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Cardiovascular disease (CVD) 
is the leading cause of death 
and morbidity in people with 

diabetes. In 2017, the total cost of di-
agnosed diabetes in the United States 
was $327 billion (1), and CVD is 
the largest contributor to the direct 
and indirect costs of diabetes (2,3). 
Diabetes is a well-established risk fac-
tor for CVD; in a retrospective study 
of nearly 1.4 million individuals 
with type 2 diabetes in the Quintiles 
Electronic Medical Record database, 
21.6% of eligible individuals had 
CVD (4). Deaths from heart disease 
are two to four times higher among 
adults with type 2 diabetes compared 
with those without (5). The American 
College of Cardiology guidelines in-
clude the presence of type 2 diabetes 
as a risk factor for CVD (6). Although 
preventing and managing CVD in pa-
tients with type 2 diabetes involves as-
sessing for and addressing risk factors 
such as hypertension and dyslipidemia 

(3), glycemic control is also import-
ant, as demonstrated in several stud-
ies, which will be discussed.

In type 2 diabetes, the U.K. 
Prospective Diabetes Study (UKPDS) 
demonstrated that improved glycemic 
control with intensive therapy with 
either sulfonylureas or insulin was 
associated with a significant reduc-
tion in the risk of microvascular, but 
not macrovascular, complications 
(7). Data from a 10-year follow-up 
of the UKPDS, however, suggested 
that improved glycemic control also 
resulted in significant cardiovascular 
(CV) benefits (8). Interestingly, after 
the randomized phase of the study 
ended, glycemic control no longer 
differed between the intensive and 
standard groups. The fact that a mac-
rovascular benefit emerged over the 
long term, despite a relatively short 
period of better glycemic control, 
suggests in the case of the newly diag-
nosed individuals with type 2 diabetes 
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■ IN BRIEF Cardiovascular disease is the leading cause of morbidity and 
mortality in people with diabetes, and deaths from heart disease are two to 
four times higher among adults with type 2 diabetes. Trials such as the U.K. 
Prospective Diabetes Study, ACCORD (Action to Control Cardiovascular Risk in 
Diabetes), ADVANCE (Action in Diabetes and Vascular Disease: Preterax and 
Diamicron MR Controlled Evaluation), and VADT (Veteran’s Affairs Diabetes 
Trial) produced mixed findings regarding whether intensive glycemic control 
results in improved cardiovascular (CV) outcomes for patients with diabetes. 
In response to concerns, including the CV safety of the thiazolidinedione 
rosiglitazone, the U.S. Food and Drug Administration and subsequently the 
European Medicines Agency issued guidance that trials should be conducted 
to prove that antihyperglycemic agents have acceptable CV risk profiles. In this 
article, the authors review the study designs and results of CV outcomes trials 
conducted with sodium–glucose cotransporter 2 inhibitors and glucagon-like 
peptide 1 receptor agonists and discuss how these may affect clinical practice.
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who were enrolled in the UKPDS 
that early aggressive control of glucose 
is important after diagnosis.

Three later, shorter-term studies in 
patients with longstanding diabetes 
included middle-aged and older indi- 
viduals with established type 2 dia-
betes who were at a high risk of CV 
events: ACCORD (Action to Control 
Cardiovascular Risk in Diabetes) (9), 
ADVANCE (Action in Diabetes and 
Vascular Disease: Preterax and Diami-
cron MR Controlled Evaluation) (10), 
and VADT (Veterans Affairs Diabetes 
Trial) (11). All of these studies failed 
to demonstrate any statistically sig-
nificant reduction in composite CV 
endpoints with intensive glucose con-
trol (targeted to A1C <6.0 or 6.5%).

A meta-analysis of these trials did 
show a reduction in the risk of major 
CV events, particularly myocardial 
infarction (MI), with more inten-
sive glucose control (12). It should be 
noted, however, that composite end-
points may not be the best indicator 
in these types of studies because they 
can often be driven by just one of the 
components, which may be of lesser 
importance. Furthermore, the study 
populations varied widely among 
studies.

A Brief History of CV Outcome 
Trials
In 2008, in the wake of concerns 
about the CV safety of the thiazoli-
dinedione rosiglitazone in patients 
with type 2 diabetes (13), the U.S. 
Food and Drug Administration 
(FDA) issued guidance that CV 
safety trials should be conducted to 
prove that antihyperglycemic agents 
have acceptable CV risk profiles (14). 
These recommendations include: 
1) an upper bound of the 95% CI 
<1.3 for the risk ratio of important 
CV events to be used as a key crite-
rion for excluding unacceptable CV 
risk for new antihyperglycemic agents; 
2) a requirement that studies must in-
clude individuals with relatively ad-
vanced disease, elderly patients, and 
patients with some degree of renal 
impairment; 3) a requirement that a 

minimum of 2 years’ CV safety data 
be provided; 4) a requirement that all 
phase 2 and phase 3 studies should 
include a prospective independent 
adjudication of CV events and that 
adjudicated events should include CV 
mortality, MI, and stroke (i.e., major 
adverse CV events [MACE]) and can 
include hospitalization for acute cor-
onary syndrome (ACS), urgent revas-
cularization procedures, and possibly 
other endpoints; and 5) to satisfy the 
new statistical guidelines, the analysis 
of CV events may include a meta- 
analysis of all placebo-controlled tri-
als, add-on trials (i.e., drug vs. placebo, 
each added to standard therapy), and 
active-controlled trials, and/or an ad-
ditional single, large safety trial may 
be conducted that alone or added to 
other trials would be able to satisfy 
an upper bound of 1.8 for the risk 
ratio before a new drug application/ 
biologics license application is ap-
proved. Post-marketing studies should 
then be conducted to demonstrate an 
upper bound ≤1.3, unless the estimat-
ed risk ratio was already shown to be 
<1.3 (14,15). Similar requirements 
have also been set out by the European 
Medicines Agency (EMA) (16).

Since 2008, 13 CV outcome trials 
(CVOTs) have been performed and 
their results published, with many 
others ongoing (17). Early CVOTs 
with the dipeptidyl peptidase 4 
(DPP-4) inhibitors alogliptin (18), 
sitagliptin (19), and saxagliptin (20) 
showed no increase in risk of MACE 
in patients with CVD compared to 
placebo, but there was an increase 
in hospitalization for heart failure 
(HF) with saxagliptin (20). In the 
CARMELINA (Cardiovascular and 
Renal Microvascular Outcome Study 
with Linagliptin in Patients with Type 
2 Diabetes Mellitus) trial, linagliptin 
demonstrated CV safety with no 
increase in risk of HF but not superior-
ity versus placebo (21). More recently, 
other CVOTs have studied the CV 
safety of the injectable glucagon-like 
peptide 1 (GLP-1) receptor agonists 
lixisenatide in the ELIXA (Evaluation 
of Lixisenatide in Acute Coronary 

Syndrome) trial (22), liraglutide in 
the LEADER (Liraglutide Effect 
and Action in Diabetes: Evaluation 
of Cardiovascular Outcome Results) 
trial (23), semaglutide in SUSTAIN-6 
(Trial to Evaluate Cardiovascular and 
Other Long-term Outcomes with 
Semaglutide in Subjects with Type 
2 Diabetes) (24), extended-release 
exenatide in the EXSCEL (Exenatide 
Study of Cardiovascular Event 
Lowering) trial (25), albiglutide in the 
Harmony Outcomes (A Long Term, 
Randomised, Double Blind, Placebo-
Controlled Study to Determine 
the Effect of Albiglutide, When 
Added to Standard Blood Glucose 
Lowering Therapies, on Major 
Cardiovascular Events in Patients 
With Type 2 Diabetes Mellitus) 
trial (26), and dulaglutide in the 
REWIND (Researching cardiovas-
cular Events with a Weekly INcretin 
in Diabetes) trial (27–29). Similarly, 
CV safety in the treatment of type 2 
diabetes has been demonstrated for 
the sodium–glucose cotransporter 2 
(SGLT2) inhibitors empagliflozin in 
EMPA-REG OUTCOME (BI 10773 
[Empagliflozin] Cardiovascular Out-
come Event Trial in Type 2 Diabetes 
Mellitus Patients) (30,31), canagli-
flozin in the CANVAS (Canagliflozin 
Cardiovascular Assessment Study) 
Program (32), and dapagliflozin in the 
DECLARE–TIMI 58 (Dapagliflozin 
Effect on Cardiovascular Events– 
Thrombolysis in Myocardial In- 
farction 58) trial (33,34).

All CVOTs conducted to date 
with injectable GLP-1 receptor ago-
nists (ELIXA [22], LEADER [23], 
SUSTAIN-6 [24], EXSCEL [25], 
Harmony Outcomes [26], and 
REWIND [28]) or SGLT2 inhib-
itors (EMPA-REG OUTCOME 
[30,31], the CANVAS Program [32], 
and DECLARE–TIMI 58 [34]) 
have successfully demonstrated CV 
safety. Some have also indicated a 
potential CV benefit for these agents, 
such as a significantly lower risk of 
MACE with liraglutide in LEADER 
(23), with albiglutide in Harmony 
Outcomes (26), and with semaglu-

F
E

A
T

U
R

E
 A

R
T

IC
L

E
D

ow
nloaded from

 http://ada.silverchair.com
/clinical/article-pdf/37/4/316/501184/316.pdf by guest on 13 M

arch 2024



3 1 8 	 C L I N I C A L . D I A B E T E S J O U R N A L S . O R G

F E AT U R E  A R T I C L E

tide in SUSTAIN-6 (24); reduction 
in CV outcomes with dulaglutide in 
REWIND (28); reductions in MACE, 
CV mortality, and total mortality 
versus placebo with empagliflozin 
in EMPA-REG OUTCOME (30);  
reduction in MACE with canagli-
flozin in the CANVAS Program (32); 
and reduction in CV death or hospi-
talization for HF with dapagliflozin 
in DECLARE–TIMI 58 (34).

Although the four completed 
DPP-4 inhibitor trials demonstrated 
CV safety (18–21,32), there was no 
indication of superiority and an unex-
pected increase in hospitalization for 
HF with saxagliptin (20). This article 
will therefore focus on recent CVOTs 
conducted using GLP-1 receptor ago-
nists and SGLT2 inhibitors.

Comparing CVOTs
Although regulatory authorities have 
provided guidance on CVOTs, they 
have not specified the exact proto-
col these trials should follow. The 
result of this lack of specification is 
that CVOTs performed to date dif-
fer markedly in terms of factors that 
could affect outcomes such as patient 
characteristics, duration of type 2 di-
abetes, severity of CVD history, and 
study duration. Because of this dis-
parity in trial design, comparisons of 
CVOT outcomes need to be carefully 
considered in the context of all patient 
population and design differences. 
The potential impact of some of the 
differences in study design and patient 
characteristics on outcomes and the 
comparison of findings between stud-
ies are discussed hereafter.

GLP-1 Receptor Agonist CVOTs

Study Designs
There were a number of differences 
in the study designs and character-
istics of enrolled patients among the 
six injectable GLP-1 receptor agonist 
CVOTs (3). The dulaglutide trial dif-
fered from previous CVOTs, which 
were designed to show noninferiority 
to placebo with respect to CV events, 
by testing the hypothesis that dulaglu-
tide was superior to placebo (27,28). 

Whereas the lixisenatide, liraglutide, 
semaglutide, albiglutide, and dulaglu-
tide trials were standard randomized, 
placebo-controlled trials, the EXSCEL 
exenatide study was a pragmatic trial, 
the only such CVOT to date.

Pragmatic trials are designed to 
more closely reflect the routine care 
situation but are less controlled than 
conventional randomized controlled 
trials (RCTs). The EXSCEL trial 
included integration with usual care, 
and patients were managed by their 
usual care physicians but had study 
visits at least twice yearly (6-month 
visits after year 1), supported by tele-
phone contact (35). The EXSCEL 
trial had a broad range of eligibility 
criteria so its results could be more 
generalizable to daily clinical prac-
tice; 73% of enrolled patients had 
prior CV events, and 27% did not. 
Prior CV events were defined as a his-
tory of major clinical manifestation 
of coronary artery disease, ischemic 
cerebrovascular disease, or atheroscle-
rotic peripheral vascular disease (25).

Furthermore, the level of exposure 
to the study drug during the course 
of the trials may have affected the 
results. Exposure, as defined by the 
mean percentage of time that a partic-
ipant received the trial regimen, was 
lower in the EXSCEL trial compared 
with other RCTs of GLP-1 receptor 
agonists and similar to that in the 
ELIXA trial (36). Different factors 
may lead to differences in drug expo-
sures. For example, a shorter trial 
duration in the lixisenatide study 
and longer duration in the dulaglutide 
REWIND trial (median follow-up 
5.4 years), a high rate of dropouts 
and lower adherence to the study drug 
perhaps due to an inconvenient pen 
device in the exenatide study, and a 
higher discontinuation rate among 
the U.S. population in the liraglutide 
trial (27 vs. 13% in the non-U.S. pop-
ulation) all could have affected drug 
exposures (22,23,25,28).

Primary Endpoints
The primary endpoint for all six GLP-1 
receptor agonist trials was first oc-

currence of a composite of MACE; 
the liraglutide, semaglutide, exenati-
de, albiglutide, and dulaglutide trials 
used a three-point MACE composite 
(CV death, nonfatal MI, or nonfatal 
stroke), and the lixisenatide study used 
a four-point MACE composite, which 
also included hospitalization for unsta-
ble angina (UA) (Table 1). Data from 
CVOTs suggest that hospitalization 
for UA is difficult to influence with 
glucose-lowering agents, which may 
dilute any treatment effect for the 
composite endpoint. Effectively, the 
addition of hospitalization for UA may 
make it more likely that noninferiori-
ty is demonstrated but may also mask 
potential CV benefits or harm (37).

Glycemic Control
The definition of “routine care” var-
ied among studies, particularly with 
regard to glycemic control. In the 
lixisenatide trial, decisions regarding 
glycemic control and intensification of 
therapy were at the discretion of the 
investigators according to local guide-
lines. Although no A1C targets were 
specified, this treatment approach was 
expected to produce similar glycemic 
control in both study arms. In the 
semaglutide trial, investigators were 
encouraged to treat all patients ac-
cording to local guidelines to achieve 
the most effective glycemic control. In 
the liraglutide trial, the recommended 
target for glycemic control was A1C 
≤7.0% (or individualized target at the 
investigator’s discretion), with intensi-
fication of therapy if not at target. In 
the exenatide trial, investigators were 
encouraged to promote glycemic equi-
poise between the two trial groups, 
although this was not a requirement, 
and to help patients reach clinically 
appropriate A1C targets. In the albi-
glutide trial, glycemic goals (based on 
local guidelines) were determined by 
the investigators and intensification 
of therapy was also at their discretion. 
In the dulaglutide trial, investigators 
were encouraged to manage patients’ 
glucose levels with any medication 
except a GLP-1 receptor agonist ac-
cording to their best judgment, as 
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informed by local clinical practice 
guidelines. Although the impact of 
more intensive glycemic control on 
CVD is debated, differences in the 
level of glycemic control should be 
considered when making comparisons 
of the study findings.

Inclusion and Exclusion Criteria
Inclusion and exclusion criteria dif-
fered among the trials, most marked-
ly in the lixisenatide trial, in which 
only patients with a recent history 
of acute coronary events within 180 
days of screening were enrolled, while 
the occurrence of an acute coronary 
event in the previous 14 days or 90 
days was an exclusion criterion for 
the liraglutide and semaglutide trials, 
respectively. Patients in the liraglu-
tide trial who were ≥50 years of age 
were required to have at least one 
CVD coexisting condition, whereas 
those aged ≥60 years were required to 
have at least one CVD risk factor. In 
the semaglutide trial, those aged ≥50 
years were required to have established 
CVD, chronic HF, or chronic kidney 
disease (CKD), whereas those aged 
≥60 years were required to have at 
least one CVD risk factor. The exen-
atide trial had wide-ranging inclusion 
criteria, with no upper age limit and 
any degree of CV risk. In the albiglu-
tide trial, patients were required to 
have established disease of the coro-
nary (MI, ≥50% stenosis in at least 
one coronary artery, or previous cor-
onary revascularization), cerebrovas-
cular (ischemic stroke, ≥50% carotid 
artery stenosis, or a previous carotid 
vascular procedure), or peripheral ar-
terial (intermittent claudication and 
an ankle-brachial index <0.9, non-
traumatic amputation, or a previous 
peripheral vascular procedure) circula-
tion. In the dulaglutide trial, patients 
aged 50–54 years had to have previous 
CVD, those aged 55–59 years had to 
have either previous CVD or evidence 
of other vascular or renal disease, and 
those aged ≥60 years had to have pre-
vious CVD, other vascular or renal 
disease, or at least two other CV risk 
factors.
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Baseline Characteristics
The lixisenatide, liraglutide, sema-
glutide, exenatide, albiglutide, and 
dulaglutide studies included 6,068, 
9,340, 3,297, 14,752, 9,463, and 
9,901 patients, respectively. Overall, 
patients enrolled in the lixisenatide 
trial were somewhat younger, with a 
shorter diabetes duration and lower 
BMI compared with the liraglutide, 
semaglutide (which had similar trial 
design), and exenatide trials (Table 2). 
Patients in the albiglutide trial had the 
longest duration of diabetes. The du-
laglutide trial had the lowest baseline 
A1C (7.3%) and a high proportion 
of women (46%). The proportion of 
patients with CVD at baseline (ac-
cording to the individual study defi-
nitions) was 100% in the lixisenatide 
and albiglutide trials, 81% in the lira-
glutide trial, 83% in the semaglutide 
trial, 73% in the exenatide trial, and 
31% in the dulaglutide trial. There 
were also differences among the stud-
ies in participants’ ethnic origins and 
geographical locations, which have 
been reported to influence response 
to glycemic therapy (38).

Outcomes

Primary Endpoints
All six trials achieved their primary 
objective of demonstrating noninfe-
riority to placebo in terms of their 
primary endpoint (Figures 1 and 2). 
However, significant reductions in 
MACE were reported with liraglutide 
(13.0 vs. 14.9%, hazard ratio [HR] 
0.87, 95% CI 0.78–0.97, P <0.001 
for noninferiority, P = 0.01 for su-
periority) (23), semaglutide (6.6 vs. 
8.9%, HR 0.74, 95% CI 0.58–0.95, 
P <0.001 for noninferiority, P = 0.02 
[nominal] for superiority) (24), albi-
glutide (7 vs. 9%, HR 0.78, 95% CI 
0.68–0.90, P <0.0001 for noninferi-
ority, P = 0.0006 for superiority) (26), 
and dulaglutide (12.0 vs. 13.4%, HR 
0.88, 95% CI 0.79–0.99, P = 0.026 
for superiority) (28). With liraglu-
tide, this was driven by a reduction 
in the incidence of CV mortality (4.7 
vs. 6.0%, P = 0.007) and MI (1.6 vs. 
1.9%, P = 0.046) (23), while with 
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semaglutide, this was largely driven by 
a reduced incidence of nonfatal stroke 
(1.6 vs. 2.7%; P = 0.04) (24) and with 
albiglutide by a significant reduction 
in fatal or nonfatal MI (4 vs. 5%; P = 
0.003) (26). The liraglutide trial also 
demonstrated an important reduction 
in all-cause mortality (HR 0.85, 95% 
CI 0.74–0.97, P = 0.02 [nominal]), 
which was not seen with lixisenatide, 
semaglutide, exenatide, albiglutide, or 
dulaglutide.

Differences in inclusion criteria for 
the trials are reflected in the rate per 
patient-year of primary events, which 
was markedly higher in ELIXA (6.3 
in the lixisenatide arm, 6.4 in the pla-
cebo arm) compared with LEADER 
(3.4 in the liraglutide arm, 3.9 in the 
placebo arm), SUSTAIN-6 (3.2 in the 
semaglutide arm, 4.4 in the placebo 
arm), and REWIND (2.4 in the dula-
glutide arm, 2.7 in the placebo arm). 
This finding indicates that, because 
the lixisenatide trial only enrolled 
patients who had experienced a recent 
acute coronary event, patients were 
less stable or at a particularly high CV 
risk compared with those enrolled in 
the liraglutide and semaglutide tri-
als, in which recent CV events were 
exclusion criteria. Although the lix-
isenatide trial was the only study to 
require patients to have experienced a 
recent acute coronary event, it should 
be noted that a proportion of patients 
in the liraglutide trial had also expe-
rienced a recent event, with patients 
only being excluded if the event 
occurred within 14 days of random-
ization. The inclusion and exclusion 
criteria of the albiglutide trial permit-
ted a high incidence rate of CV events 
(4.57 events per 100 person-years in 
the albiglutide arm vs. 5.87 events per 
100 person-years in the placebo arm).

Renal Outcomes
In the REWIND trial, in which 35% 
of patients had albuminuria at base-
line, secondary outcomes included a 
composite clinical microvascular out-
come comprising diabetic retinopa-
thy (photocoagulation, antivascular 
endothelial growth factor therapy, or 
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vitrectomy) or renal disease (develop-
ment of new macroalbuminuria, de-
fined as urinary albumin-to-creatinine 
ratio [UACR] >33.9 mg/mmol in 
those with a lower baseline concen-
tration, a sustained ≥30% decline in 
estimated glomerular filtration rate 
[eGFR], or chronic renal replace-
ment therapy) (28). The incidence of 
the composite microvascular outcome 
was lower in the dulaglutide group 
than in the placebo group (3.8 vs. 4.3 
per 100 person-years, HR 0.87, 95% 
CI 0.79–0.95, P = 0.0020), with the 

difference mainly being due to few-
er renal outcomes in the dulaglutide 
group than in the placebo group. In 
an exploratory analysis of dulaglutide’s 
effects on renal outcomes, the greatest 
effect was on the macroalbuminuria 
component (29). A renal outcome 
developed in 848 patients (17.1%) 
in the dulaglutide group (incidence 
rate 3.5 per 100 person-years) com-
pared with 970 patients (19.6%) in 
the placebo group (incidence rate 4.1 
per 100 person-years) (HR 0.85, 95% 
CI 0.77–0.93, P = 0·0004), with the 

greatest effect being on new macro- 
albuminuria (HR 0.77, 95% CI 0.68– 
0.87, P <0·0001).

Selected Safety Information

Heart Rate
Increase in heart rate is a known effect 
of GLP-1 receptor agonist treatment 
(39). The lowest increase in heart rate 
was seen in the lixisenatide trial, with 
a small but noteworthy average dif-
ference of 0.4 more beats per minute 
(bpm) versus placebo across all visits, 
predominantly related to an increase 
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■ FIGURE 1. Primary endpoints and components in the ELIXA (lixisenatide), LEADER (liraglutide), SUSTAIN-6 (semaglu-
tide), EXSCEL (exenatide), Harmony Outcomes (albiglutide), and REWIND (dulaglutide) trials (22–26,28). ns, not significant.
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of 1 bpm at weeks 2 and 6 that was 
not detected at later time points (22). 
In the albiglutide trial, the heart rate 
of patients in the albiglutide group in-
creased by 1.4 bpm (26). Increases in 
heart rate versus placebo were highest 
in the liraglutide trial (3 bpm) (23) 
and similar in the semaglutide (2.1–
2.4 bpm) (24) and exenatide (2.51 
bpm) trials (25).

Although studies demonstrate a 
GLP-1 receptor agonist–induced in- 
crease in heart rate, this increase does 
not appear to increase CV risk in 
patients with type 2 diabetes (39). The 
underlying mechanism for the GLP-1 
receptor agonist–induced increase in 
heart rate is unknown, but it could be 
related to a direct effect at the sinus 
node related to the duration of action 
of the GLP-1 receptor agonist (39). An 
increase in heart rate may also be asso-
ciated with adverse clinical outcomes 
in those with advanced HF (39).

Acute Pancreatitis and Pancreatic 
Cancer
There was no increase in occurrence 
of acute pancreatitis in the GLP-1 re-
ceptor agonist–treated groups in the 
lixisenatide, exenatide, liraglutide, 
semaglutide, albiglutide, and dulaglu-
tide trials. There was an increase in the 
incidence of pancreatic cancer with li-
raglutide in LEADER compared with 
placebo (13 vs. 5 cases, HR 2.60, 95% 
CI 0.93–7.28), although this observa-
tion was not supported by data from 
a large international retrospective co-
hort study or the majority of observa-
tional studies (40). Furthermore, there 
were four deaths due to pancreatic 
cancer in the placebo group and none 
in the liraglutide group of LEADER. 
Increases in the incidence of pancre-
atic cancer were not seen in ELIXA 
(three cases in the lixisenatide group 
compared with nine cases in the pla-
cebo group) (22), SUSTAIN-6 (one 
patient receiving 1.0 mg semaglutide 
and four patients receiving placebo) 
(24), EXSCEL (15 cases in the ex-
enatide group vs. 16 in the placebo 
group) (25), or Harmony Outcomes 
(six cases in the albiglutide group vs. 
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five in the placebo group) (26). In a 
meta-analysis of the lixisenatide, lira-
glutide, semaglutide, and exenatide 
trials, there was no noteworthy dif-
ference in the incidence of pancreati-
tis or pancreatic cancer between the 
GLP-1 receptor agonist and placebo 
groups (41).

Retinopathy
Rates of retinopathy complications 
(vitreous hemorrhage, blindness, or 
conditions requiring treatment with 
an intravitreal agent or photocoag-
ulation) were higher with semaglu-
tide versus placebo in SUSTAIN-6 
(HR 1.76, 95% CI 1.11–2.78). The 
treatment difference between the 
two groups was first seen very early 
in the trial. The HR for retinopathy 
events in LEADER was 1.15 (95% CI 
0.87–1.52). In SUSTAIN-6, initial 
semaglutide treatment was associated 
with a relatively rapid and profound 
decrease in A1C levels. Indeed, a re-
cent analysis of SUSTAIN-6 conclud-
ed that observed effects of semaglutide 
on diabetic retinopathy appeared to 
be primarily attributable to large A1C 
reductions in patients with a history 
of retinopathy (42). There was no in-
crease in the risk of diabetic retinopa-
thy complications in patients with no 
history of retinopathy.
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■ FIGURE 2. Kaplan–Meier plot of the 
primary outcome* for A) ELIXA (lix-
isenatide), B) LEADER (liraglutide), C) 
SUSTAIN-6 (semaglutide), D) EXSCEL 
(exenatide), E) Harmony Outcomes (albi-
glutide), and F) REWIND (dulaglutide) 
(22–26,28). Insets show the same data 
on an expanded y-axis. *Death from CV 
causes, nonfatal MI, nonfatal stroke, or 
hospitalization for UA for ELIXA; death 
from CV causes, nonfatal MI, or nonfa-
tal stroke for LEADER, SUSTAIN-6, 
EXSCEL, Harmony Outcomes, and 
REWIND. Reproduced from refs. 22–25. 
©2015, 2016, and 2017. Massachu-
setts Medical Society. All rights reserved. 
Reproduced from ref. 26. ©2018 Elsevier 
Ltd. All rights reserved. Reproduced from 
ref. 28. ©2019 Elsevier Ltd. All rights 
reserved.
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Nephropathy
In the lixisenatide trial, there was 
a low incidence of serious renal or 
urinary events, which was the same 
(1.6%) in both the lixisenatide and 
placebo groups. Although there was 
a difference between the groups in 
favor of lixisenatide in UACR from 
baseline to week 108 (P = 0.004), 
the median values at baseline and 
follow-up were clinically similar. In 
an exploratory analysis, lixisenatide 
was shown to reduce the progression 
of albuminuria in macroalbuminuric 
patients and to be associated with a 
lower risk of new-onset macroalbu-
minuria after adjustment for A1C 
and other renal risk factors (43). In 
the liraglutide trial, there was a lower 
rate of nephropathy events with li-
raglutide versus placebo (1.5 vs. 1.9 
events per 100 patient-years of obser-
vation, P = 0.003) (23). This finding 
was driven by lower rates of new-onset 
persistent macroalbuminuria, which 
occurred in 161 liraglutide-treated 
patients and 215 placebo-treated pa-
tients (HR 0.74, 95% CI 0.60–0.91, 
P = 0.004) (44). Rates of new or 
worsening nephropathy were lower 
with semaglutide (3.8%) than pla-
cebo (6.1%; P = 0.005, SUSTAIN-6 
study), similar to liraglutide, due to a 
reduction in albuminuria. In the exen-
atide trial, rates of microalbuminuria 
and macroalbuminuria were similar 
in the exenatide (7.2 and 2.2%, re-
spectively) and placebo groups (7.5 
and 2.8%, respectively). Urinary al-
bumin excretion was not measured in 
the albiglutide trial, but there was no 
difference in renal function between 
albiglutide and placebo. Thus, current 
CVOTs indicate that, although there 
is generally no beneficial effect on 
eGFR with GLP- 1 receptor agonists, 
there is some evidence of benefit in 
the REWIND dulaglutide trial.

Potential Impact of Differences 
in Patient Populations
There were considerable differences 
in patient populations among these 
trials, leading to varying degrees of 
results that do not allow for direct 

comparison among the trials. The 
majority of current CVOTs with 
GLP-1 receptor agonists were per-
formed in relatively high-risk pa-
tients with established atherosclerotic 
CVD (ASCVD), and some, but not 
all, reported a reduction in MACE. 
Although all trials enrolled individ-
uals with established CV events, the 
prevalence ranged from 31 to 100% 
(Table 2) (22–25,27). Furthermore, 
although having had a prior estab-
lished CV event was an inclusion cri-
terion in most CVOTs, information 
on the timing of these events before 
enrollment was only available in the 
lixisenatide trial (22). Patients with 
ACS are at a considerably higher risk 
of further MACE events in the follow-
ing few years (45).

The lixisenatide trial enrolled 
patients at a considerably higher risk 
of CV events; 100% of its patients 
had had an acute coronary event 
within 180 days before screening 
(median 52 days post-ACS) (22). 
Despite a relatively shorter follow-up 
time in the lixisenatide trial, the inci-
dence of MACE was up to twofold 
higher compared with other CVOTs 
(22). This high event rate over only 
2 years perhaps minimized the treat-
ment effect, as with lixisenatide, this 
was most probably due to the inherent 
risk of the study population. In line 
with the lixisenatide trial, a subgroup 
post-hoc analysis of the liraglutide 
trial reported a sevenfold greater risk 
of CV death or hospitalization for HF 
(HR 7.0, 95% CI 5.8–8.4) in a total 
of 631 patients (292 on liraglutide and 
339 on placebo) who experienced an 
MI during the trial compared with 
those who did not. Liraglutide was 
not associated with a reduced risk of 
CV death or hospitalization for HF 
after an MI versus placebo (HR 0.91, 
95% CI 0.66–1.26) during the study 
(46). The dulaglutide trial included a 
high proportion of women (46%), and 
patients had a low mean A1C of 7.3% 
at baseline (27,28). These and other 
differences in the patient populations 
could have led to the differences in 
outcomes.

Potential Impact of Differences 
in Molecular Properties and 
Mechanisms of Action
Although differences in outcome may 
be related to study design and execu-
tion and patient population differenc-
es, they may also relate to differences 
between individual GLP-1 receptor 
agonists. Liraglutide and semaglutide 
are synthetic forms of human GLP-1, 
with >90% structural homology to 
the native protein and modifications 
developed to extend their duration of 
action (47). Albiglutide is generated 
through genetic fusion of two tandem 
copies of human GLP-1 (with 97% se-
quence homology to the endogenous 
protein) to human albumin (48,49). 
Dulaglutide is a recombinant fusion 
protein consisting of two GLP-1 
peptides covalently linked to a human 
IgG4-Fc heavy-chain variant (48,49). 
In contrast, lixisenatide and exenatide 
are synthetic forms of exendin-4, a 
peptide extracted from Gila monster 
venom (47,50). Although lixisena- 
tide and exenatide share only about 
a 53% sequence identity with hu-
man GLP-1, many of the conserved 
amino acids face the interaction site 
of the receptor. Despite this, GLP-1 
receptor agonists show varying levels 
of affinity for the GLP-1 receptor, 
and it has been shown that biased 
agonism (i.e., the ability of different 
ligands acting at the same receptor to 
promote different responses) occurs 
at the GLP-1 receptor and is related 
to distinct elements on the binding 
site that activate individual pathways 
in a ligand-dependent manner (51). 
However, the applicability of this to 
the GLP-1 receptor agonists studied 
in these trials is unknown. GLP-1 re-
ceptor agonists derived from exendin- 
4 (exenatide and lixisenatide) are more 
frequently associated with anti-drug 
antibody production than those 
modified from human GLP-1; how-
ever, no relevant differences have been 
reported in terms of safety and effi-
cacy between antibody-positive and 
antibody-negative patients in exenati-
de and lixisenatide studies (52). Thus, 
it is unlikely that the differences in 
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CVOT results are due to the structure 
of, or antibodies produced in relation 
to, GLP-1 receptor agonists.

A recent retrospective real-world 
analysis of >105,000 patients in 
an electronic health record sys-
tem with type 2 diabetes with and 
without established CVD treated 
over 9 years showed a reduction in 
the risk of CVD events and overall 
mortality associated with the use of 
GLP-1 receptor agonists (exenatide, 
exenatide extended release, and lira-
glutide) (53). The study found lower 
rates of acute MI (HR 0.80, 95% CI 
0.65–0.99, P = 0.045), cerebrovas-
cular accident (HR 0.82, 95% CI 
0.74–0.91, P <0.001), overall mor-
tality (HR 0.48, 95% CI 0.41–0.57, 
P <0.001), and the composite of all 
three outcomes (HR 0.82, 95% CI 
0.74–0.91, P <0.002) during treat-
ment with GLP-1 receptor agonists. 
Importantly, benefits of treatment 
with GLP-1 receptor agonists were 
similar between patients with and 
without a history of CVD. The 57% 
reduction in mortality rate in patients 
without prior CVD reported in this 
study suggests that initiation of 
GLP-1 receptor agonist therapy would 
be beneficial in patients who have a 
low CVD risk, a population largely 
missing from CVOTs and unlikely to 
be studied because of the cost of car-
rying out such event-driven studies in 
a lower-risk population. However, one 
caveat is that real-world studies can-
not compensate for patient population 
differences, although the reported use 
of statistical models could have partly 
resolved this.

Similarly, a recent meta-analysis 
assessed CV mortality, nonfatal MI, 
and nonfatal stroke in adults with 
type 2 diabetes treated with GLP-1 
receptor agonists (41). A total of 12 
articles were analyzed, and the four 
GLP-1 receptor agonist CVOT trials 
then completed (lixisenatide, liraglu-
tide, semaglutide, and exenatide) were 
captured. The authors concluded that 
GLP-1 receptor agonists demonstrated 
CV safety across all CVOTs and 
showed a 10% relative risk reduction 

in the three-point MACE primary 
outcome (CV mortality, nonfatal MI, 
or nonfatal stroke; HR 0.90, 95% CI 
0.82–0.99, P = 0.033), a 13% relative 
risk reduction in CV mortality (HR 
0.87, 95% CI 0.79–0.96, P = 0.007), 
and a 12% relative risk reduction in 
all-cause mortality (HR 0.88, 95% CI 
0.81–0.95, P = 0.002), all with low 
to moderate evidence of between-trial 
statistical heterogeneity. GLP-1 recep-
tor agonists had no noteworthy effect 
on fatal or nonfatal MI, fatal or non-
fatal stroke, hospitalization for UA, 
or hospitalization for HF. Therefore, 
studies consistently demonstrate CV 
safety across the GLP-1 receptor ago-
nist class. 

SGLT2 Inhibitor CVOTs
To date, three CVOTs have reported 
data for SGLT2 inhibitors: EMPA-
REG OUTCOME with empagli-
flozin (30,31), integrated CANVAS 
Program (CANVAS and CANVAS-R 
[CANVAS Renal]) data analysis of 
canagliflozin (32), and DECLARE–
TIMI 58 with dapagliflozin (34). The 
CANVAS trial was initiated before the 
FDA approved canagliflozin with the 
initial goal of showing CV safety. Due 
to the inclusion of unmasked interim 
CV outcome data in the regulatory 
filing, a planned expansion of the 
sample size to enable a test of CV pro-
tection was not undertaken. Instead, 
CANVAS-R was designed as a second 
CANVAS-like trial to be analyzed 
jointly with CANVAS, to meet a 
post-approval CV safety commitment. 
The integrated analysis of CANVAS 
and CANVAS-R was undertaken to 
maximize statistical power.

Study Designs and Patient 
Characteristics
The empagliflozin (30), canagliflozin 
(32), and dapagliflozin (33) trials had 
a number of differences in design, per-
haps most importantly the fact that 
patients aged ≥50 years enrolled in the 
canagliflozin trial were not required to 
have established CVD, whereas in the 
empagliflozin trial, CVD was the key 
inclusion criteria, and in the dapagli-
flozin trial, patients either had estab-

lished CVD or multiple risk factors 
for CVD (Table 3). As a result, while 
almost all patients in the empaglifloz-
in trial had CVD, 66% of patients 
in the canagliflozin trial and 41% of 
patients in the dapagliflozin trial had 
CVD (30,32,34) (Table 4). Because 
the dapagliflozin trial evaluated a 
larger number of patients with type 2 
diabetes without prior CV events than 
the empagliflozin and canagliflozin 
trials, it has been suggested that this 
may allow for a broader generalizabil-
ity of its findings to patients seen in 
primary care (54).

Outcomes

Primary Endpoints
The empagliflozin, canagliflozin, and 
dapagliflozin trials all met their prima-
ry objective of demonstrating nonin- 
feriority to placebo, with empagliflozin 
and canagliflozin also demonstrating 
significant reductions in the primary 
MACE endpoint (empagliflozin HR 
0.86, 95.02% CI 0.74–0.99, P <0.001 
for noninferiority and P = 0.04 for su-
periority; canagliflozin HR 0.86, 95% 
CI 0.75–0.97, P <0.001 for noninfe-
riority and P = 0.02 for superiori-
ty; dapagliflozin HR 0.93, 95% CI 
0.84–1.03, P <0.001 for noninferior-
ity) (Figures 3 and 4). Empagliflozin 
reduced the incidence of death from 
CV causes compared with placebo; 
however, there were no noteworthy 
differences between the two in the risk 
of MI, which showed a slight decline, 
or stroke, which showed a correspond-
ingly small increase (30) (Figure 3). In 
a separate analysis of cerebrovascular 
events, there was no noteworthy differ-
ence in risk between empagliflozin and 
placebo (31). There was no notewor-
thy difference in the rates of individ-
ual MACE components in the cana-
gliflozin research program, although 
these studies were not powered to test 
this (Figure 3). The lack of noteworthy 
differences described here may reflect 
differences in the study populations, as 
discussed previously, but the underly-
ing reason is unknown.

A further analysis of HF outcomes 
found that empagliflozin reduced hos- 

F
E

A
T

U
R

E
 A

R
T

IC
L

E
D

ow
nloaded from

 http://ada.silverchair.com
/clinical/article-pdf/37/4/316/501184/316.pdf by guest on 13 M

arch 2024



3 2 8 	 C L I N I C A L . D I A B E T E S J O U R N A L S . O R G

F E AT U R E  A R T I C L E

TA
B

LE
 3

. 
SG

LT
2

 I
nh

ib
it

o
r 

C
V

O
T 

St
ud

y 
D

es
ig

ns
E

M
PA

-R
E

G
 O

U
TC

O
M

E
  

(E
m

p
ag

lifl
o

zi
n)

 (2
7

) 
(n

 =
 7

,0
2

0
)

C
A

N
V

A
S 

P
ro

g
ra

m
  

(C
an

ag
lifl

o
zi

n)
 (2

9)
 

(n
 =

 1
0,

14
2)

D
E

C
LA

R
E

–T
IM

I 5
8 

 
(D

ap
ag

lifl
o

zi
n)

 (3
0,

31
) 

(n
 =

 1
7,

16
0

)

Pr
im

ar
y 

en
d

p
o

in
t

C
V

D
 d

ea
th

, n
o

nf
at

al
 M

I, 
o

r 
no

nf
at

al
 s

tr
o

ke
C

V
D

 d
ea

th
, n

o
nf

at
al

 M
I, 

o
r 

no
nf

at
al

 s
tr

o
ke

M
A

C
E

, C
V

D
 d

ea
th

, o
r 

ho
sp

it
al

iz
at

io
n 

fo
r 

H
F

R
un

-i
n 

p
er

io
d

2 
w

ee
ks

2 
w

ee
ks

4–
8 

w
ee

ks

K
ey

 in
cl

us
io

n 
cr

it
er

ia
E

st
ab

lis
he

d
 C

V
D

; A
1C

 ≥
7.

0 
an

d
 ≤

9.
0%

 a
nd

 
no

 g
lu

co
se

-l
o

w
er

in
g

 a
g

en
ts

 fo
r 

at
 le

as
t 

12
 

w
ee

ks
 b

ef
o

re
 r

an
d

o
m

iz
at

io
n,

  
o

r 
A

1C
 ≥

7.
0 

an
d

 ≤
10

.0
%

 o
n 

st
ab

le
  

g
lu

co
se

-l
o

w
er

in
g

 t
he

ra
p

y 
fo

r 
at

 le
as

t 
 

12
 w

ee
ks

 b
ef

o
re

 r
an

d
o

m
iz

at
io

n

A
1C

 ≥
7.

0 
an

d
 ≤

10
.5

%
; a

g
e 
≥3

0 
ye

ar
s 

w
it

h 
a 

hi
st

o
ry

 o
f s

ym
p

to
m

at
ic

 A
SC

V
D

 o
r 
≥5

0 
ye

ar
s 

o
f a

g
e 

w
it

h 
tw

o
 o

r 
m

o
re

 C
V

 r
is

k 
fa

ct
o

rs
 (d

ur
at

io
n 

o
f d

ia
b

et
es

 ≥
10

 y
ea

rs
, 

sy
st

o
lic

 b
lo

o
d

 p
re

ss
ur

e 
>1

40
 m

m
H

g
 w

hi
le

 
re

ce
iv

in
g

 o
ne

 o
r 

m
o

re
 a

nt
ih

yp
er

te
ns

iv
e 

ag
en

ts
, c

ur
re

nt
 s

m
o

ki
ng

, m
ic

ro
al

b
um

in
-

ur
ia

 o
r 

m
ac

ro
al

b
um

in
ur

ia
, o

r 
H

D
L 

 
ch

o
le

st
er

o
l <

1 
m

m
o

l/
L 

[3
8.

7 
m

g
/d

L]
)

A
1C

 ≥
6.

5 
an

d
 ≤

12
.0

%
, c

re
at

in
in

e 
 

cl
ea

ra
nc

e 
≥6

0 
m

L/
m

in
; a

g
e 
≥4

0 
ye

ar
s 

 
w

it
h 

m
ul

ti
p

le
 r

is
k 

fa
ct

o
rs

 fo
r 

A
SC

V
D

 
o

r 
ha

d
 e

st
ab

lis
he

d
 A

SC
V

D
 (d

efi
ne

d
 a

s 
cl

in
ic

al
ly

 e
vi

d
en

t 
is

ch
em

ic
 h

ea
rt

 d
is

ea
se

, 
is

ch
em

ic
 c

er
eb

ro
va

sc
ul

ar
 d

is
ea

se
, o

r 
p

er
ip

he
ra

l a
rt

er
y 

d
is

ea
se

)

C
ar

d
io

va
sc

ul
ar

 e
xc

lu
si

o
n 

cr
it

er
ia

A
C

S,
 s

tr
o

ke
, o

r 
TI

A
 w

it
hi

n 
2 

m
o

nt
hs

  
b

ef
o

re
 in

fo
rm

ed
 c

o
ns

en
t;

 p
la

nn
ed

  
ca

rd
ia

c 
su

rg
er

y 
o

r 
an

g
io

p
la

st
y 

w
it

hi
n 

 
3 

m
o

nt
hs

M
I, 

U
A

, r
ev

as
cu

la
ri

za
ti

o
n 

p
ro

ce
d

ur
e,

 o
r 

ce
re

b
ro

va
sc

ul
ar

 a
cc

id
en

t 
w

it
hi

n 
3 

m
o

nt
hs

 
b

ef
o

re
 s

cr
ee

ni
ng

, a
 p

la
nn

ed
 r

ev
as

cu
la

ri
za

-
ti

o
n 

p
ro

ce
d

ur
e,

 o
r 

hi
st

o
ry

 o
f N

Y
H

A
 c

la
ss

 
IV

 C
V

D

A
cu

te
 C

V
 e

ve
nt

 (e
.g

., 
A

C
S,

 T
IA

, s
tr

o
ke

,  
an

y 
re

va
sc

ul
ar

iz
at

io
n,

 d
ec

o
m

p
en

sa
te

d
 H

F,
 

o
r 

su
st

ai
ne

d
 t

ac
hy

ca
rd

ia
) <

8 
w

ee
ks

 b
ef

o
re

 
ra

nd
o

m
iz

at
io

n

In
te

rv
en

ti
o

n
E

m
p

ag
lifl

o
zi

n 
10

 o
r 

25
 m

g
 v

er
su

s 
st

an
d

ar
d

 
o

f c
ar

e
C

an
ag

lifl
o

zi
n 

10
0 

o
r 

30
0 

m
g

 v
er

su
s 

st
an

-
d

ar
d

 o
f c

ar
e

D
ap

ag
lifl

o
zi

n 
10

 m
g

 v
er

su
s 

p
la

ce
b

o

U
su

al
 c

ar
e

B
ac

kg
ro

un
d

 g
lu

co
se

-l
o

w
er

in
g

 t
he

ra
p

y 
w

as
 t

o
 r

em
ai

n 
un

ch
an

g
ed

 fo
r 

th
e 

fir
st

 
12

 w
ee

ks
 a

ft
er

 r
an

d
o

m
iz

at
io

n,
 a

lt
ho

ug
h 

in
te

ns
ifi

ca
ti

o
n 

w
as

 p
er

m
it

te
d

 if
 t

he
 p

at
ie

nt
 

ha
d

 a
 c

o
nfi

rm
ed

 fa
st

in
g

 g
lu

co
se

 le
ve

l 
>2

40
 m

g
/d

L 
(>

13
.3

 m
m

o
l/

L)
. A

ft
er

 w
ee

k 
12

, 
in

ve
st

ig
at

o
rs

 w
er

e 
en

co
ur

ag
ed

 t
o

 a
d

ju
st

 
g

lu
co

se
-l

o
w

er
in

g
 t

he
ra

p
y 

at
 t

he
ir

 d
is

cr
e-

ti
o

n 
to

 a
ch

ie
ve

 g
ly

ce
m

ic
 c

o
nt

ro
l a

cc
o

rd
in

g
 

to
 lo

ca
l g

ui
d

el
in

es

U
se

 o
f o

th
er

 b
ac

kg
ro

un
d

 t
he

ra
p

y 
fo

r 
g

ly
ce

m
ic

 m
an

ag
em

en
t 

an
d

 o
th

er
 c

o
nt

ro
l 

o
f r

is
k 

fa
ct

o
rs

 g
ui

d
ed

 b
y 

b
es

t 
p

ra
ct

ic
e 

in
st

it
ut

ed
 in

 li
ne

 w
it

h 
lo

ca
l g

ui
d

el
in

es

U
se

 o
f o

th
er

 g
lu

co
se

-l
o

w
er

in
g

 a
g

en
ts

 
(o

th
er

 t
ha

n 
an

 o
p

en
-l

ab
el

 S
G

LT
2 

in
hi

b
it

o
r, 

p
io

g
lit

az
o

ne
, o

r 
ro

si
g

lit
az

o
ne

) w
as

 a
t 

th
e 

d
is

cr
et

io
n 

o
f t

he
 in

ve
st

ig
at

o
r

M
ed

ia
n 

fo
llo

w
-u

p
, y

ea
rs

3.
1

2.
4

4.
2

TI
A

, t
ra

ns
ie

nt
 is

ch
em

ic
 a

tt
ac

k.

D
ow

nloaded from
 http://ada.silverchair.com

/clinical/article-pdf/37/4/316/501184/316.pdf by guest on 13 M
arch 2024



V O L U M E  3 7,  N U M B E R  4 ,  F A L L  2 0 1 9 	 329

e c k e l  e t  a l .

HRs (95% CIs) HRs (95% CIs)

0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

Primary composite
MACE

Cardiovascular
mortality

Nonfatal MI

Nonfatal stroke

0.04

<0.001

ns

ns

P

EMPA-REG OUTCOMEA B C

0.6 0.8 1.21

0.02

ns

ns

ns

P

CANVAS Program

MACE

Death from CV cause

MI

Ischemic stroke

0.40 0.50

Dapagli�ozin
Better

Placebo
Better

1.51.0

0.17

ns

ns

ns

P

DECLARE-TIMI 58

HRs (95% CIs) HRs (95% CIs)

0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

Primary composite
MACE

Cardiovascular
mortality

Nonfatal MI

Nonfatal stroke

0.04

<0.001

ns

ns

P

EMPA-REG OUTCOMEA B C

0.6 0.8 1.21

0.02

ns

ns

ns

P

CANVAS Program

MACE

Death from CV cause

MI

Ischemic stroke

0.40 0.50

Dapagli�ozin
Better

Placebo
Better

1.51.0

0.17

ns

ns

ns

P

DECLARE-TIMI 58

■ FIGURE 3. Primary endpoints and components in A) EMPA-REG OUTCOME (empagliflozin), B) CANVAS Program (cana-
gliflozin), and C) DECLARE–TIMI 58 (dapagliflozin) (30,32,33). Reproduced from ref. 33. ©2019 Massachusetts Medical 
Society. All rights reserved.
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pitalization due to HF and CV-related 
death in patients at high CV risk irre-
spective of whether they had baseline 
HF (55). This is the first analysis to 
show improvements in HF outcomes 
with glucose-lowering drugs in patients 
with type 2 diabetes who are at high 
CV risk. Canaglif lozin was also 
shown to be associated with a lower 
risk of hospitalization for HF in the 
CANVAS Program (HR 0.67, 95% 
CI 0.52–0.87), although based on the 
prespecified testing sequence, this was 
considered to be only nominally sig-
nificant (32). Hospitalization for HF 
was also reduced in the primary pre-
vention cohort (individuals ≥50 years 
of age with two or more risk factors 
for CV events but with no prior CV 
event: HR 0.64, 95% CI 0.35–1.15, 
log-rank P = 0.13) and the secondary 
prevention cohort (individuals ≥30 
years of age with a prior CV event: 
HR 0.68, 95% CI 0.51–0.90, log-
rank P = 0.007) (56). Dapagliflozin 
also resulted in a lower rate of CV 
death or hospitalization for HF com-
pared with placebo (4.9 vs. 5.8%, HR 
0.83, 95% CI 0.73–0.95, P = 0.005), 
with a similar benefit seen in patients 
with and without a history of CVD. 
The dapagliflozin trial was the only 
study to have CV death or hospi-
talization for HF as a dual primary 
endpoint. The precise mechanisms by 
which SGLT2 inhibitors decrease the 
risk of HF are unknown; however, 
multiple potential biological expla-
nations exist (57). Regardless of the 
reasons, there is little doubt regard-
ing the benefit that SGLT2 inhibitors 
offer to patients with type 2 diabetes.
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■ FIGURE 4. Kaplan–Meier plot of the 
primary outcome* for A) EMPA-REG 
OUTCOME (empagliflozin), B) CAN-
VAS Program (canagliflozin), and C) 
DECLARE–TIMI 58 (dapagliflozin) 
(30,32,33). Inset shows the same data 
on an expanded y-axis. *Death from CV 
causes, nonfatal MI, or nonfatal stroke. 
Reproduced from refs. 30, 32, and 33. 
©2015, 2017, and 2019 Massachusetts 
Medical Society. All rights reserved.
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In contrast to the GLP-1 recep-
tor agonist trials, all three SGLT2 
inhibitor trials showed reductions 
in prespecified renal composite out-
comes. Importantly, they also showed 
renal benefits, even if one excludes 
proteinuria (58). The renal benefits 
of SGLT2 inhibitors include both a 
reduction in albuminuria and a reduc-
tion in the rate of decline in eGFR. 
Similar results were reported by the 
recent CREDENCE (Canagliflozin 
and Renal Events in Diabetes with 
Established Nephropathy Clinical 
Evaluation) trial, which assessed 
the effects of canagliflozin on renal 
outcomes in patients with type 2 dia-
betes and albuminuric CKD (59). 
In addition, the beneficial effects of 
canagliflozin in the CREDENCE 
trial, as determined by the primary 
composite outcome of end-stage kid-

ney disease, a doubling of the serum 
creatinine level, or death from renal 
or CV causes, were seen in the three 
patient subgroups according to eGFR 
at screening (30 to <45, 45 to <60, 
and 60 to <90 mL/min/1.73 m2) (59). 

Safety
Treatment with canagliflozin increased 
the risk of bone fractures (HR 1.26, 
95% CI 1.04–1.52) and doubled the 
risk of lower-limb amputation, pri-
marily of the toe or metatarsal (6.3 
vs. 3.4 cases per 1,000 patient-years, 
HR 1.97, 95% CI 1.41–2.75); ampu-
tations of the leg (below and above the 
knee) also occurred (32). The absolute 
risk of amputation was highest in pa-
tients with a history of amputation or 
peripheral vascular disease, but the rel-
ative risk of amputation with canagli-
flozin versus placebo was similar across 
these subgroups (32). This increased 

risk of amputation in the CANVAS 
Program led to the requirement of a 
boxed warning for canagliflozin in the 
United States (60). However, in the 
recent CREDENCE trial, there were 
no significant differences between 
canagliflozin and placebo in the rates 
of fracture or lower-limb amputation 
(59). In addition, there was a low rate 
of diabetic ketoacidosis (DKA), al-
though this risk was higher with cana-
gliflozin than with placebo (2.2 vs. 0.2 
per 1,000 patient-years) (59). No in-
crease in the risk of lower-limb ampu-
tation was observed with empagliflo- 
zin in the EMPA-REG OUTCOME 
trial (61). In the DECLARE–TIMI 
58 trial, the rates of amputation and 
fracture were similar in the dapagli-
flozin and placebo groups (33). These 
findings indicate that the amputation 
risk seen in the CANVAS Program 

TABLE 4. Baseline Characteristics for SGLT2 Inhibitor CVOTs
EMPA-REG OUTCOME 

(Empagliflozin) (27)  
(n = 7,020)

CANVAS Program 
(Canagliflozin) (29)  

(n = 10,142)

DECLARE–TIMI 58 
(Dapagliflozin) (31) 

(n = 17,160)

Age, years 63 63 64

Race, %

White 72.4 78.3 79.6

Asian 21.6 12.7 13.5

Black 5.1 3.3 3.5

Other 0.9 5.7 3.5

Geographical location, %

Europe 41.1 — 44.5

North America 19.9 — 31.9

Asia 19.2 — 12.7

Rest of the world 19.8 — 11.0

Duration of diabetes, years >10 (in 57%) 13.5 10.5

Baseline A1C, % 8.1 8.2 8.3

BMI, kg/m2 30.6 32.0 32.1

CV history, %

CVD 99 65.6 40.7

MI 46.6 — —

HF 10.1 14.4 10.1

Stroke/TIA 23.3 — 7.6

Hypertension — 90.0 —

eGFR <60 mL/min/m2, % 25.9 — —

TIA, transient ischemic attack.
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does not appear to be a class effect of 
SGLT2 inhibitors. Nevertheless, the 
EMA issued a recommendation for 
warnings to be added to the E.U. pre-
scribing information for canaglifloz-
in, dapagliflozin, and empagliflozin 
of the risk of lower-limb amputation, 
which occurred in 0.1–1.0% of pa-
tients treated with canagliflozin (62). 
However, in a recent real-world meta- 
analysis using data from four large 
U.S. administrative claims databases, 
there was no increased risk of below-
the-knee amputation with canaglifloz-
in or other SGLT2 inhibitors versus 
non-SGLT2 inhibitor drugs (63). 

In all three SGLT2 inhibitor trials, 
there was an increased risk of genital 
infection with the SGLT inhibitor 
compared with placebo (30,32,33). In 
the empagliflozin trial, the proportion 
of patients with DKA was low (≤0.1%) 
and similar in the empagliflozin and 
placebo groups (30). In the canagli-
flozin trials, the event rate for DKA 
was higher with canagliflozin than 
with placebo (32). In the dapagli-
flozin trial, DKA was more common 
with dapagliflozin than with placebo 
(P = 0.02), although the method of 
ascertainment of DKA varied across 
the trials (34).

Potential Impact of Differences 
in Patient Populations
As with the GLP-1 receptor agonist 
trials, differences in patient popu-
lations could have had an impact 
on outcomes. In particular, patients 
in the canagliflozin trials were not 
required to have established CVD 
(Table 3) (54).

Potential Impact of Differences 
in Molecular Properties and 
Mechanisms of Action 
Empagliflozin, dapagliflozin, and 
canagliflozin share the same mecha-
nism of action and have similar anti-
hyperglycemic, antihypertensive, and 
weight loss class effects (64). However, 
there are differences among these 
agents in their selectivity for the glu-
cose transporter SGLT2 versus other 
SGLTs, but it is not known wheth-
er these differences have any clinical 

implications (64). For example, em-
pagliflozin has the greatest selectivi-
ty (>2,500-fold) for SGLT2 versus 
SGLT1 compared with dapaglifloz-
in (>1,200-fold) and canagliflozin 
(>250-fold). The precise mechanism 
through which they decrease the risk 
of new-onset HF is unknown; how-
ever, possible explanations include 
hemodynamic benefits, reductions in 
sympathetic tone, an anti-aldosterone 
effect, reduction in oxidative stress, 
and reduction in myocardial oxygen 
demand (64). Regardless, multiple 
studies have shown their benefit in HF 
prevention in patients with diabetes.

Driving Changes in Clinical 
Practice

CVOTs and the Real World
Overall, current prospective CVOTs 
have confirmed CV safety but have 
yielded mixed results in terms of 
various CV benefits and safety find-
ings, which may be related to differ-
ences in the included populations of 
high-risk CVD patients and in trial 
designs, in addition to any intrinsic 
within- and between-class differenc-
es. In a recent systematic review and 
meta-analysis, both GLP-1 recep-
tor agonists and SGLT2 inhibitors 
were significantly associated with 
lower CV mortality than control 
therapy (65). In addition, SGLT2 
inhibitors were significantly associ-
ated with lower rates of HF and MI 
than control therapy (65). In a real- 
world setting, liraglutide was shown 
to be safe but, unlike in the liraglutide 
trial, did not demonstrate CV risk re-
duction in patients with type 2 diabe-
tes over 3 years (66). Real-world stud-
ies with exenatide have demonstrated 
a CV risk reduction, which contrasts 
with the exenatide trial (53,67,68). In 
addition, studies that do not specify 
the type of GLP-1 receptor agonist 
prescribed have shown varying degrees 
of results, from safety to a reduced risk 
of CV outcomes (69,70). In line with 
the results from RCTs, the existing 
studies with real-world data confirm 
the CV safety of GLP-1 receptor ago-

nists but yield mixed results in terms 
of CV event reduction.

Importantly, trials predominantly 
included populations of patients at 
high CVD risk with defined (and 
varying) characteristics and generally 
with longstanding diabetes; there-
fore, it is not clear how generalizable 
their results are to the overall popula-
tion of patients with type 2 diabetes, 
although the dapagliflozin trial had 
more “primary prevention” patients 
and so has been suggested to be more 
generalizable (54,71,72). For example, 
in the empagliflozin trial, the propor-
tion of patients with type 2 diabetes in 
a representative English national pop-
ulation that had the same CV risk as 
those in the trial was 15.7% (73). The 
inclusion of patients at high CVD risk 
in event-driven CVOTs is necessary to 
demonstrate safety in these patients, 
as well as to ensure that a sufficient 
number of events are accrued in a rea-
sonably short timeframe. However, 
these patients form a relatively small 
number of individuals with type 2 
diabetes treated in routine practice; 
CV safety concerns equally apply to 
the great many patients without estab-
lished CVD who face many years of 
treatment with new antihyperglycemic 
agents. Studies from routine practice 
settings are important to confirm 
findings from highly controlled 
CVOTs in the more challenging and 
varied real-world practice.

U.S. Indications
The data from all CVOTs discussed 
fulfill the FDA criteria of establishing 
CV safety for lixisenatide, liraglutide, 
semaglutide, exenatide extended re-
lease, albiglutide, dulaglutide, em-
pagliflozin, canagliflozin, and dapagli-
flozin in patients with type 2 diabetes 
at high CV risk. In the United States, 
empagliflozin is now indicated to re-
duce the risk of CVD-related death in 
adult patients with type 2 diabetes and 
established CVD (74), and the indi-
cation for liraglutide has also recently 
been expanded to reduce the risk of 
MACE in the same population (75); 
to date, neither drug has such an in-
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dication in the European Union. The 
results of these CVOTs have been in-
cluded in recent treatment guideline 
updates from the American Diabetes 
Association (ADA) (76,77), Diabetes 
Canada (78), and the recent consensus 
report on the management of hypergly-
cemia in type 2 diabetes from the ADA 
and the European Association for the 
Study of Diabetes (EASD) (79).

Treatment Guidelines
The ADA’s Standards of Medical Care 
in Diabetes—2019 recommend that a 
patient-centered approach should be 
used to guide treatment choice, with 
comorbidities such as ASCVD, HF, 
and CKD; hypoglycemia risk; impact 
on weight, cost; risk of side effects; 
and patient preference taken into con-
sideration (76). The 2019 Standards 
of Care also recommend that, among 
patients with type 2 diabetes who 
have established ASCVD, an SGLT2 
inhibitor or GLP-1 receptor agonist 
with demonstrated CVD benefit 
should be part of the antihypergly-
cemic regimen (76). Among patients 
with ASCVD at high risk of HF or 
for whom HF coexists, SGLT2 inhib-
itors are preferred. For patients with 
type 2 diabetes and CKD, an SGLT2 
inhibitor or GLP-1 receptor agonist 
that reduces the risk of CKD progres-
sion, CV events, or both should be 
considered (76). Similarly, in its 2018 
update, Diabetes Canada used data 
from the empagliflozin, liraglutide, 
and canagliflozin trials to recommend 
that adults with type 2 diabetes and 
clinical CVD who are not meeting gly-
cemic targets should have an “antihy-
perglycemic agent with demonstrated 
CV outcome benefit” added to reduce 
the risk of major CVD events, with 
Grade A, Level 1A recommendations 
for empagliflozin and liraglutide and a 
Grade C, Level 2 recommendation for 
canagliflozin (78). The recent ADA/
EASD consensus report recommends 
that clinicians consider whether a pa-
tient has a history of CVD early in 
the treatment selection process. GLP-
1 receptor agonists with a proven CV 
benefit or SGLT2 inhibitors (if eGFR 

is adequate) are recommended for pa-
tients with type 2 diabetes and existing 
ASCVD. In addition, SGLT2 inhib-
itors with a proven benefit of reduc-
ing HF and/or CKD progression are 
recommended for patients with HF 
and/or CKD and adequate eGFR 
among patients with ASCVD in 
whom HF or CKD is a concern (or, 
if SGLT2 inhibitors are contraindicat-
ed or not tolerated or eGFR not ade-
quate, a GLP-1 receptor agonist with 
a proven CVD benefit) (79).

Clearly, the level of evidence from 
large CVOTs supporting the CV 
benefits of newer therapies is mark-
edly more robust in modern CVOTs, 
which randomized thousands of 
patients with type 2 diabetes (80), 
than in earlier trials. Cost is likely to 
be a factor in the earlier use of newer 
(and more expensive) drugs, and cer-
tain guidelines (e.g., the U.S. Veterans 
Affairs and National Institute for 
Health and Care Excellence guide-
lines) factor cost of treatment into 
their algorithms more than others. 
Cost-effectiveness analyses are also 
beginning to emerge; for example, 
based on the results of the empagli-
f lozin trial, taking the expected 
reductions in CVD deaths, hos-
pitalizations for HF, and the need 
for dialysis or transplantation into 
account, treating patients with type 
2 diabetes at high CVD risk with 
empaglif lozin added to standard 
of care was found to be very cost- 
effective in a Canadian study (81).

Treatment Algorithms
The ADA/EASD consensus report cre-
ated separate algorithms for patients 
with and without CVD to help guide 
individualization of therapy (79), and 
future guidelines may also need to 
take this approach. There could also 
be a need to look at supplementing 
A1C with CVD risk factors in future 
algorithms (80). Glycemic control 
assessed by A1C has been the corner-
stone of type 2 diabetes management 
to reduce the risk of microvascular and 
macrovascular complications, largely 
based on results from the UKPDS. In 

recent CVOTs, however, CV benefits 
were seen with the investigational 
drugs compared with placebo despite 
statistically significant but relatively 
small differences in A1C levels, with a 
reduction in the number of CV events 
occurring at all levels of A1C. Thus, 
rather than A1C level being the basis 
for choosing either a GLP-1 receptor 
agonist or an SGLT2 inhibitor, the 
selection of these agents should be 
based on the need for CV protec-
tion in patients at high risk of CVD. 
Furthermore, a recent meta-analysis 
of 46 studies concluded that A1C is 
a reliable risk factor for all-cause and 
CV mortality (82). Regardless, based 
on these trials, the specific agent used 
to achieve glycemic control appears to 
drive CV benefit.

Individualizing Therapy
Guidelines recommend individual-
ization of therapy, and the aforemen-
tioned CVOTs had broad inclusion 
criteria for A1C levels. It may be pref-
erable to target specific complications 
and inherent risks, rather than glucose 
levels alone. Thus, it is key to include 
appropriate cardioprotective antihy-
perglycemic agents in the regimen of 
a patient with a history of CVD or 
who is at a very high risk.

For practicing clinicians, indi-
vidualization of therapy remains the 
cornerstone for selection of hyper-
glycemic agents in type 2 diabetes. 
Although the latitude of choice given 
by treatment guidelines can be a pos-
itive in this respect, it can also be a 
negative for busy clinicians faced with 
an ever-increasing number of options. 
In addition to their efficacy in reduc-
ing A1C and their CV benefits, GLP-1 
receptor agonists and SGLT2 inhibi-
tors are also attractive from patients’ 
and clinicians’ perspectives given that 
they pose no increased risk of hypo-
glycemia (provided they are not used 
with agents that cause hypoglycemia, 
such as sulfonylureas and insulin) 
and provide the benefit of weight 
loss. In addition, the SGLT2 inhibi-
tors canagliflozin, empagliflozin, and 
dapagliflozin have a beneficial effect 

F
E

A
T

U
R

E
 A

R
T

IC
L

E
D

ow
nloaded from

 http://ada.silverchair.com
/clinical/article-pdf/37/4/316/501184/316.pdf by guest on 13 M

arch 2024



3 3 4 	 C L I N I C A L . D I A B E T E S J O U R N A L S . O R G

F E AT U R E  A R T I C L E

on the progression of CKD and pre-
vention of HF.

GLP-1 receptor agonists have 
beneficial effects on a number of CV 
risk factors such as weight, blood 
pressure, lipid profile, UACR, and 
inflammatory markers, among others. 
Lixisenatide reduced the progression 
of albuminuria in patients with mac-
roalbuminuria and was also associated 
with a reduced risk of developing 
new-onset macroalbuminuria, consis-
tent with the results of the liraglutide 
and semaglutide trials (22,24,43,58).

Clinical Trial Design
As more data from CVOTs emerge, 
more focused guidance on trial design 
should be given to reach agreement on 
a standard trial design, including such 
factors as standard inclusion/exclusion 
criteria, comparators, and length of 
study. For example, it may be pos-
sible to stratify patients into benefit 
groups, analogous to blood cholester-
ol guidelines, with recommendations 
matching level of therapy to the level 
of CVD risk. Guidelines may need to 
become more focused based on pa-
tient characteristics and risk factors 
or level of risk.

One consideration for future 
CVOTs in patients with type 2 dia-
betes with high CVD risk would be 
to include an active control therapy 
that has proven superiority to placebo, 
but this would need an appropriate 
criterion to address noninferiority to 
avoid prohibitively large sample sizes. 
An alternative criterion for an active 
control therapy trial could involve 
an indirect comparison to placebo 
through an integrated analysis of 
future and previous CVOTs for com-
parison of active control therapy and 
placebo and could use a model that 
includes predictive baseline variables 
for CV outcomes for the active control 
therapy and placebo in previous tri-
als. This paradigm could be expanded 
for future trials to address compari-
sons to two or more active control 
therapies with proven superiority to 
placebo. For CVOTs in patients with 
type 2 diabetes and low CVD risk, 

one consideration is to produce CIs 
that exclude excess CVD risk. Well-
designed, prospective, observational 
studies could be used to address the 
required sample sizes and follow-up 
duration.

Given that multiple trials have 
demonstrated a benefit to CVD risk, 
it is important to question whether 
it is ethical to conduct placebo- 
controlled trials (83). Placebo-
controlled trials would still be possible 
in specific at-risk populations that 
represent an unmet need (e.g., HF 
or CKD) (83). In active-compara-
tor trials, it may also be possible to 
define different noninferiority crite-
ria. Because diabetes is a progressive 
disease that requires intensification 
of therapy with multiple agents, it 
may also be clinically relevant to 
compare therapeutic approaches 
rather than comparing one agent 
against another. One question that 
would be of interest is whether met-
formin should remain the first agent 
of choice to manage type 2 diabetes. 
The evidence of the beneficial effect of 
metformin to reduce CVD events in 
the UKPDS was limited to a relatively 
small number of events. On the other 
hand, the evidence from CVOTs con-
ducted with GLP-1 receptor agonists 
and SGLT2 inhibitors relates mostly 
to secondary prevention. Thus, for a 
newly diagnosed person with type 2 
diabetes and no CV risk factors, there 
are no randomized data to support a 
newer agent instead of metformin. 
One potential trial in patients treated 
with metformin could be to compare 
sequential therapy addition with early 
combination therapy using a GLP-1 
receptor agonist and an SGLT2 
inhibitor. However, a trial compar-
ing metformin to one of the newer 
agents showing CV benefit has yet to 
be undertaken.

Clinical Trial Endpoints
Consideration needs to be given to 
the selection of suitable endpoints 
in future trials (37). Because of their 
different mechanisms of action, in-
dividual glucose-lowering drugs may 

have very different impacts on various 
CVD outcomes; therefore, no particu-
lar endpoint can be considered a gold 
standard for all CVOTs. A three-point 
MACE is likely to remain the primary 
endpoint for CVOTs; it best captures 
clinically relevant CV outcomes, has 
individual components that are rea-
sonably straightforward to adjudicate, 
is relatively easy to implement, and 
is favored by regulatory authorities. 
However, other endpoints have also 
been considered and may be appro-
priate for some drug classes. 

There has been debate around 
including hospitalization for UA in 
the MACE definition (four-point 
MACE). Although UA, like MI, is 
part of the spectrum of ACS and is 
thus clinically relevant, its diagnosis is 
subjective, and central adjudication is 
challenging. Data from CVOTs also 
suggest that UA is difficult to influ-
ence with glucose-lowering agents, 
which may dilute any treatment effect 
for this composite endpoint. The addi-
tion of hospitalization for UA to the 
MACE definition may make it more 
likely that noninferiority is demon-
strated but may also mask potential 
CVD benefit or harm.

Comparing CVOTs
For GLP-1 receptor agonists, given 
possible differences in binding, sig-
naling, and pharmacokinetics, and a 
range of differences in study designs, 
endpoints, and patient characteristics 
in CVOTs, it is difficult to directly 
compare individual agents. However, 
a meta-analysis of the large CVOTs 
(41) and the results of a recent retro-
spective real-world analysis (53) sug-
gest that there may be a class effect 
for GLP-1 receptor agonists in terms 
of CV safety and the reduction in risk 
of CV events.

The CV safety and potential CV 
benefits of SGLT2 inhibitors may also 
be a class effect (84). As for SGLT2 
inhibitors overall, as discussed pre-
viously, comparisons between the 
outcomes of recent CVOTs are 
complicated by a number of factors, 
including differences in patient pop-
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ulations (e.g., selection and exclusion 
criteria, race, and definition of CVD 
risk), sample sizes, trial durations, and 
endpoints used (71). Discontinuation 
rates and rates of rescue medication 
initiation in these studies were high, 
which may also affect the interpre-
tation of these results. Therefore, it 
is not possible to directly compare 
outcomes between drugs within or 
between classes.

For both GLP-1 receptor agonists 
and SGLT2 inhibitors, only well-
planned, head-to-head CVOTs can 
fully address whether any CVD bene-
fits or safety concerns are indeed class 
effects or whether one agent is supe-
rior to another. In such trials, a third 
arm of patients receiving combination 
therapy would be of great interest.

Summary and Conclusion
Subsequent to the FDA guidance on 
the design of CVOTs issued in 2008, 
CVOTs have shown CV safety with 
DPP-4 inhibitors. More recently, the 
CV safety of injectable GLP-1 recep-
tor agonists and SGLT2 inhibitors 
has been demonstrated in CVOTs, 
as well as their CV benefits, which 
may be class effects. The results of the 
recent REWIND trial suggest that 
dulaglutide may have both primary 
and secondary CV benefits, adding 
to the body of evidence on the CV 
effects of injectable GLP-1 receptor 
agonists. Further studies are needed to 
determine the mechanisms of action 
of both these drug classes that are re-
sponsible for the beneficial CV effects. 
In addition to their CV benefits, the 
fact that both GLP-1 receptor agonists 
and SGLT2 inhibitors induce weight 
loss and do not cause hypoglycemia 
makes them attractive clinical tools. 
The importance of GLP-1 receptor ag-
onists and SGLT2 inhibitors in clin-
ical care has been highlighted in the 
2019 ADA Standards of Care (77), 
where they are now recommended 
as second-line options (before insu-
lin therapy) for the following patient 
groups failing to achieve target A1C 
with metformin and lifestyle mod-
ifications: 1) those with established 

ASCVD, 2) those with a compelling 
need to minimize hypoglycemia, and 
3) those with a compelling need to 
minimize weight gain or promote 
weight loss.
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