified a link between this class of
roof � 24 July 2020 � 4:59 pm � ce



TABLE 4
Doses, Indications, Dose Modifications, Contraindications, Cautions, and Adverse Effects of GLP-1RAs With Demon-
strated CV Benefit

Dulaglutide Exenatide QW Liraglutide Lixisenatide Semaglutide SC Semaglutide PO

Recommended
doses for CV
benefit

n Initiate 0.75 mg SC
per week

n Titrate slowly to
1.5 mg or maximally
tolerated dose based
on prescribing
information.

n 2 mg SC per week n Initiate 0.6 mg
SC daily.

n Titrate slowly to
1.8 mg or maxi-
mally tolerated
dose based on
prescribing
information.

n 10 mcg SC daily
n Titrate as toler-

ated to 20 mcg
daily based on
prescribing
information.

n Initiate 0.25 mg
SC per week.

n Titrate slowly to
1 mg once weekly
or maximally
tolerated dose
based on pre-
scribing
information.

n Initiate 3 mg PO
per day for the first
30 days.

n Titrate slowly to 14
mg daily or maxi-
mally tolerated
dose based on pre-
scribing
information.

Indications n Improve glycemic con-
trol in adults with T2D.

n Reduce MACE for peo-
ple with T2D with and
without established CV
disease.

n Improve glycemic
control in adults
with T2D.

n Improve glycemic
control in adults
with T2D.

n Reduce risk of MI,
CVA, or CV death
in adults with T2D
and CV disease.

n Improve glycemic
control in adults
with T2D.

n Improve glycemic
control in adults
with T2D.

n Reduce risk of MI,
CVA, or CV death
in adults with T2D
and CV disease.

n Improve glycemic
control in adults
with T2D.

Dose
modifications

n Up-titrate slowly to
reduce nausea and
vomiting.

n Discontinue if pancrea-
titis is suspected and
do not restart if
pancreatitis is
confirmed.

n No dose adjustment
necessary with renal or
hepatic impairment;
data in end-stage renal
disease are limited.

n Discontinue if
pancreatitis is
suspected and do
not restart if
pancreatitis is
confirmed.

n eGFR <45 mL/
min/1.73 m2:
Use is not
recommended.

n Up-titrate slowly
to reduce nausea
and vomiting.

n Discontinue if
pancreatitis is
suspected and do
not restart if
pancreatitis is
confirmed.

n No dose adjust-
ment is necessary
with renal or he-
patic impairment.

n Up-titrate slowly
to reduce nausea
and vomiting.

n Discontinue if
pancreatitis is
suspected, and do
not restart if
pancreatitis is
confirmed .

n eGFR $30 mL/
min/1.73 m2:
No dosage
adjustment is
required.

n eGFR 15 to 29 mL/
min/1.73 m2: Use
caution and
monitor renal
function.

n eGFR <15 mL/
min/1.73 m2:
Use is not
recommended.

n Up-titrate slowly
to reduce nausea
and vomiting.

n Discontinue if
pancreatitis is
suspected and do
not restart if
pancreatitis is
confirmed.

n No dose adjust-
ment is necessary
with renal or he-
patic impairment.

n Up-titrate slowly
to reduce nausea
and vomiting.

n Discontinue if
pancreatitis is sus-
pected and do not
restart if pancrea-
titis is confirmed.

n No dose adjust-
ment is necessary
with renal or he-
patic impairment.

Contraindications n History of serious hypersensitivity reaction to drug
n Pregnancy or breast feeding
n Severe renal impairment or end-stage renal failure (exenatide, lixisenatide)
n Personal or family history of medullary thyroid cancer
n Personal or family history of MEN2

Cautions n Hypoglycemia risk increased with insulin, sulfonylureas, or glinides.
n May delay gastric emptying; not recommended in patients with clinically meaningful gastroparesis. This effect is usually transient with

longer-acting GLP-1Ras.
n Care should be taken in patients with prior gastric surgery, including bariatric surgery.
n Diabetic retinopathy complications were reported with semaglutide (injectable), although it is unclear if this is a direct effect of the drug

or due to other factors such as rapid improvement in blood glucose control.

Adverse effects
to monitor

n Nausea, vomiting, diarrhea, headache, weakness, or dizziness
n Hypoglycemia when given with insulin, sulfonylureas, or glinides.
n Weight loss
n Injection site reactions

CV ¼ cardiovascular; CVA ¼ cerebrovascular accident; eGFR ¼ estimated glomerular filtration rate; GLP-1RA ¼ glucagon-like peptide-1 receptor agonist; MACE ¼ major adverse
cardiovascular events; MEN2 ¼ multiple endocrine neoplasia, type 2; MI ¼ myocardial infarction; PO ¼ “per os,” by mouth; QW ¼ once weekly; SC ¼ subcutaneous; T2D ¼ type 2
diabetes.

Das et al. J A C C V O L . - , N O . - , 2 0 2 0

2020 Novel Therapies for CV Risk With T2D Pathway - , 2 0 2 0 :- –-

14
drugs and either pancreatitis or pancreatic cancer (88). In
the SUSTAIN-6 trial, diabetic retinopathy complications
were reported with injectable semaglutide, although it is
unclear if this is a direct effect of the drug or due to other
factors such as rapid improvement in blood glucose con-
trol. Therefore, patients should be advised to undergo
appropriate, guideline-recommended eye examinations
before starting therapy if an examination has not been
completed within the last 12 months (75). This is currently
PGL 5.6.0 DTD � JAC27378_proof �
being studied prospectively in the FOCUS (Semaglutide
Compared to Placebo Affects Diabetic Eye Disease in
People with Type 2 Diabetes) trial (NCT03811561).

5.3. Considerations for Optimal Therapy Initiation and
Treatment Individualization

The CV benefits of many SGLT2 inhibitors and GLP-1RAs
appear robust, creating new options to improve the CV
outcomes of patients with T2D and CV disease. There are
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several circumstances in which clinicians might consider
starting 1 of these agents with demonstrated CV benefit
(see Table 5).

We recommend initiating a patient-clinician discussion
about the use of an SGLT2 inhibitor and/or a GLP-1RA with
demonstrated CV benefit at the time of a clinical follow-
up visit for patients with T2D who have or who are at
very high risk for clinical ASCVD, HF, and/or DKD.

Because of the evidence outlined in this ECDP, an
SGLT2 inhibitor with demonstrated CV benefit is recom-
mended for patients with T2D and HF, especially HFrEF,
or who are at high risk of developing HF, DKD, clinically
evident ASCVD, or any combination of these conditions. A
new diagnosis of T2D in a patient with clinical ASCVD,
DKD, and/or HFrEF or a new diagnosis of clinical ASCVD,
DKD, and/or HFrEF in a patient with T2D offers the op-
portunity to begin a patient-clinician discussion about
starting an SGLT2 inhibitor proven to improve CV
outcomes.

A GLP-1RA with demonstrated CV benefit is recom-
mended for patients with established or at very high risk
for ASCVD. Alternatively, or in conjunction with a
patient-clinician discussion, consider discussing these
medications with the clinician caring for the patient’s
blood glucose control. Furthermore, a new diagnosis of
T2D in a patient with clinical ASCVD (or at very high risk
for ASCVD) or a new diagnosis of clinical ASCVD in a pa-
tient with T2D offers the opportunity to begin a patient-
clinician discussion about starting a GLP-1RA proven to
improve CV outcomes.

Patients with T2D may become eligible for initiation of
these therapies if they are subsequently hospitalized or
diagnosed with ASCVD, HF, and/or DKD (57). It is impor-
tant to note that hospitalized patients were not included
TABLE 5 Opportunities to Initiate an SGLT2 inhibitor or a GLP-1RA

n In a patient with T2D and ASCVD (SGLT2 inhibitor or GLP-1RA)

n At the time of diagnosis of clinical ASCVD (SGLT2 inhibitor or GLP-1RA), DKD, a
not include an SGLT2 inhibitor or GLP-1RA with CV benefit

n At the time of diagnosis of T2D in a patient with clinical ASCVD (SGLT2 inhib

n At hospital discharge (with close outpatient follow-up) after admission for an

n In a patient with T2D and diabetic kidney disease (SGLT2 inhibitor, alternativ

n In patients determined to be at high risk of ASCVDk (SGLT2 inhibitor or GLP-

*At the time of hospital discharge or in the outpatient setting. Increased vigilance regarding h
or glinide therapy.
†A minority of patients included in the CANVAS, LEADER, SUSTAIN-6, and EXSCEL trials and
prevention patients. These patients did not have established ASCVD but did have prespecifie
‡Use clinical judgement when initiating an SGLT2 inhibitor in a patient who will be starting o
§Hospitalized patients were not included in most of the CV outcome trials discussed here. The
or GLP-1RAs to a patient’s regimen.
kConsider for patients at very high risk of ASCVD to include patients with end-organ damage
age, hypertension, smoking, dyslipidemia, obesity).

ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin reception blocker; ASCVD ¼ ath
Study; CV ¼ cardiovascular; DKD ¼ diabetic kidney disease; eGFR ¼ estimated glomerular filtra
glucagon-like peptide-1 receptor agonist; HF ¼ heart failure; LEADER ¼ Liraglutide Effec
Researching CV Events With a Weekly Incretin in Diabetes; SGLT2 ¼ sodium-glucose cotra
Semaglutide in Subjects With T2D;T2D ¼ type 2 diabetes.

PGL 5.6.0 DTD � JAC27378_p
in most of the CV outcome trials discussed within this
ECDP, and hospital inpatient formularies may not include
these agents (93). However, outpatient adherence to
therapy after an acute CV event can be favorably influ-
enced by initiation of medications at discharge. These
factors must be weighed if contemplating in-hospital
addition of SGLT2 inhibitors or GLP-1RAs. Because T2D
is common among patients with ASCVD, DKD, and/or HF,
CV specialists should consider periodic screening for T2D
in these patients by measuring HbA1c at guideline-
recommended intervals (e.g., annually in patients with
prediabetes). Patients with ASCVD or at high risk of
ASCVD and/or HF should consider initiation of an SGLT2
inhibitor or GLP-1RA with demonstrated CV benefit irre-
spective of HbA1c levels (2). Whether these should be
initiated with metformin is an active discussion topic that
is addressed later in this ECDP.

Although canagliflozin, dapagliflozin, and empagli-
flozin have differences in their FDA-approved CV in-
dications, they appear to have broadly similar CV and
renal benefits. The choice of an individual agent should
be made after appropriate patient-clinician discussion of
benefits and potential risks. Because there is no evidence
of a graded dose response vis-à-vis CV and renal effects,
SGLT2 inhibitors with CV benefit should be initiated at the
lowest dose tested in CV and renal outcomes trials (e.g.,
100 mg for canagliflozin, 10 mg for dapagliflozin, 10 mg for
empagliflozin). No further dose titration is needed for CV
or renal risk reduction, although doses may be increased
by the clinician managing the patient’s glucose and car-
diologists should make patients aware that this may
happen for non-CV disease/renal risk reduction reasons.

Among the GLP-1RAs, data support the use of dula-
glutide, liraglutide, or injectable semaglutide as having
With Demonstrated CV or Renal Benefit in Patients With T2D*

nd/or HF (SGLT2 inhibitor)† in a patient with T2D on a drug regimen that does

itor or GLP-1RA), DKD, and/or HF (SGLT2 inhibitor)†‡

ASCVD (SGLT2 inhibitor or GLP-1RA) or HF (SGLT2 inhibitor) event§

ely GLP-1RA for eGFR <30 ml/min/1.73 m2)‡

1RA) or HF (SGLT2 inhibitor)†‡

ypoglycemia surveillance is warranted, especially if on background insulin, sulfonylurea,

a majority of patients in the REWIND trial could be characterized as high-risk primary
d ASCVD risk factors.
r up-titrating an ACE inhibitor or ARB if the patient’s renal function is impaired.
re is a lack of practical and safety data regarding in-hospital addition of SGLT2 inhibitors

such as left ventricular hypertrophy or retinopathy or with multiple CV risk factors (e.g.,

erosclerotic cardiovascular disease; CANVAS ¼ Canagliflozin Cardiovascular Assessment
tion rate; EXSCEL ¼ Exenatide Study of Cardiovascular Event Lowering Trial; GLP-1RA ¼
t and Action in Diabetes: Evaluation of Cardiovascular Outcome Results; REWIND ¼
nsporter-2; SUSTAIN-6 ¼ Trial to Evaluate CV and Other Long-term Outcomes With

roof � 24 July 2020 � 4:59 pm � ce



Das et al. J A C C V O L . - , N O . - , 2 0 2 0

2020 Novel Therapies for CV Risk With T2D Pathway - , 2 0 2 0 :- –-

16
demonstrated CV benefit to reduce the risk of MACE. In
accordance with randomized controlled trials, a GLP-1RA
with demonstrated CV benefit should be initiated at the
lowest dose and up-titrated stepwise to the doses used in
the trials or the otherwise maximal tolerated dose. Prior
to initiating T2D therapies aimed at CV disease risk
reduction, a detailed patient-clinician risk discussion is
recommended (94). This discussion should review risks,
potential benefits, and different treatment options. Spe-
cifically, potential side effects, drug–drug interactions,
and safety issues should be explained clearly, patient
preference and other concerns elicited, and cost dis-
cussed, because SGLT2 inhibitors and GLP-1RAs can be
expensive and out-of-pocket costs could be considerable
for many patients (95).

5.3.1. Should I Recommend an SGLT2 inhibitor or a GLP-1RA for

My Patient?

Because many SGLT2 inhibitors and GLP-1RAs have been
demonstrated to have CV benefit in patients with T2D,
patient-clinician discussions regarding use of these
agents must include discussion of which specific agent is
most appropriate (see Table 5). As noted, patient prefer-
ences and medical history can help guide that decision.
The SGLT2 inhibitors with demonstrated CV benefit
reduce MACE, incident HF, HF hospitalization, and CV
death for patients with established HFrEF and also reduce
progression of DKD, but increase the risk of genital
mycotic infections, polyuria, and potential volume
depletion in the context of hyperglycemia, and possible
additional risks of rare events as previously outlined. Use
clinical judgement when initiating an SGLT2 inhibitor in a
patient who will be starting or up-titrating an
angiotensin-converting enzyme (ACE) inhibitor or angio-
tensin reception blocker (ARB) if the patient’s renal
function is impaired. GLP-1RAs with demonstrated CV
benefit reduce MACE and progression of macro-
albuminuria but are associated with transient nausea and
vomiting, especially when initiating therapy or up-
titrating doses, and with possible additional risks of rare
events as previously outlined. Both classes of agents have
nonglycemic benefits in systolic blood pressure and
weight and have a low risk of hypoglycemia on their own
or when used with metformin and other oral glucose-
lowering medications (except for insulin secretagogues).
Notably, the SGLT2 inhibitor dapagliflozin was used safely
even in patients without diabetes in the DAPA-HF trial
(47). Differences in the route of administration (oral for
SGLT2 inhibitors, subcutaneous or oral for GLP-1RA) may
influence patient and clinician decision making; however,
the injectable GLP-1RAs are given with a small needle and
pen device to ease administration and patient acceptance.
The first oral GLP-1RA, semaglutide, has now been
approved by the FDA for improving glycemic control in
PGL 5.6.0 DTD � JAC27378_proof �
patients with T2D (96). Cost should also be considered, as
insurance coverage for these agents can vary signifi-
cantly. The clinical importance of any possible increase in
the amputation risk remains unclear, but caution is sug-
gested when starting a SGLT2 inhibitor in those with a
history of peripheral artery disease, severe peripheral
neuropathy, lower extremity diabetic ulcers, or soft tissue
infections. For patients with active proliferative retinop-
athy (especially if HbA1c is high and significant rapid
reduction is expected), consider a GLP-1RA alternative to
semaglutide SQ. Furthermore, the use of GLP-1RAs in
patients with active gallbladder disease or a history of
pancreatitis has not been studied, so caution is suggested
when using a GLP-1RA in these patient populations.

Figures 2 and 3 provide guidance for managing CV dis-
ease risk in patients with T2D using a SGLT2 inhibitors
and GLP-1RAs.

Table 6 outlines patient and clinician preferences and
priorities to consider when selecting 1 of these therapies.
Tables 7 and 8 provide an overview of considerations for
initiating and monitoring an SGLT2 inhibitor and a
GLP-1RA.

5.3.2. Do Patients Need to Be on Metformin Before Initiating an

SGLT2 Inhibitor or a GLP-1RA? Can an SGLT2 inhibitor and/

or a GLP-1RA Be Used for CV Protection in Patients With

Well-Controlled HbA1c?

Although the pivotal trials that showed evidence of CV
benefit for many SGLT2 inhibitors and GLP-1RAs enrolled
a high proportion (approximately 75%) of patients who
were treated with metformin at baseline (12,14,16), a
substantial minority of patients were not receiving met-
formin. This ECDP is focused on the cardioprotective ef-
fects of SGLT2 inhibitors and GLP-1RAs, rather than their
glucose-lowering effects, and there has been no evidence
to suggest that the cardioprotective effects vary according
to whether patients were taking metformin at baseline. In
the EMPA-REG OUTCOME and LEADER trials, no evidence
was found to suggest that the effects of either empagli-
flozin or liraglutide were modified by baseline medication
use, including metformin. Perhaps the strongest evidence
that the CV effects of these agents are independent of
both HbA1c and background antidiabetic agent use come
from the DAPA-HF trial, in which most patients did not
have T2D and were not on glucose-lowering therapies at
baseline and yet still experienced an identical reduction
in CV death or worsening HF (49). Current ADA guidelines
continue to recommend metformin as first-line therapy
for glucose-lowering in patients with T2D (97). In
contrast, the most recent European Society of Cardiology/
European Association for the Study of Diabetes guidelines
now recommend starting with an SGLT2 inhibitor or GLP-
1RA before metformin in newly diagnosed T2D patients
who are treatment naïve and either have established CV
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FIGURE 2 Using an SGLT2 inhibitor to Manage ASCVD, HF, and DKD Risk

J A C C V O L . - , N O . - , 2 0 2 0 Das et al.
- , 2 0 2 0 :- –- 2020 Novel Therapies for CV Risk With T2D Pathway

17

PGL 5.6.0 DTD � JAC27378_proof � 24 July 2020 � 4:59 pm � ce



p
ri
n
t
&
w
e
b
4
C
=F

P
O

FIGURE 3 Using a GLP-1RA to Manage ASCVD Risk
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TABLE 6
Patient and Clinician Preferences and Priorities for Considering SGLT2 Inhibitors With Demonstrated CV Benefit Versus
GLP-1RAs With Demonstrated CV Benefit

Preference or Priority
Consider Using an SGLT2 Inhibitor First When Patient and Clinician

Priorities Include:
Consider Using a GLP-1RA First When Patient

and Clinician Priorities Include:

MACE prevention þþþ þþþ
HF prevention þþþ
Weight loss þ þþþ
Renal disease progression

prevention
þþþ þ

Mode of administration Oral Subcutaneous

Considerations that may prompt
use of an alternative class

n Severely reduced kidney function*,†
n History of prior amputation, severe peripheral arterial disease, or

active diabetic foot ulcers (caution with canagliflozin)
n History of recurrent genital candidiasis
n History of diabetic ketoacidosis
n History of fracture (caution with canagliflozin)
n The patient is considering pregnancy
n The patient is breast feeding

n Persistent nausea, despite appropriate di-
etary education and low doses

n History of gastroparesis
n Active gallbladder disease
n History of MEN2 or medullary thyroid cancer
n History of proliferative retinopathy (caution

with semaglutide or dulaglutide)
n The patient is considering pregnancy
n The patient is breast feeding

*eGFR<45 ml/min/1.73 m2 is currently a caution due to a decrease in glycemic efficacy (not due to safety), but ongoing studies are testing whether SGLT2 inhibitors offer renal benefits
in these patients. The FDA label for canagliflozin allows use of canagliflozin to an eGFR of 30 ml/min/1.73m2 specifically for patients with DKD.
†Use clinical judgement when initiating an SGLT2 inhibitor in a patient who will be starting or up-titrating an ACE inhibitor or ARB if the patient’s renal function is impaired

ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin reception blocker; CV ¼ cardiovascular; DKD ¼ diabetic kidney disease; eGFR ¼ estimated glomerular filtration rate;
FDA ¼ Food and Drug Administration; GLP-1RA ¼ glucagon-like peptide-1 receptor agonist; HF ¼ heart failure; MACE ¼ major adverse cardiovascular event; MEN2 ¼ multiple
endocrine neoplasia type 2; SGLT2 ¼ sodium-glucose cotransporter-2.
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disease or are at very high CV disease risk (22). We expect
that most patients with T2D and CV disease will continue
to be treated with metformin along with an SGLT2 in-
hibitor and/or GLP-1RA with proven CV benefit. Accord-
ingly, decisions regarding initiation of an SGLT2 inhibitor
(for CV or kidney risk reduction) or a GLP-1RA (for CV risk
reduction) should not be contingent on HbA1c levels.
Nevertheless, if an SGLT2 or GLP-1RA is added to the
regimen of a patient with well-controlled T2D, dose
adjustment of background medications may be required
to avoid hypoglycemia in the context of insulin, sulfo-
nylurea, or glinide therapy, particularly in patients at or
near glycemic goals (see Sections 5.4 and 5.5). Full efforts
to achieve glycemic and blood pressure targets and to
adhere to lipid, antiplatelet, antithrombotic, and smoking
cessation guidelines should continue after an SGLT2
inhibitor or GLP-1RA is added.
TABLE 7
Considerations for Drug Initiation and Monitoring in Pa
CV Benefit

n If HbA1c is well-controlled at baseline, or known history of frequent hypogly
insulin dose by w20% when starting therapy.

n Educate patients regarding potential for genital mycotic infections and impor

n Avoid hypovolemia. May need to reduce diuretic dose if the patient has symp
(lightheadedness, orthostasis, weakness) and to hold medication if low oral i

n Instruct patients to more closely monitor glucose at home for the first 4 week
discontinuing any sulfonylurea or glinide. For patients taking insulin, conside

n Educate patients regarding symptoms of diabetic ketoacidosis (nausea, vomitin
blood glucose readings are in the 150–250 mg/dL range. If patient experience
urgent medical attention.

n Educate patients regarding foot care, especially in patients with diabetic neu

CV ¼ cardiovascular; HbA1c ¼ hemoglobin A1c; SGLT2 ¼ sodium-glucose cotransporter-2.
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5.3.3. Should SGLT2 Inhibitors and GLP-1RAs

Be Used Concomitantly?

To date, no trials have studied the CV outcome effects of
concomitant use of both an SGLT2 inhibitor and a GLP-
1RA with demonstrated CV benefit. DURATION-8 (Phase
3 28-Week Study With 24-Week and 52-Week Extension
Phases to Evaluate Efficacy and Safety of Exenatide Once
Weekly and Dapagliflozin Versus Exenatide and Dapagli-
flozin Matching Placebo) demonstrated greater reductions
in blood pressure and body weight in patients randomly
allocated to the combination of dapagliflozin and exena-
tide than to either agent alone (97). Combination therapy
with both an SGLT2 inhibitor and a GLP-1RA for glycemic
management also accords with current T2D management
guidelines (22,75). In randomized, placebo-controlled
trials, dulaglutide, liraglutide, and semaglutide have
shown an additive glucose-lowering benefit over placebo
tients Starting an SGLT2 Inhibitor With Demonstrated

cemic events, wean or stop sulfonylurea and consider reducing total daily

tance of genital hygiene.

toms of dehydration. Educate patients regarding symptoms of dehydration
ntake.

s of therapy (especially if on insulin, sulfonylurea, and/or glinides). Consider
r modestly reducing total daily insulin dose (by up to 20%).

g, abdominal pain, weakness) and that diabetic ketoacidosis can occur even if
s diabetic ketoacidosis-like symptoms, he/she should be instructed to seek

ropathy. Ask patients to report any foot wounds immediately.
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TABLE 8 Considerations for Drug Initiation and Monitoring in Patients Starting a GLP-1RA With Demonstrated CV Benefit

n If HbA1c is well-controlled at baseline or known history of frequent hypoglycemic events, wean or stop sulfonylurea and consider reducing total daily insulin
dose by w20% when starting therapy.

n Instruct patients to more closely monitor glucose at home for the first 4 weeks of therapy. Consider discontinuing any sulfonylurea or glinide. For patients
taking insulin, consider modestly reducing total daily insulin dose (by up to 20%).

n Discontinue DPP-4 inhibitor before starting.

n To mitigate nausea, recommend small portion sizes for meals, start at the lowest dose, and up-titrate as tolerated toward the goal doses used in CV outcome
trials.

n Advise patients to undergo appropriate, guideline-recommended eye examinations before starting therapy if not done within the last 12 months.

n Discuss potential risk of diabetic retinopathy complications (for dulaglutide or injectable semaglutide).

n Avoid in patients with diabetic gastroparesis or active gallbladder disease.

CV ¼ cardiovascular; DPP4 ¼ dipeptidyl peptidase-4; GLP-1RA ¼ glucagon-like peptide-1 receptor agonist; HbA1c ¼ hemoglobin A1c.
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in patients treated with background SGLT2 inhibitors,
suggesting some independence of effect (98–100).
Therefore, it appears reasonable to use both an SGLT2
inhibitor and a GLP-1RA, with demonstrated CV benefit,
concomitantly, if clinically indicated, even though such
combination therapy has not been studied for CV risk
reduction. Note that the out-of-pocket cost of using both
classes of drugs may be very high for some patients.

5.4. What to Monitor When Prescribing an SGLT2 Inhibitor

Patients starting an SGLT2 inhibitor should be informed
about the higher risk of genital mycotic infections, and
that this risk could be lowered with careful attention to
personal hygiene of the perineum. Topical antifungal
agents can be used for initial treatment if mycotic in-
fections occur, although in practice, effective treatment
of the infection may require temporary discontinuation of
the SGLT2 inhibitor. Oral antifungals can be used but
require close attention to corrected QT interval (QTc)
duration in patients who are also taking certain antiar-
rhythmic agents or other QTc-prolonging drugs.

Patients should also be informed about the potential
risk of hyperglycemic or euglycemic diabetic ketoacidosis,
taught prevention strategies, and advised to seek imme-
diate care if they develop symptoms potentially associ-
ated with diabetic ketoacidosis (e.g., nausea, vomiting,
abdominal pain, generalized weakness). Home moni-
toring with urine ketone test strips may be a reasonable
choice in some higher-risk patients. To avoid precipi-
tating diabetic ketoacidosis, avoid initial reductions in
total daily insulin dose of >20%. Patients on a complex
insulin regimen or with a history of labile blood glucose
should have an SGLT2 inhibitor initiated in collaboration
with the clinician caring for the patient’s diabetes.
Conversely, patients requiring only oral glucose-lowering
medications are at lower risk of euglycemic diabetic
ketoacidosis. Approximately 5% to 10% of adult-onset
diabetes is late-onset type 1 (101). These patients have
an increased risk of diabetic ketoacidosis, and there are
no CV outcomes trial data for patients with type 1
diabetes.
PGL 5.6.0 DTD � JAC27378_proof �
Patients taking insulin or an insulin secretagogue (i.e.,
a sulfonylurea or glinide) should be advised of the risk of
hypoglycemic events when adding an SGLT2 inhibitor for
CV benefit, especially if HbA1c is already well-controlled
at baseline. In these patients, discontinuing or weaning
the sulfonylurea or glinide or modestly reducing total
daily insulin dose by up to 20% could reduce the risk of
hypoglycemia. These dose adjustments of insulin or sul-
fonylureas should be considered a reasonable starting
point, but any adjustments should be based on clinical
judgment and should be tailored specifically to each pa-
tient’s needs and requirements. Complex insulin regi-
mens or “brittle” diabetes should be carefully managed in
coordination with the patient’s diabetes care provider.
These patients should be advised to self-monitor blood
glucose levels closely during the first 3 to 4 weeks after
initiating SGLT2 inhibitors. In contrast, the risk of hypo-
glycemia is not significantly increased with the addition
of SGLT2 inhibitors in patients who are not taking either
insulin or an insulin secretagogue, although it is possible
that dose adjustments of other agents may occasionally
be needed.

Patients should additionally be advised that a diuretic
effect may be observed with SGLT2 inhibitors and
potentially additive natriuretic effects when SGLT2 in-
hibitors are administered with loop diuretics (102). Pa-
tients should be advised to monitor for signs of volume
depletion such as orthostatic lightheadedness and to
contact their clinician if these occur. For patients on
concomitant loop diuretics starting an SGLT2 inhibitor,
decreasing the diuretic dose may be warranted if these
symptoms occur. Therapy with SGLT2 inhibitors may
cause a modest initial decrease in eGFR. However, longer-
term nephroprotective effects have been consistently
observed in large clinical trials, and no increase in acute
kidney injury (and in some cases, significantly lower risk
of acute kidney injury) was seen in SGLT2 inhibitor trials,
so this should not hinder use of these agents. Monitoring
renal function in the first few weeks of therapy is
reasonable, particularly in patients with impaired renal
function at baseline. Consider alternatives to
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canagliflozin when prescribing an SGLT2 inhibitor to pa-
tients with a history of prior amputations, severe pe-
ripheral neuropathy, severe peripheral artery disease, or
active lower-extremity soft tissue ulcers or infections
(16,19). All patients should be getting regular foot exams
in accordance with ADA Standards of Medical Care for
Diabetes (103).

5.5. What to Monitor When Prescribing a GLP-1RA

The strategy to reduce hypoglycemic events with a GLP-
1RA is the same as that for SGLT2 inhibitors. Patients
initiating a GLP-1RA should be informed that transient
nausea is a relatively common side effect. Nausea and
vomiting can be minimized by starting with the lowest
dose, up-titrating gradually according to the label rec-
ommendations, ceasing uptitration when the nausea be-
comes uncomfortable, and eating smaller portions. A low-
fat diet can also help. This nausea does not imply
gastrointestinal pathology and is usually self-limited in
patients treated with longer-acting GLP-1RAs. However,
GLP-1RAs should be used with caution in patients who
have had problems with clinically significant gastro-
paresis. If treatment is suspended, reinitiation should
again be at the lowest dose, with gradual up-titration to
avoid recurrent nausea and vomiting. GLP-1RA should not
be coadministered with DPP4 inhibitors given that both
work through GLP-1 signaling and have not been studied
for use together. An increased risk of diabetic retinopathy
complications has been noted with semaglutide, pre-
dominantly in patients with a prior history of proliferative
retinopathy. Therefore, these patients should have regu-
lar eye examinations, as recommended by the current
guidelines (57).

5.5.1. Systems Factors in Caring for Patients With T2D and

CV Disease

Challenges to utilization of and adherence to evidence-
based and guideline-recommended therapies remain
(37,104). CV specialists have recognized preventing
morbid CV outcomes as central to their clinical mission
and have typically taken ownership of therapies that are
effective in preventing such outcomes. Because of their
effects on MACE, specific SGLT2 inhibitors and GLP-1RAs
are the newest examples of therapies that support this
goal. However, some CV specialists may be reluctant to
use them, perhaps because these agents were originally
approved for glucose reduction, or due to incomplete
knowledge of their benefits and/or risks, lack of famil-
iarity with their use and monitoring, or systems factors
that discourage CV specialists from using them. One po-
tential approach to optimizing their use would be
employing what might be called the “consultative”
approach, in which the discussion of these agents is
encouraged in conversations or communication with the
PGL 5.6.0 DTD � JAC27378_p
clinician caring for the patient’s diabetes and/or with the
patient. This approach requires clear, open communica-
tion and does not require the CV specialist to or preclude
them from initiating and monitoring these medications.
An alternative might be a more comprehensive “team”

approach, such as that which has been implemented for
patients with other chronic diseases, such as human im-
munodeficiency virus, or organ transplantation. Members
of the care team for patients with diabetes include pri-
mary care physicians, endocrinologists, cardiologists,
podiatrists, ophthalmologists, pharmacists, nurses,
advanced practice providers, and dietitians. With both
approaches, the key elements are patient-centered care,
shared decision making, and integration across disci-
plines and patient care roles. Given the data supporting
comprehensive CV risk reduction in patients with T2D, CV
clinicians should be both champions and change agents as
strong advocates for our patients, recognizing unmet
needs in healthcare delivery, and extending our comfort
zone in implementing the use of new evidence-based
therapies that reduce CV event rates.

5.6. Unresolved Questions

Several important clinical questions regarding the use of
SGLT2 inhibitors and GLP-1RAs remain unanswered:

1. What are the benefits and risks of using both classes of
medications simultaneously? Current guidelines do
suggest the use of both classes of medications in some
patient groups, but whether combination therapy leads
to further improvements in outcome is unknown (22).

2. Should an SGLT2 inhibitor or a GLP-1RA be the initial
therapy in drug-naïve patients with T2D and ASCVD?

3. What is the role for these medications in patients who
do not have DKD or established ASCVD but are at high
risk? Here again, the data are incomplete, although we
and others recommend their use in patients with a high
burden of risk factors for CV disease (22).

4. Finally, an important challenge facing CV medicine in
general is how to prioritize, sequence, and to reduce
the risk of major CV events in this population by
choosing among an array of novel therapies, including
icosapent ethyl, proprotein convertase subtilisin/kexin
type 9 inhibitors, antiplatelet and antithrombotic
medications, anti-inflammatory therapies, and the
classes of medications discussed in this ECDP.

The writing committee emphasizes the importance of
these drugs to CV specialists on the basis of their effects
on CV risk reduction rather than a direct effect through
glucose lowering. However, increased vigilance to avoid
hypoglycemia in patients with HbA1c near or below target
levels at SGLT2 inhibitor or GLP-1RA initiation is war-
ranted, especially if the patient’s existing T2D therapies
include sulfonylureas, glinides, or insulin (see Sections
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5.4, and 5.5). Ongoing trials will seek to address the role of
an SGLT2 inhibitor and a GLP-1RA for CV event reduction
in a wide array of populations, including those with
chronic kidney disease and HFrEF and HFpEF (with and
without T2D).

6. DISCUSSIONS AND IMPLICATION OF PATHWAY

The paradigm of how the CV specialist should approach
the care of patients with T2D is changing, and that change
is reflected in this ECDP. Previously, CV specialists
focused on risk factor optimization in patients with dia-
betes. Medications used for glycemic control were not
adjusted by CV specialists, in part because they were not
expected to demonstrate direct CV benefit. However, the
recent development of SGLT2 inhibitors and GLP-1RAs
has, for the first time, demonstrated that specific treat-
ments developed for glucose lowering can directly
improve CV outcomes. In large, well-conducted, ran-
domized clinical trials, specific medications in these 2
classes have been proven to reduce rates of acute MI,
stroke, and CV death in patients with T2D (most with
established ASCVD). SGLT2 inhibitors also have strong
data supporting an HF benefit, even in patients without
T2D, and improvement in renal outcomes. These benefits
appear to be independent of their effects on HbA1c. Thus,
CV specialists now need to incorporate these agents into
their care of patients with T2D, and coordinate care with
the primary diabetes care providers, to optimize clinical
outcomes in patients with diabetes.

This ECDP provides a practical guide to CV specialists
for the initiation and monitoring of SGLT2 inhibitors and
GLP-1RAs with the express goal of reducing CV risk. This
ECDP and associated treatment algorithms should be used
in concert with established risk factor modification
guidelines for the prevention of MACE in patients with
T2D, including guidelines on lipids (34,35), blood pressure
(33), and antiplatelet therapy (36). This ECDP should also
be applied in the context of guideline-directed diabetes
care (75). Although intended to facilitate clinical decision
PGL 5.6.0 DTD � JAC27378_proof �
making, the information provided in this ECDP should
complement, rather than supersede, good clinical judge-
ment. The treatment of patients with T2D and CV disease
is increasingly complex. It involves physicians and
advanced practice providers across a wide array of spe-
cialties, including primary care, endocrinology, cardiol-
ogy, nephrology, podiatry, and ophthalmology. It also
involves associated providers such as nurses, pharma-
cists, and dieticians. Ultimately, the main goals of care for
these high-risk patients should be improving survival and
quality of life. Achieving these important goals requires a
team-based approach to achieve optimal outcomes. If
used appropriately, the SGLT2 inhibitors and GLP-1RAs
discussed in this ECDP should significantly reduce CV
morbidity and mortality in these patients. The writing
committee has highlighted the potential benefits and
risks associated with these novel therapies and has sought
to provide a context for the rational use of these medi-
cations. Further evidence is still emerging, and other CV
outcomes trials are currently underway. As such, this area
of care for affected patients is likely to continue evolving
rapidly. We anticipate that the algorithms proposed here
will change as new evidence emerges but that the over-
arching goal of improving CV outcomes in patients with
T2D and clinical ASCVD will remain consistent.
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APPENDIX 3. ABBREVIATIONS
ACC ¼ American College of Cardiology

ADA ¼ American Diabetes Association

AHA ¼ American Heart Association

ASCVD ¼ atherosclerotic cardiovascular disease

CV ¼ cardiovascular

DKD ¼ diabetic kidney disease

ECDP ¼ Expert Consensus Decision Pathway

eGFR ¼ estimated glomerular filtration rate

FDA ¼ U.S. Food and Drug Administration

GLP-1RA ¼ glucagon-like peptide-1 receptor agonist
PGL 5.6.0 DTD � JAC27378_p
HbA1c ¼ hemoglobin A1c

HF ¼ heart failure

HFpEF ¼ heart failure with preserved ejection fraction

HFrEF ¼ heart failure with reduced ejection fraction

HFSA ¼ Heart Failure Society of America

MACE ¼ major adverse cardiovascular event

MI ¼ myocardial infarction

SGLT2 ¼ sodium-glucose cotransporter-2

T2D ¼ type 2 diabetes
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