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Patients with type 2 diabetes have a significantly increased risk of cardiovascular disease (CVD)

compared to the general population—with CVD accounting for two out of every three deaths in

patients with diabetes. In 2008, the FDA suggested that CVD risk should be evaluated for any

new antidiabetic therapy, leading to a multitude of large CVD outcome trials to assess CVD risk

from these medications. Interestingly, several of these outcome trials with new novel antidia-

betic therapies have demonstrated a clear and definite CVD advantage at mid-term follow up in

high-risk patients with T2DM. In this review, we discuss two relatively new classes of diabetic

drugs, sodium-glucose cotransporter 2 inhibitors and glucagon-like peptide 1 agonists, and their

efficacy in improving cardiovascular outcomes.
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1 | INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of morbidity and

mortality in patients with type 2 diabetes mellitus (T2DM), who have

a 2 to 3-fold increased risk of cardiovascular mortality compared to

those without diabetes.1 However, significant progress has been

made toward the mitigation of this increased CVD risk in diabetes.

The all-cause mortality rate of the Framingham study participants with

diabetes has decreased by 48%, from 33.1 per 1000 person-years in

the early study period (1950-1975) to 15.8 in more recent years

(1976-2001). An even stronger trend is present for cardiovascular

mortality; a 69% decrease from 24.1 per 1000 person-years in 1950

to 1975 to 6.8 in 1976 to 2001.1 Consistently, data from the

NHANES study for the years 1971 to 2000 showed a similar trend in

men, although a change in mortality rate among women with diabetes

was not observed.2 Another large epidemiologic study analyzed trends

in the incidence of diabetes-related complication from 1990 to 2010

and found a large relative decline of 67.8% in acute myocardial infarc-

tion (95% confidence interval [CI], −76.2 to −59.3) among patients

with diabetes.3

However, even with significant progress patients with diabetes

remain at elevated risk of cardiovascular morbidity and mortality.3

Importantly, the excess mortality and comorbidity seen in patients

with diabetes are more evident in patients who are younger, have

poor glycemic control or have renal complications.4 Observational

data have shown that an increase in glycated hemoglobin level of 1%

corresponds to a 15% increased risk of incident CVD.4 There are some

conflicting data in regards to cardiovascular outcomes from large studies

that aimed to achieve excellent glycemic control. Data from the

ACCORD trial showed increased mortality associated with intensive

glucose control (glycated hemoglobin level below 6.0%), probably

because of frequent hypoglycemic episodes associated with very

strict glycemic control.5,6 Lack of benefit in cardiovascular mortality

from intensive glucose control has also been confirmed by other large,

randomized controlled trials, such as the ADVANCE and the Veterans

Affairs Diabetes Trial.7,8 However, large trials, such as the UKPDS,

have found reduction in myocardial infarction and death after

10 years of follow up with strict glucose control.9 Therefore, itAmit K. Dey and Jacob Groenendyk contributed equally to this study.
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appears there is a limit to the reduction of CVD burden that can be

achieved by increasing the intensity of glucose control. While reaching

glycated hemoglobin targets for all patients remains an important goal,

other strategies for the prevention of CVD are needed. In this review,

we discuss two relatively newer classes of medication for diabetes

mellitus that have been increasingly recognized in recent years as

agents that could assist in the prevention of CVD, namely SGLT-2

inhibitors and glucagon-like peptide 1 (GLP-1) agonists.

1.1 | SGLT-2 inhibitors

The first nonspecific SGLT inhibitor to come into medical use was

phlorizin, which is extracted from the bark of apple trees.10 Subse-

quently, it was discovered to cause glycosuria.11 However, therapeu-

tic use of phlorizin in diabetes was limited because of low oral

bioavailability.12 Investigators hypothesized that targeted inhibition of

SGLT-2, the sodium-glucose cotransporter that resorbs 80% to 90%

of the 180 g of sugar daily filtered by the kidney, could improve glyce-

mic control in diabetes.13 Recently, specific inhibitors of SGLT-2, such

as dapagliflozin, canagliflozin, and empagliflozin have been developed

for glycemic control in diabetes.14–16

Patients using SGLT-2 inhibitors typically see a mild reduction in

blood pressure, mild weight loss (approximately 2 kg loss at 1 year for

empagliflozin, compared to 0.5 kg gain on placebo), and a small

increase in both HDL and LDL cholesterol.17–20 In addition, data from

leptin-receptor deficient mice suggests that treatment with SGLT-2

inhibitors may decrease insulin resistance conferring additional bene-

fits independent of glycemic control.21 The most common known side

effect of these drugs is an increase in urinary tract infections, although

concerns have also been raised about increased rates of diabetic

ketoacidosis, bone fractures, and bladder cancers.22 Increased com-

plaints of polyuria, associated with the osmotic diuresis phenomenon

of SGLT-2 inhibitors, have also been documented, along with concur-

rent hemoconcentration.22 Safety alerts have been issued by the US

Food and Drug Administration (FDA) about the increased risk of

decreased bone mineral density, leg or foot amputations (canagliflo-

zin), and risk of ketoacidosis with SGLT-2 inhibitors.23

In 2008, the US FDA suggested that new antidiabetic therapies

be evaluated for associated alterations of cardiovascular risk, given

concerns that specific glucose-lowering drugs might worsen cardio-

vascular outcomes (CVOs).24,25 Empagliflozin was the first novel

SGLT-2 inhibitor with results on cardiovascular outcomes. The EMPA-

REG OUTCOME trial (Table 1), which randomized patients to receive

10 mg empagliflozin, 25 mg empagliflozin, or placebo once daily, was

a multi-center trial that included 7020 adults at high cardiovascular

risk (based on history of cardiovascular disease) and with glycated

hemoglobin between 7.0% and 9.0% (or 10.0% if on stable glucose-

lowering therapy).26 The primary outcome of EMPA-REG OUTCOME,

which was a composite of cardiovascular death, non-fatal myocardial

infarction, and non-fatal stroke, was significantly less likely to occur in

the pooled empagliflozin group (10.5%) compared to the placebo

group (12.1%, P = 0.04). The secondary outcome, cardiovascular

death, occurred in 12.8% of patients in the empagliflozin group com-

pared to 14.3% of the placebo group, although this difference was not

statistically significant (P = 0.08).26 Interestingly, there was not a

significant change in the rate of myocardial infarction or stroke

between the two groups; hospital admission for heart failure, how-

ever, was significantly less likely in the empagliflozin group (occurring

in 2.7%) vs the placebo group (4.1%, P = 0.002).26 After the first

12 weeks of the trial, during which glucose-lowering therapy was held

stable, those in the empagliflozin group had glycated hemoglobin

levels about 0.5 percentage points lower than those in the control

group, with little difference between the 10 and 25 mg/day groups.26

At 4 years, the difference between the empagliflozin groups and the

placebo groups was about 0.3%, although adjustment of antiglucose

medications was allowed after week 12.26 Rates of serious adverse

events, adverse events, and overall rates of urinary tract infection and

pyelonephritis were similar between the empagliflozin groups and the

placebo group, although adverse, severe adverse and serious adverse

events, genital infections, and urinary tract infections were signifi-

cantly more in the pooled empagliflozin group compared to the pla-

cebo group.26

Subsequently, the effects of treatment with canagliflozin, another

SGLT2 inhibitor on cardiovascular events were investigated in the

CANVAS and CANVAS-R studies, which were published in combined

form as the CANVAS Program (Table 1).27 The combined trials

included 10 142 patients in 30 countries, with a minimum follow-up

of 78 weeks (median 126 weeks).27 Notably, while all CANVAS Pro-

gram patients were at high cardiovascular risk based on the presence

of risk factors, only 65.6% had history of cardiovascular disease, com-

pared to >99% in the EMPA-REG OUTCOME trial.27 Similar to the

EMPA-REG OUTCOME study, participants treated with canagliflozin

saw an average decrease of 0.6% in glycated hemoglobin and about

1.6 kg in body weight when compared to patients receiving placebo

at follow-up.27 The event rate for the primary outcome, a composite

of cardiovascular death, non-fatal myocardial infarction, or non-fatal

stroke, was observed significantly less in patients randomized to cana-

gliflozin than those randomized to placebo (drug vs placebo: events in

26.9 vs 31.5 participants per 1000 patient-years, hazard ratio

(HR) 0.86, P = 0.02).27 Event rates for the secondary outcome (death

from any cause) did not statistically differ, at 17.3 vs 19.5 events per

1000 patient-years (P = 0.24).27 Serious adverse events were more

likely to occur in the placebo group, at 120.0 adverse events per 1000

patient-years, compared to the canagliflozin group, at 104.3 adverse

events per 1000 patient-years (P = 0.04).27 However, the canagliflozin

group experienced a greater rate of amputation (6.3 vs 3.4 events per

1000 patient-years, P < 0.001); infection of male genitalia (34.9 vs

10.8, P < 0.001); mycotic genital infection in females (68.8 vs 17.5,

P <0.001); bone fractures (15.4 vs 11.9, P = 0.02); and volume deple-

tion (26.0 vs 18.5, P = 0.009).27

More recently, the effects of treatment with dapagliflozin,

another SGLT2 inhibitor upon cardiovascular events were evaluated

in the DECLARE—TIMI trial, which randomized 17 160 patients with

type 2 diabetes and either established cardiovascular disease or multi-

ple cardiovascular risk factors to 10 mg dapagliflozin or placebo once

daily.28,29 Participants treated with dapagliflozin did not result in a

lower rate of major adverse cardiovascular events (MACE) (8.8% in

the dapagliflozin group and 9.4% in the placebo group; HR, 0.93; 95%

CI, 0.84-1.03; P = 0.17) but resulted in a lower rate of cardiovascular

death or hospitalization for heart failure (4.9% vs 5.8%; HR, 0.83; 95%
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CI, 0.73-0.95; P = 0.005) when compared with placebo.30 A meta-

analysis of 9339 patients enrolled in either phase 2b (5 studies) or

phase 3 (16 studies) trials of dapagliflozin found a non-significant

trend towards benefit in event rates of MACE (1.15 per 100 patient-

years in dapagliflozin groups vs 1.69 per 100 patient-years, HR 0.77

95% CI 0.54-1.10).31 Of note, dosages ranged from 2.5 to 10 mg

dapagliflozin daily and some studies included a comparator group

rather than a placebo. Smaller randomized trials have shown similar

change in body weight and blood pressure at 24 weeks to those

observed with other SGLT-2 inhibitors.32

In addition, Wu et al performed a meta-analysis of six regulatory

submissions (37 525 participants) and 57 published trials (33 385 par-

ticipants), which included seven different SGLT-2 inhibitors.33 The

authors found that the relative risk (RR) of cardiovascular death was

0.63 (0.51-0.77, P < 0.0001) in favor of those treated with SGLT-2

inhibitors and the RR of MACE was 0.84 (0.75-0.95, P = 0.006).33

Non-fatal stroke risk, with RR 1.3, was borderline increased

(1.00-1.68, P = 0.049). Notably, over 50% of the participants included

in this meta-analysis were from the EMPA-REG OUTCOME study.33

A recent meta-analysis that included 82 SGLT-2 trials and 1968 major

cardiovascular events further confirmed that SGLT2 inhibitors were

protective against major cardiovascular events, heart failure, as well as

all-cause mortality.34 When interpreting the effects of SGLT-2 inhibi-

tors on cardiovascular outcomes it is important to consider the benefi-

cial effects of concurrent antihypertensive therapies on these

outcomes. The new 2017 ACC/AHA guidelines recommend a treat-

ment goal of less than 130/80 mm Hg for patients with diabetes.35

Although these studies were performed prior to the new hypertension

guidelines in 2017,36 most patients were on some degree of blood

pressure control therapy. Approximately, 80% of patients in both the

EMPA-REG OUTCOME and CANVAS Program studies were on a

renin-angiotensin-aldosterone system modifying medication at base-

line, with 65% and 54% on a beta blocker and 43% and 44% on a

diuretic in each trial, respectively. Baseline systolic blood pressures

were below the 2014 guidelines set by the eighth Joint National Com-

mittee (less than 140/90 mm Hg for those under 60 years, less than

150/90 mm Hg for those older than 60 years).26,27,37 Once the new,

lower goals for blood pressure treatment have been fully adopted, it

will be important to reassess the effectiveness of the glucose-

modifying medications described in this systematic review. Future

investigation will be needed to elicit whether these beneficial effects

of SGLT-2 inhibitors are still present in patients treated under the

2017 ACC/AHA guidelines.35

The mechanism through which SGLT2 inhibitors affect changes in

cardiovascular outcomes is not entirely known. It is suspected that, in

addition to the decrease in glucose levels, small but favorable effects

on other CV risk factors contribute. These include decrease in body

weight, favorable modifications to lipid levels, and lower blood pres-

sure.29 It is unlikely that inhibition of the SGLT2 pathway has direct

effects on cardiac tissue; while SGLT1 receptors have been demon-

strated to be present in the heart, SGLT-2 receptors have not.29 The

precise mechanisms of the CV effects of SGLT2 inhibitors still remain

to be fully understood. Ultimately, more mechanistic studies with lon-

ger follow-up are needed to understand the nature of CV effects and

determine whether these cardioprotective effects are sustained.

1.2 | GLP-1 agonists

In 1964, Elrick et al showed that oral glucose administration stimu-

lated greater insulin secretion than intravenous glucose administra-

tion.38 These effects were later showed to be driven by gut-derived

incretins, such as glucagon-like peptide 1 (GLP-1). GLP-1 is a peptide

secreted from the gut in response to food intake. GLP-1 can improve

glucose control in patients with diabetes through several mechanisms

which include enhanced insulin secretion from beta cells, delayed gas-

tric emptying, and inhibition of glucagon secretion. Furthermore, GLP-

1 induces satiety which can lead to weight loss and subsequently

improved insulin resistance. These observations have led to the devel-

opment of a new class of drugs that enhance the action of GLP-1,

GLP-1 agonists.39,40 Postulated mechanisms of action of this new

class of drug include increase in insulin levels, decrease in glucagon

levels as well as delay in gastric emptying.41,42 Native incretin hor-

mone GLP-1 has a very short plasma half-life and thus its antihyper-

glycemic effects can only be exploited by augmenting its half-life. This

can be achieved by exendin-based therapies (exenatide, exenatide

once weekly), dipeptidyl peptidase-4-resistant analogs (lixisenatide,

albiglutide), and analogues of human GLP-1 (liraglutide, taspoglutide)

which in turn have different half-lives.43

The LEADER trial, one of the first GLP-1 agonist trials evaluated

the effects of the addition of liraglutide, a GLP-1 agonist, on MACE,

defined as CV death, nonfatal MI, or nonfatal stroke, in 9340 patients

with diabetes and elevated cardiovascular risk when compared with

placebo.44 72% of these patients had established cardiovascular dis-

ease at baseline; mean glycated hemoglobin level was 8.7%.44 After a

median of 3.8 years of follow up, 13.0% of patients in the liraglutide

group had experienced MACE, compared to 14.9% in the placebo

group (P = 0.01, HR 0.87).44 While the overall rate of myocardial

infarction was slightly lower in the liraglutide group (1.6 vs 1.9 per

100 patient-years in placebo, P = 0.046), no significant trends were

observed in rates of fatal MI, stroke, or hospitalization for heart fail-

ure.44 At 36 months, patients in the liraglutide group experienced an

average decrease in weight of 2.3 kg more than those in the placebo

group, in addition to a 1.2 mm Hg decrease in systolic blood pressure

and an increase in heart rate of 3.0 beats per minute. Patients in the

liraglutide group had elevated amylase and lipase compared to those

in the placebo group, as well as a non-significantly elevated incidence

of pancreatic carcinomas (0.3% vs 0.1%, P = 0.06).44 Glycated hemo-

globin levels in the liraglutide group were 0.40 percentage points

lower than those of the placebo group.44 The FIGHT trial evaluated

the use of liraglutide in patients recently hospitalized with heart fail-

ure and reduced left ventricular ejection fraction and did not show

any clinical benefit post heart failure hospitalization.45 The LIVE trial

evaluated the use of liraglutide on patients with advanced cardiomy-

opathy and chronic heart failure. This study not only confirmed prior

results but also showed that liraglutide is associated with an increase

in heart rate as well as more serious cardiac adverse events in patients

with chronic heart failure and reduced left ventricular function.46

Another independent GLP-1 agonist study, the ELIXA study, eval-

uated the effects of lixisenatide when compared to placebo in 6068

diabetes patients who had a history of myocardial infarction or hospi-

talization for unstable angina in the previous 180 days.47 The primary
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outcome was a composite of cardiovascular death, myocardial infarc-

tion, stroke, or hospitalization for unstable angina.47 This end point

occurred in 13.4% of patients in the lixisenatide group and 13.2% of

patients in the placebo group (P = 0.81 for superiority); 4.0% of

patients in the lixisenatide group and 4.2% in the placebo group were

hospitalized for heart failure (P = 0.75).47 Average glycated hemoglo-

bin level difference across all visits was 0.27 percentage points lower

for those in the lixisenatide group compared to the placebo group.47

Furthermore, the SUSTAIN-6 trial evaluated the effects on inci-

dence of composite cardiovascular death, nonfatal stroke, and nonfa-

tal MI of 0.5 mg or 1.0 mg of another GLP-1-agonist, semaglutide,

given once weekly against placebo in 3297 patients.48 Seventy-two

percent of patients had established CV disease at baseline, and mean

glycated hemoglobin level was 8.7%. The primary composite outcome

occurred in 6.6% of patients in the semaglutide group, compared to

8.9% in the placebo group (P = 0.02).48 Rates of all-cause mortality

and cardiovascular mortality were similar between both intervention

and placebo groups; the rate of nonfatal stroke (0.80 per 100 person-

years) was significantly lower than the placebo group (1.31/100

person-years , P = 0.04).48 The mean glycated hemoglobin level, com-

pared to the placebo group, decreased by 0.7 percentage points in

patients in the 0.5 mg semaglutide group and 1.0 percentage points in

the 1.0 mg semaglutide group (P < 0.001 for both).48 Mean body

weight at week 104 was 2.9 kg lower in the 0.5 mg group and 4.3 kg

in the 1.0 mg group, compared to placebo; systolic blood pressure

was reduced by 3.4 and 5.4 mm Hg vs placebo, respectively.48 Treat-

ment discontinuation in the semaglutide group was higher than that in

the placebo group, largely driven by significantly increased incidence

of nausea and vomiting in the semaglutide group.48

Finally, the EXSCEL study tested the effects of 2 mg exenatide,

another GLP-1 agonist, administered once weekly against placebo on

the incidence of cardiovascular death, nonfatal MI, or nonfatal stroke

in 14 752 patients followed for a median period of 3.2 years.49 73%

of enrolled patients had previous cardiovascular disease, and baseline

glycated hemoglobin level was 8.0%.49 Mean glycated hemoglobin

level was 0.7 percentage points lower in the exenatide group at

6 months when compared to the placebo group (P < 0.001), though

this difference did narrow over time.49 The observed event rates for

the primary outcome were 3.7 events/100 person-years for the exe-

natide group, compared to 4.0 events/100 person-years in the pla-

cebo group (P = 0.06).49 There was not a significant difference in the

incidence rate of serious adverse events between the two groups.49

Even though overall mortality was lower in the exenatide treatment

group, the investigators noted that the threshold for significance was

not met with this outcome according to the pre-specified hierarchical

analysis plan.49 The mechanisms for improved CV outcomes with

semaglutide and liraglutide but not with lixisenatide remain to be elu-

cidated. At this point, it is not clear whether the improved CVOs are

due to a class-effect of GLP-1 agonists or due to specific medication

properties only, but future clinical trial will help answer this question.

Previous animal studies and clinical trials suggest possible CV benefits

of GLP-1 agonists through modulation of CV risk factors including

weight loss, reduction in blood pressure, improved lipid metabolism,

and effects on the vascular endothelium..50

This year, the HARMONY trial investigated almost 9500 patients

treated with either albiglutide (which was removed from the market in

2017) or placebo for a median 1.6-year follow-up period. Albiglutide

was shown to significantly reduce the risk of MACE by 22%; however,

the study did not show a significant reduction in death from cardio-

vascular causes, as was demonstrated with liraglutide, another GLP-1

agonist in the LEADER trial.51 This finding may be related to the short

duration of follow-up in the study.

The ongoing REWIND trial is a randomized placebo-controlled

trial which will test the cardiovascular effects of once-weekly dulaglu-

tide, another GLP-1 agonist in patients with type 2 diabetes. The high-

light of the trial is its high proportion of women and a predominantly

primary prevention population.52Another ongoing trial PIONEER 6 is

designed as a non-inferiority trial that will investigate the cardiovascu-

lar safety of oral semaglutide, another GLP-1 agonist compared with

placebo.53 Both these trials will provide important insight for regula-

tory approval of GLP-1 agonists.

Collectively, the overall signal that seems to emerge from the lit-

erature about the effects of these novel drugs is a positive effect on

CV outcomes among patients at risk for structural heart disease, a lack

of effects on heart failure outcomes among those with early cardiac

remodeling, and possible detrimental effects on heart failure out-

comes in patients with advanced symptomatic heart failure.54,55 The

new ADA standards along with the EASD guidelines, recently recom-

mended the use of SGLT2 inhibitors in patients with cardiovascular

disease and diabetes.56 Moreover, ACC consensus committee pub-

lished a statement endorsing the use of GLP-1 agonists along with

metformin in patients with T2DM with established atherosclerotic

cardiovascular disease after having a thorough physician-patient dis-

cussion regarding risk-benefit.57 Finally, although these novel thera-

pies have demonstrated a clear and definite cardiovascular disease

advantage at mid-term follow up, results from longer term follow up

are awaited. Considering these trials have been short-mid-term

follow-up studies, prospective studies are needed to investigate the

effects on long-term vascular endpoints and mortality.

2 | CONCLUSIONS

In summary, SGLT-2 inhibitors (empagliflozing and canagliflozin) and

GLP-1 agonists (liraglutide, semaglutide) have been shown to improve

CVOs in patients with T2DM. The American Diabetes Association

2018 standard of care guidelines recommended for the first time the

addition of a second antihyperglycemic agent that can reduce MACE

in select patients with T2DM and pre-existing atherosclerotic cardio-

vascular disease.30 Future clinical trials will investigate whether these

beneficial effects are sustained over time and whether other agents

can have similar results. It is certainly important that new options for

the prevention of CVD in patients with T2DM have become available,

that go beyond the traditional treatments with hypertensive and lipid-

lowering medications. Whether the extended use of these drugs will

eventually decrease the CVD mortality in the large population of

patients with T2DM remains to be examined in future epidemiologic

studies.
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