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Abstract

Introduction—Cardiovascular disease remains the major contributor to morbidity and mortality 

in diabetes. From the need to reduce cardiovascular risk in diabetes and to ensure that such risk is 

not exacerbated by drug treatments, governmental regulators and drug manufacturers have focused 

on clinical trials evaluating cardiovascular outcomes.

Areas covered—Findings from mechanistic and clinical trials of biguanides, sulfonylureas, 

thiazolidinediones, dipeptidyl peptidase-4 (DPP-4) inhibitors, glucagon-like peptide-1 (GLP-1) 

receptor agonists, and sodium-glucose transporter 2 (SGLT-2) inhibitors will be reviewed. These 

drug classes will be compared within the context of available cardiovascular outcomes data. 

Clinical implications of new study regulations will be examined.

Expert opinion—Recent cardiovascular studies provide a more comprehensive evaluation of 

specific anti-diabetes therapy in individuals with high cardiovascular risk. Long-term effects of 

anti-hyperglycemic agents in patients with lower cardiovascular risk are still speculative. 

Historical data supports continued use of metformin as a first-line agent. DPP-4 inhibitors and 

GLP-1 receptor agonists appear to have neutral effects on cardiovascular outcomes. The 

significantly decreased cardiovascular risk associated with empagliflozin SGLT-2 inhibitor therapy 

is impressive and may change how practitioners prescribe add-on therapy to metformin.

Keywords

cardiovascular risk; biguanides; dipeptidyl peptidase-4 inhibitors; glucagon-like peptide-1 
agonists; sodium-glucose transporter 2 inhibitors; sulfonylureas; thiazolidinediones

Correspondence to: Stephen N. Davis.

Lisa M. Younk, BS, Clinical Research Specialist, Department of Medicine, University of Maryland School of Medicine, 3-013 
Bressler Research Building, 655 W. Baltimore St., Baltimore, MD 21201, lyounk@medicine.umaryland.edu, Contact phone: 
410-706-5643, Contact fax: 410-706-5648
Elizabeth Mary Lamos, M.D., Assistant Professor of Medicine, Endocrinology, Diabetes and Nutrition, University of Maryland School 
of Medicine, 827 Linden Ave, 2nd Floor, Baltimore, Maryland 21201, elamos@medicine.umaryland.edu, Contact phone: 
443-682-6800, Contact fax: 443-552-2991
Stephen N. Davis, M.B.B.S., F.A.C.P†, Theodore E. Woodward Professor and Chair of Medicine, Physician-in-Chief, University of 
Maryland Medical Center, 22 South Greene St. N3W42, Baltimore, Maryland 21201, sdavis@medicine.umaryland.edu, Contact 
telephone number: 410-328-2488, Contact fax number: 410-328-8688

Declaration of Interest
SN Davis is a consultant to Sanofi. The authors have no other relevant affiliations or financial involvement with any organization or 
entity with a financial interest in or financial conflict with the subject matter or materials discussed in the manuscript apart from those 
disclosed.

HHS Public Access
Author manuscript
Expert Opin Drug Saf. Author manuscript; available in PMC 2017 September 01.

Published in final edited form as:
Expert Opin Drug Saf. 2016 September ; 15(9): 1239–1257. doi:10.1080/14740338.2016.1195368.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



1. Introduction

The association between diabetes and the increased risk for cardiovascular disease (CVD) 

and events is well established. The risk of vascular diseases is doubled with the diagnosis of 

diabetes [1], and the relative risk of myocardial infarction (MI) and stroke is increased by 

80% and 50%, respectively, in those with versus those without diabetes [2]. Although rates 

of CVD and CVD mortality have universally decreased, the risk of CVD mortality among 

the diabetes population remains 2–4-fold higher than that of the non-diabetic population 

[3,4].

Early on in the series of clinical trials designed to examine intensified glycemic control 

(Table 1), evidence from the United Kingdom Prospective Diabetes Study (UKPDS) 

suggested that improving glycemic control could mitigate cardiovascular risk in type 2 

diabetes mellitus (T2DM). In newly diagnosed T2DM, 10 years of intensive treatment with 

insulin or sulfonylurea (SU) was associated with a borderline significant reduction in the 

aggregate endpoint of non-fatal MI, fatal MI, and sudden cardiac death [5]. In a 10-year 

post-study follow-up, a significant 15% reduction in risk of MI (p<0.01) was detected in the 

intensive treatment group, despite no difference in HbA1c between the intensive and 

conventional treatment groups 1 year after the start of the follow-up period [6].

Evidence was less compelling in three later glycemic control trials (Table 1). In the 

ACCORD study [7], no difference in the primary composite outcome of non-fatal MI, non-

fatal stroke, and death from cardiovascular causes was observed between intensive and 

conventional treatment groups over 3.5 years of follow-up. Further, there was an increased 

risk of all-cause mortality in the intensively treated group, which led to early cessation of the 

trial. Using the same composite end point, the ADVANCE study [8] also did not find an 

improvement in cardiovascular outcomes in intensive- versus standard-treated T2DM after 5 

years. Similarly, after 5.6 years of follow-up, the VADT [9] found no difference in major 

cardiovascular events or death between intensive and standard treatment groups. Contrarily, 

after 9.8 years of follow-up to the VADT interventional period, intensive glycemic control 

was significantly associated with an increase in time to the first major cardiovascular event 

(17% relative reduction in risk), using the composite endpoint of non-fatal MI, non-fatal 

stroke, new or worsening congestive heart failure, amputations for ischemic gangrene, or 

death from cardiovascular causes [10]. However, cardiovascular and all-cause mortality were 

not different between groups.

Synchronously, it also became clear that specific anti-diabetes medications can impact 

cardiovascular parameters independent of glucose-lowering effects. In the aforementioned 

UKPDS trial, metformin was associated with greater improvements in any diabetes-related 

end point, all-cause mortality, and stroke compared to SU or insulin [11]. The UKPDS trial 

[11] also raised concerns that addition of metformin to SU treatment could lead to an 

increased risk for diabetes-related mortality. Nearly a decade later, the cardiovascular safety 

of rosiglitazone came into question when a meta-analysis found the treatment to be 

significantly associated with an increased risk for MI and borderline significantly associated 

with an increase in risk of death from cardiovascular causes [12].
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In the context of findings from glycemic control trials and relationships between anti-

diabetes medications and cardiovascular risk, researchers, clinicians, and regulating bodies 

face specific challenges in the development, assessment, and prescription of anti-diabetes 

therapies. First, there is a need to identify therapies that can ameliorate cardiovascular risk 

whilst improving glycemic control. The lack of consistent association between improved 

glycemic control and improved cardiovascular outcomes is perhaps not surprising, given that 

diabetes mellitus is associated with several cardiovascular risk factors that are not 

universally improved with treatment of hyperglycemia, including obesity, high blood 

pressure, high cholesterol, systemic inflammation, and endothelial dysfunction. In fact, 

several studies have now shown that a multifactorial approach to diabetes treatment is 

beneficial to improving outcomes [13,14]. Given this, therapies that improve one or more 

cardiovascular parameters concurrently with improvements in glycemic control are highly 

enticing. However, such single-bullet agents have not caused the expected improvement in 

cardiovascular outcomes, with discrepancies arising between promising early phase clinical 

trial findings and neutral cardiovascular outcomes of late phase large clinical trials. In other 

instances, cardiovascular outcomes are improved with no clear mechanism of action.

Second, there is a need to ensure that current and future therapies do not exacerbate the 

already excessive cardiovascular risk in patients with type 2 diabetes. As a result of concerns 

over the potential for adverse cardiovascular outcomes with anti-diabetes therapies, the Food 

and Drug Administration (FDA) established new guidelines for evaluating cardiovascular 

effects of anti-diabetes medications [15]. These guidelines have stimulated a number of large 

pre- and post-approval cardiovascular outcomes studies for the newer anti-diabetes drug 

classes (Table 2), and data from those trials are becoming available.

The purpose of this review is to describe the cardiovascular effects, as currently understood, 

of the longer-prescribed drug classes of SUs, biguanides, and thiazolidinediones (TZDs), as 

well as the newer dipeptidyl peptidase-4 (DPP-4) inhibitors, glucagon-like peptide-1 

(GLP-1) receptor agonists, and sodium-glucose cotransporter 2 (SGLT-2) inhibitors (Table 3 

and 4). The benefits, challenges, and limitations of these cardiovascular studies will be 

examined, and the clinical implications of published and forthcoming results will be 

discussed.

To provide a broader view of the evidence available and to cover results from numerous 

small clinical trials, findings from retrospective analyses, population studies, and meta-

analyses have been included. Results from such studies can be controversial. While these 

studies can pool data from multiple small studies and increase the accuracy in approximating 

the effects of a therapy, it is acknowledged that, although powerful in number of patients and 

data pooled, these studies may also in fact provide biased or inaccurate results due to trial 

inclusion, availability of information, and method of analysis. Where available, large, 

randomized controlled trials are included, understanding that these study designs represent 

the gold-standard of clinical evidence.

The literature examining and describing the cardiovascular effects of the insulin drug class is 

vast and will not be covered in this review. Please see Younk et al [16] for a discussion of 

this topic. Due to the limited efficacy of and capacity to prescribe certain classes of anti-
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diabetes drugs, such as alpha glucosidase inhibitors [17–21], dopamine agonists [22,23], and 

bile acid sequestrants [24], limited information is available regarding the cardiovascular 

effects of such medications. For inclusivity, cardiovascular information for these treatments 

is contained in Table 3.

2. Cardiovascular Effects of Anti-Diabetes Medications by Drug Class

2.1 Sulfonylureas and Meglitinides

As early as the University Group Diabetes Program (UGDP) study, evidence suggested that 

SU therapy was associated with adverse cardiovascular outcomes [25], with initial data 

suggesting that tolbutamide therapy was associated with increased cardiovascular mortality. 

The data and study design were subsequently reviewed and there was no difference in MI or 

diabetes related deaths between those that were randomized to SU or insulin therapy. 

However, the relationship of insulin secretagogue therapy and cardiovascular effects was 

highlighted.

Coincident with the publication of this clinical data, the adenosine triphosphate-sensitive 

potassium (KATP) channel, SU receptor, and Kir6.x (therapeutic targets of SUs and glinides 

in pancreatic beta cells) were identified in cardiac myocytes. Further research elucidated 

different binding affinities of specific SUs and glinides at the pancreatic and cardiac KATP 

channels [26,27]. Thus, a direct connection between insulin secretagogue therapy and the 

potential for adverse effects on the cardiac system became clearer.

Not long after UGDP, the concept of “ischemic preconditioning” was coined. Pre-clinical 

studies in dogs demonstrated that a brief ischemic episode in anaesthetized dogs slows the 

rate of adenosine triphosphate depletion during succeeding ischemic episodes [28]. Later, it 

was demonstrated that brief episodes of ischemia had a protective cardiac effect on cardiac 

necrosis or angina [29,30]. Subsequently, studies showed that SUs appeared to abolish any 

protective preconditioning response [31–33]. However, in a study comparing individuals 

treated with glyburide (also known as glibenclamide) or glimepiride with repeat balloon 

dilation, healthy and diabetic glimepiride-treated patients had improvements in ischemic 

burden which indicated continued protection by ischemic preconditioning. Glyburide 

therapy abolished the cardio-protective effect of preconditioning and demonstrated no 

improvements in any ischemic cardiac measures [34]. The preservation of ischemic 

preconditioning has been replicated in individuals receiving glimepiride [35,36], gliclazide 

[37] and glipizide [38]. In two studies of patients undergoing consecutive exercise treadmill 

stress tests, repaglinide appeared to abolish ischemic preconditioning [39,40]. Clinical 

studies suggest that the differing effects of various SU on ischemic preconditioning may be a 

result of agent-specific binding affinity for KATP channels on cardiac myocytes, which could 

explain why glimepiride and gliclazide generally demonstrate improved morbidity and 

mortality compared to glyburide [41,42].

Individuals with diabetes and heart disease have been studied in various scenarios of cardiac 

stress. In conditions of acute MI undergoing angioplasty, higher in-hospital and early 

mortality were associated with SU therapy [43]. Contractility of atrial tissue with recurrent 

ischemia and reperfusion is impaired in those taking SU therapy compared to insulin [44]. 
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Glyburide therapy has been associated with worsened myocardial function assessed by 

echocardiogram stress testing compared to insulin [45] and worsened chest pain after 

subsequent balloon angioplasty inflations [46].

Large clinical trials have ultimately not demonstrated a consistent effect on long term 

comprehensive cardiovascular endpoints (Table 4). The UKPDS suggested that glyburide or 

chlorpropamide improved glycemic control and reduced complications from diabetes and 

did not increase mortality [5]. The ADVANCE trial found that gliclazide therapy in the 

intensive treatment group was associated with reduced incidence of the combined outcome 

of major macro- and microvascular events but did not reduce major cardiovascular events or 

death at 5 year follow-up [8]. After a median follow-up of 2 years, the DIGAMI 2 trial found 

that those discharged on a SU after acute MI had no increased risk for mortality, stroke, or 

recurrent MI, compared to those discharged on insulin [47]. Two retrospective studies and a 

meta-analysis of observational studies suggested that cardiovascular risk was increased in 

those on SU therapy compared to metformin [42,48] and in those individuals with 

combination therapy of metformin and SU therapy compared to diet or monotherapy with 

metformin or SU [48,49]. However, it must be stressed that the observational design of these 

studies does not control for confounding variables and therefore findings should be 

considered with caution.

The cardiovascular effects of glinide therapy have not been extensively studied. Repaglinide 

therapy has been associated with improvement of surrogate cardiovascular markers [50] and 

reduced inflammatory markers [50–52]. In a retrospective population-based study, at a 

median of 3 years, repaglinide improved mortality compared to glyburide, glimepiride, 

glipizide, and tolbutamide but cardiovascular and overall mortality between repaglinide, 

gliclazide, and metformin were similar [53]. Additionally, in a randomized, placebo-

controlled trial, nateglinide did not reduce incident cardiovascular risk in individuals with 

impaired glucose tolerance and established CVD or risk factors [54].

2.2 Biguanides: Metformin

Numerous studies have examined the effects of the biguanide, metformin, on cardiovascular 

parameters to identify possible underlying mechanisms that could result in favorable 

cardioprotection (Table 3). Metformin has been shown to inhibit release of inflammatory 

markers in vitro [55] and reduce reactive oxygen species and advanced glycosylation end 

products [56–58]. In the Diabetes Prevention Program, C-reactive protein was reduced in 

non-diabetic subjects receiving metformin, but the benefits were lost in those that progressed 

to T2DM [59]. Metformin has been demonstrated to have neutral to beneficial effects on 

coagulation markers [60–62].

In an investigation of metformin treatment in previously diet-treated T2DM subjects, carotid 

artery diameter and blood flow during systole were increased after 4 months [60], but 

endothelium dependent and independent vasodilation of the brachial artery were unchanged. 

In two other studies, metformin treatment improved endothelium-independent blood flow in 

T2DM and endothelium-dependent blood flow in metabolic syndrome [63,64]. Therefore, it 

appears that metformin may be able to enhance either nitric oxide dependent or independent 

vasodilation depending on disease state.
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The UKPDS trial still dominates morbidity and mortality data for metformin (Table 1 and 

4), with respect to the size and duration of the study and the follow-up period. In the 

UKPDS trial, metformin treatment in obese, newly diagnosed T2DM significantly reduced 

the risk for any diabetes-related end point, diabetes-related mortality, and all-cause mortality 

compared to conventional therapy. At the 10-year follow-up, this association was continued, 

along with a significant decrease in MI [6]. Metformin therapy in obese patients was also 

found to significantly reduce the diabetes-related end point, all-cause mortality, and stroke 

compared to insulin and SU-treated non-obese patients [11]. The results of the UKPDS trial 

have been criticized [65], in part because add-on therapy was allowed for all groups when 

glycemic goals were not met so that there was considerable treatment overlap among groups 

(metformin, SU, and insulin groups). Since then, several smaller clinical trials and 

subsequent meta-analyses have been conducted in attempts to substantiate whether or not a 

beneficial association exists between metformin and cardiovascular events. A 2005 

Cochrane review concluded that additional trials did not alter the findings of the UKPDS 

trial [66]. In a meta-analysis conducted by Lamanna et al [67], metformin significantly 

reduced the risk of cardiovascular events compared to placebo or no therapy, but no 

differences in cardiovascular events were found when compared to other anti-diabetes drugs. 

In a subsequent meta-analysis, Boussageon et al [68] found no effect of metformin on all-

cause or cardiovascular death compared to diet, placebo, or no treatment, in metformin add-

on therapy compared to other add-on therapies, and in metformin withdrawal.

Cardiovascular outcomes in those with pre-existing CVD treated with metformin have been 

studied. The Reduction of Atherothrombosis for Continued Health Registry, a prospective, 

observational study, demonstrated a reduction in all-cause mortality rates among those with 

diabetes and established atherothrombosis treated with metformin compared to those who 

did not receive metformin [69]. In an epidemiological analysis of the data from the DIGAMI 

2 study (a prospective, randomized, open-treatment trial), metformin was associated with a 

lower risk for non-fatal MI and stroke [47]. In a post-hoc analysis of follow-up data from 

that study, recent exposure to metformin had a lower total mortality rate but risk of 

cardiovascular death was not affected [70]. Compared to non-metformin anti-diabetes 

treatment, metformin treatment (plus other anti-diabetes medications) had a reduced 

adjusted odds ratio for any clinical event (death, MI, ischemia-driven target vessel 

revascularization), primarily attributable to reductions in death and MI [71].

The FDA places strong warnings against the use of metformin in patients with T2DM and 

heart failure because of concerns of an increased risk of lactic acidosis. However, there have 

been calls for a re-evaluation of this labeling, owing to minimal data supporting a significant 

increase in risk of lactic acidosis and indications of a protective effect of metformin against 

cardiovascular events in this population [72]. In a meta-analysis of such studies, the adjusted 

relative risk for all-cause mortality and all-cause hospitalizations was significantly reduced 

with metformin mono- or combination therapy compared to other treatments [73].

2.3 Thiazolidinediones

Targeting a nuclear receptor, TZDs (peroxisome proliferator-activated receptor gamma 

agonists) have pleiotropic effects (Table 3). Both pioglitazone and rosiglitazone are 

Younk et al. Page 6

Expert Opin Drug Saf. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



associated with reduced C-reactive protein and plasminogen activator inhibitor-1 [74–76]. 

TZDs also inhibit inducible nitric oxide synthase, interleukin-1β, interleukin-6, and tumor 

necrosis factor α [77]. There is considerable concern over the fluid retention effects of 

TZDs, with increased incidence of edema and congestive heart failure with treatment 

[78,79]. The edema observed in 5–20% of the treatment population, depending on 

concomitant therapies, is believed to be the result of renal sodium retention, along with a 

potential increase in vascular permeability.

The first large cardiovascular outcomes study for the TZD class (Table 4), the PROACTIVE 

study, examined the effects of pioglitazone treatment on the primary endpoint composite of 

all-cause mortality, MI, stroke, acute coronary syndrome (ACS), leg vascular surgery, and 

amputation in patients with T2DM and evidence of macrovascular disease [80]. No 

difference was observed between pioglitazone and placebo treatment groups. However, the 

secondary composite endpoint of all-cause mortality, MI, and stroke was significantly 

reduced with pioglitazone. In a post-hoc analysis of a subset of patients with previous MI, 

there was a significant reduction in fatal and non-fatal MI and ACS as well as the composite 

of MI, ACS, and cardiac death [81]. In a separate post-hoc analysis of patients with previous 

stroke, pioglitazone significantly reduced the risk of recurring fatal or non-fatal stroke, as 

well as the composite of cardiovascular death, non-fatal MI, and non-fatal stroke [82]. A 

higher incidence of heart failure or hospitalizations related to heart failure has been detected 

albeit with no difference in fatal heart failure between groups [80,81]. Subsequent meta-

analyses have tended to find no difference or a reduction of cardiovascular events with 

pioglitazone treatment [83–85]. A meta-analysis of 19 studies, including PROACTIVE, 

found a reduction in the composite endpoint of death, MI, and stroke, along with an increase 

in serious heart failure [85]. In a randomized controlled trial published this year, 

investigators evaluated pioglitazone in patients with insulin resistance (but not T2DM) and 

recent ischemic stroke or transient ischemic attack [86]. Compared to placebo, pioglitazone 

significantly reduced the risk of the composite primary outcome of non-fatal stroke, fatal 

stroke, or MI. All-cause mortality was similar between groups, and risk of weight gain and 

edema were still present with pioglitazone treatment in this insulin resistance population.

While the RECORD cardiovascular outcomes study was being conducted for rosiglitazone 

treatment [87], a 2007 meta-analysis by Nissen et al was published, indicating a significantly 

increased risk for MI and a trend toward an increased risk of cardiovascular death with 

rosiglitazone [12]. Another meta-analysis published that year found an increased risk of MI, 

as well as heart failure, but no difference in risk of cardiovascular mortality [88]. A 

retrospective analysis conducted by Glaxo-Smith-Kline, the maker of rosiglitazone, also 

identified an increase in MI in the rosiglitazone groups [89]. Analysis of the RECORD trial, 

published in 2009, found that addition of rosiglitazone to either metformin or SU, compared 

to metformin plus SU, did not increase the composite endpoint of cardiovascular death, MI, 

and stroke. MI was non-significantly increased and heart failure was doubled in the 

rosiglitazone group [87]. This study was criticized for its open-label design and much lower 

event rates than expected [90]. At the request of the FDA, a re-evaluation and analysis was 

conducted. Again, no differences were found in cardiovascular outcomes, including MI and 

all-cause mortality [91,92].
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Analyses comparing pioglitazone with rosiglitazone have found a greater risk of stroke, 

heart failure, and all-cause mortality with rosiglitazone [93,94]. A forthcoming randomized, 

controlled study, TOSCA. IT, is examining the cardiovascular effects of pioglitazone versus 

SU on patients experiencing glycemic failure on metformin [95]. Due to continued concerns 

regarding the previously detected increase in MI, prescription of rosiglitazone is highly 

restricted. The mechanism of increased heart failure remains elusive but caution is warranted 

in prescribing TZDs in high risk populations.

2.4 Dipeptidyl Peptidase-4 Inhibitors

DPP-4 inhibitors have been predicted to have cardio-protective effects through GLP-1 

dependent mechanisms. Additionally, because of the enzymatic action of DPP-4, DPP-4 

inhibitors can impact many substrates including growth factors, chemokines, neuropeptides, 

and vasoactive peptides [96–98]. Therefore, this drug class may also exert GLP-1 

independent effects, although whether or not these effects could be beneficial or harmful to 

the cardiovasculature is not yet known.

A number of studies have explored the potential for cardio/vasculo-protective effects of 

DPP-4 inhibitors (Table 3). Four weeks of treatment with sitagliptin doubled endothelial 

progenitor cells, increased stromal cell-derived factor-1α, and decreased monocyte 

chemotactic protein-1 (MCP-1) [99]. An increase in endothelial progenitor cell release from 

bone marrow is associated with vascular repair [97], and the reduction in MCP-1 could have 

anti-inflammatory implications. The effect of gliptins on endothelial function is unclear. 

Vildagliptin was found to improve endothelium-dependent vasodilation in response to an 

acetylcholine infusion [100], but more recently Ayaori et al demonstrated a reduction in flow 

mediated dilation with sitagliptin and alogliptin treatment [101]. There is an ongoing study 

to determine the effects of 12 weeks of vildagliptin or glyburide as add-on to metformin 

therapy on endothelial function in patients with T2DM and hypertension [102].

An acute dose of sitagliptin was found to improve left ventricular ejection fraction (LVEF) 

and mitral annular velocity during a dobutamine stress test following 75 g of oral glucose in 

patients with known coronary artery disease and normal LV function [103]. A clinical trial 

designed to evaluate the effects of vildagliptin in patients with heart failure and LVEF ≤40% 

(VIVIDD) found no difference between treatment groups in the primary outcome of LVEF, 

but there was a statistically significant increase in left ventricular end diastolic volume and a 

trend toward an increase in left ventricular end systolic volume [104].

Due to their more recent development, DPP-4 inhibitors must fully undergo the new FDA-

required cardiovascular outcomes trials, and results of those studies have been published in 

the last two years (Table 2 and 4). The SAVOR-TIMI 53 study examined the cardiovascular 

outcomes of saxagliptin versus placebo in T2DM with a history of or risk for cardiovascular 

events [105]. No difference in risk was found in the primary composite endpoint of 

cardiovascular death, MI, and stroke, although surprisingly, there was a higher rate of heart 

failure hospitalizations. To examine the heart failure findings further, a post-hoc analysis was 

conducted, finding that the risk of hospitalization for heart failure was evident only in the 

first 12 months and was greatest in those with previous heart failure, an estimated 
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glomerular filtration rate of <60 ml/min, or an increased N-terminal pro B-type natriuretic 

peptide [106].

In the EXAMINE trial, patients with T2DM and either recent MI or unstable angina 

requiring hospitalization were randomized to alogliptin or placebo. No difference between 

groups was found for the composite primary endpoint of cardiovascular death, MI, and 

stroke [107]. In a post-hoc analysis from this study there were numerically more HF events 

in the alogliptin group, but alogliptin was found to be non-inferior for the composite 

endpoint of cardiovascular death and heart failure hospitalizations [108]. There is some 

concern that the risk of hospitalization for heart failure was significantly increased in the 

subgroup of alogliptin-treated patients with no prior heart failure. No increased risk was 

associated with alogliptin in patients with a history heart failure.

Two forthcoming randomized controlled studies, the CAROLINA and CARMELINA trials, 

will compare cardiovascular outcomes of linagliptin versus glimepiride and placebo, 

respectively, in T2DM with established or an increased risk for CVD [109]. Two pre-

specified meta-analyses of phase III studies of linagliptin versus placebo or active 

comparator have been published. The first found a significantly lower hazard ratio for 

linagliptin for the primary composite endpoint of cardiovascular death, MI, stroke, and 

hospitalization for unstable angina [110]. The second however found no difference between 

groups for this endpoint or risk of heart failure [111].

In the randomized controlled trial, TECOS, sitagliptin was compared to placebo in T2DM 

with CVD. No difference was reported for the primary composite endpoint of cardiovascular 

death, MI, stroke, or hospitalization for unstable angina [112]. Additionally, results from a 

pre-specified secondary analysis showed no increase in heart failure-related outcomes, 

including hospitalizations, in the sitagliptin group relative to placebo, regardless of baseline 

heart failure status [113].

In the VIVIDD trial described above, there were numerically more cardiovascular and all-

cause deaths with vildagliptin treatment [104]. In a post-hoc analysis from this study, 

vildagliptin was non-inferior to placebo for risk of worsening HF and hospitalizations for 

worsening HF [114]. This trial was small (n=254) and lasted only one year. No large, longer-

term randomized controlled trials appear to be underway. Beyond this, the cardiovascular 

outcomes for vildagliptin have been examined by meta-analysis, from which there was a 

trend for a lower relative risk for the composite endpoint of ACS, transient ischemic attack, 

stroke, and cardio- or cerebrovascular death [115].

A number of meta-analyses of pooled DPP-4 inhibitor trials have also been conducted. 

Several have now shown a significantly increased risk of heart failure in this drug class in 

total compared to placebo or active comparators [116–119]. A mechanism for this 

association is still speculative.

2.5 GLP-1 Receptor Agonists

GLP-1 receptors are found in the heart, blood vessels, gastrointestinal tract, kidney, lung, 

breast, and central nervous system, creating potential for altered signaling throughout the 
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body (Table 3). In vitro, liraglutide increases nitric oxide and suppresses nuclear factor-KB 

activation, leading to reductions in MCP-1 and vascular adhesion molecules [120]. 

Endothelin-1, tumor necrosis factor α, interleukin-1β, and interleukin-6 have also been 

shown to decrease, while adiponectin increases with liraglutide treatment [121,122]. Twice-

daily exenatide was associated with reductions in 8-iso-prostaglandin F2α (a marker of 

oxidative stress), MCP-1, high sensitiviy-C-reactive protein, and resistin [123,124].

Native GLP-1 has a very short half-life, and thus its cardiovascular effects have been 

explored via continuous intravenous infusion. LVEF, mitral annular systolic velocity, and 

global and regional wall motion score indices have improved at rest and during 

pharmacologic stress testing with GLP-1 infusion in those with overt CVD [125,126]. 

Another study found no difference in LVEF or cardiac index, but controls undergoing 

coronary artery bypass surgery required more inotropic, vasopressor, and vasodilator 

infusions to attain the same hemodynamic result [127]. In those with New York Heart 

Association class III/IV heart failure, GLP-1 infusion for 5 weeks significantly improved 

LVEF, VO2max, the 6 minute walk test distance, and quality of life scores [128]. Acute 

infusion of exenatide has also been shown to reduce pulmonary capillary wedge pressure in 

patients with T2DM and heart failure [129]. In patients with an acute MI undergoing 

primary percutaneous coronary intervention, short-acting exenatide was associated with a 

significant reduction in the area under the curve for the myocardial band of creatinine 

kinase, troponin I, infarct size, and absolute mass of the infarct area. High sensitivity-C-

reactive protein and LVEF were improved at follow-up [130]. Due to promising preliminary 

data, a clinical trial was developed to investigate liraglutide in 300 patients with heart failure 

and reduced LVEF (≤40%). Following 6 months of follow-up, however, there was no 

difference between liraglutide and placebo groups in rate of hospitalizations or death [131]. 

A number of the above studies recruited patients with and without T2DM. Questions remain 

as to whether or not the beneficial cardiovascular effects of GLP-1 receptor agonists are 

universal or if they are diminished or lost in obesity and T2DM [132].

Of this class of drugs, cardiovascular outcomes data is thus far only available for 

lixisenatide, a once-daily GLP-1 receptor agonist [133] (Table 4). In T2DM patients 

experiencing ACS within the previous 6 months, lixisenatide was non-inferior to placebo 

with regards to the primary end-point of cardiovascular death, non-fatal stroke, non-fatal MI, 

and unstable angina. Sub-group analyses indicated no difference between treatment groups 

for components of the primary endpoint and no increase in hospitalizations for heart failure 

was detected.

Randomized controlled trials to assess cardiovascular safety are still forthcoming for the 

remainder of the GLP-1 receptor agonists. Trials for exenatide (EXSCEL), dulaglutide 

(REWIND), liraglutide (LEADER), and semaglutide (SUSTAIN 6) will provide further 

understanding of cardiovascular outcomes of chronic GLP-1 receptor agonist therapy [134] 

(Table 2).

2.6 Sodium-Glucose Co-Transporter-2 Inhibitors

In relation to other classes of anti-diabetes medications, less information is available on the 

effects of SGLT-2 inhibitors on inflammation, coagulation, endothelial function, etc. (Table 
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3). Reductions in inflammation and oxidative stress have been found in rodent models 

treated with SGLT-2 inhibitors [135]. After 4 weeks of empagliflozin treatment, urinary 8-

iso-prostaglandin F2α was significantly reduced [136]. In young patients with type 1 

diabetes mellitus (T1DM), arterial stiffness was reduced during clamped euglycemia and 

hyperglycemia following treatment with empagliflozin for 8 weeks [137]. In T2DM, 

surrogate markers for arterial stiffness were significantly reduced with empagliflozin 

according to a meta-analysis of phase III and IV clinical trials [138].

A recently published large randomized controlled trial (Table 4) of cardiovascular outcomes 

in patients at high risk for cardiovascular events treated with empagliflozin (EMPA-REG 

OUTCOME) demonstrated remarkable beneficial cardiovascular effects. The hazard ratio 

for the composite endpoint of cardiovascular death, non-fatal MI, and non-fatal stroke was 

reduced with empagliflozin compared to placebo (0.86; 95.02% confidence interval, 0.74 to 

0.99) [139], with empagliflozin statistically non-inferior and superior to placebo. For the 

composite secondary outcome (the composite primary outcome plus hospitalization for 

unstable angina), empagliflozin achieved non-inferiority with a reduced hazard ratio of 0.89 

(95% CI, 0.78 to 1.01). Significant reductions were achieved for rates of cardiovascular 

death (−38%), all-cause mortality (−32%), and hospitalizations for heart failure (−35%). No 

between group difference was detected for MI, and the risk of stroke was non-significantly 

increased in the empagliflozin treatment group, thus, the improvement in the primary 

endpoint was driven by the reduction in cardiovascular death. The protective benefits, seen 

with both 10 mg and 25 mg doses of empagliflozin, occurred early in treatment and were 

sustained throughout the trial period. In a subsequent analysis, the investigators more closely 

examined heart failure and cardiovascular events [140]. In the overall analyses of all 

patients, empagliflozin reduced hazard ratios for heart failure hospitalization or 

cardiovascular death and hospitalization for heart failure, compared to placebo.

Like the DPP-4 inhibitors and GLP-1 receptor agonists, randomized controlled trials are 

ongoing to examine the cardiovascular outcomes of SGLT-2 treatment. Forthcoming studies 

are being conducted for canagliflozin (CANVAS, CANVAS-R, CREDENCE), dapagliflozin 

(DECLARE-TIMI 58), and ertugliflozin [134] (Table 2). In meta-analyses of cardiovascular 

events for canagliflozin and/or dapagliflozin treatment, there was no increase in risk for the 

composite endpoint of cardiovascular death, MI, and stroke [141–143]. In two of these 

analyses, a disproportionate increase in cardiovascular events, including stroke, was 

observed in the first month of treatment, after which there was no difference in event rate 

between groups [142,143]. The cause of this is as of yet unknown; some experts have 

speculated that the increase in events could be related to acute imbalances due to osmotic 

diuresis, but further investigation is required to determine if these findings were merely 

aberrations and to establish the underlying cause if risk does indeed exist [143].

3. Summary

The volume of data and publications on cardiovascular safety of individual agents or therapy 

interventions is vast and complex. Lessons from rosiglitazone have influenced regulation on 

the cardiovascular safety of new anti-diabetic therapies. Metformin is safe in high-risk 

populations and may even be protective, but usage in those with heart failure is still a matter 
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of debate and continued research. No large clinical trial has specifically investigated the 

cardiovascular benefits of this drug. Data from the TZD class illustrates the potential for 

drugs within the same class to have differential effects on cardiovascular outcomes, with 

rosiglitazone associated with increased risk. While pioglitazone treatment has been shown to 

provide cardiovascular benefit and is still widely available, edema and increased risk of heart 

failure remain major monitoring concerns if such treatment is selected. Pre-clinical data on 

SU therapy also suggest that there may be agent-specific differences in cardiovascular safety 

favoring one over another (i.e., glimepiride over glyburide/glibenclamide). Studies on 

cardiovascular outcomes with DPP-4 inhibitors, GLP-1 receptor agonists, and SGLT-2 

inhibitors have exclusively included patients with existing or high risk for CVD, and thus 

extrapolation from findings of these trials to lower-risk individuals is restricted. However, 

data suggest that, overall, the class of DPP-4 inhibitors is generally safe, although the signal 

for increased hospitalizations for heart failure that has arisen in some analyses should be 

further investigated. Comprehensive assessment of GLP-1 receptor agonist and SGLT-2 

inhibitor therapy is ongoing. Results for lixisenatide indicate neutral effects of this treatment 

on cardiovascular risk. Data on empagliflozin in high risk patients are exciting and 

encouraging, showing a dramatic reduction of cardiovascular events and death.

4. Expert Opinion

4.1 Cardiovascular risk of individual classes of anti-hyperglycemic agents

Decades of trials and investigative efforts have focused on assessing how to obviate the 

microvascular and macrovascular complications associated with hyperglycemia. From 

studies mainly concentrating on improving glycemic control (Table 1), reductions in 

microvascular complications have occurred [5,7,9,144], but there have been inconclusive 

findings regarding intensive diabetes therapy and improvement in macrovascular 

complications. Recent diabetes trials [8,9,144,145] with intensive glucose control did not 

prevent macrovascular complications in older patients with long-standing diabetes with 

either CVD or risk for CVD. Additionally, intensive therapy was associated with increased 

mortality in the ACCORD trial [7].

Using the large clinical trials of the 1990s and early 2000s, treatment guidelines have 

attempted to create an algorithm that takes into account many of the aspects of individual 

therapies (i.e., glycemic efficacy, hypoglycemia risk, weight effects, side effects and cost), 

but have been unable to distinctly prioritize individual therapies based on macrovascular or 

cardiovascular risk (with the exception of rosiglitazone). Thus, to address how a treatment 

plan could be individualized from a cardiovascular context, historic data from more 

established therapies where cardiovascular risk assessment was studied in the setting of 

glycemic control (i.e., metformin or SU) will need to be balanced by the results of trials with 

new treatments where cardiovascular risk was the primary outcome of study (i.e., SGLT-2 

inhibitors).

Due to its high clinical efficacy and minimal side-effects, including low risk of 

hypoglycemia, metformin remains first-line therapy for T2DM after lifestyle changes 

[146,147]. The placement of metformin at the forefront of the treatment algorithm has been 

historically supported by evidence from the subset of obese patients in the UKPDS that 
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demonstrated reduced cardiovascular risk [147]. However, metformin has never been studied 

in a randomized controlled trial powered to explore potential cardiovascular risk benefit. 

Beyond UKPDS, the cardiovascular benefit of metformin in trials is mixed, but metformin 

was found to have a lower risk of cardiovascular events when directly compared to SU in 

high risk patients with T2DM and established CVD [148].

Add- on therapy to metformin offers many potential choices, but when choosing a favorable 

cardiovascular profile, there is limited head-to-head cardiovascular data. Of the TZD class, 

only pioglitazone is widely available for use, but the cardiovascular risk status of the patient 

should be considered, given the increased risk for edema and/or heart failure despite 

favorable effects on other cardiovascular endpoints. If taking into account pre-clinical data, 

one could consider bypassing certain SU therapy (i.e., glyburide/glibenclamide) and opt for 

gliclazide or glimepiride therapy. On the other hand, when taking into account potential for 

weight gain or hypoglycemia risk, DPP-4 inhibitors may be chosen over SU which may 

outweigh issues like less significant glucose lowering effects and cost. Additionally, using 

limited observational data, DPP-4 inhibitors, as a class, may offer a neutral or improved to 

cardiovascular and mortality risk compared to SU treatment [149–151], although the 

increase in the secondary endpoint of hospitalization for heart failure seen with some DPP-4 

trials should be taken into consideration when selecting treatment for a patient with 

underlying risk. Ultimately, the consideration of DPP-4 inhibitor or SU therapy will be 

better informed by the results of the ongoing CAROLINA trial in which the cardiovascular 

effects of glimepiride versus linagliptin will be reported [109]. GLP-1 receptor agonist 

treatment provides a good option for a weight sparing regimen with good glycemic efficacy 

but comes at the expense of injection therapy. Limited cardiovascular data is available, but 

there is no unfavorable cardiovascular signal to suggest harm (at least with lixisenatide). 

Although not specifically discussed in this manuscript, the ORIGIN study has clearly 

demonstrated that insulin does not increase cardiovascular adverse events in individuals with 

pre-diabetes and T2DM.

Significantly, no studies of anti-diabetes agents prior to empagliflozin [139] have shown as 

robust of a cardiac and overall mortality risk reduction in individuals with high-risk T2DM. 

This class of medications has several benefits, including the non-insulin-mediated 

mechanism of action of glucose lowering, a low risk for hypoglycemia, and the high level of 

tolerance among a wide range of populations (age, ethnicity, mild renal dysfunction). 

SGLT-2 inhibitors complement many other therapies including metformin, SU, DPP-4 

inhibitors and insulin. They may in fact provide better glycemic control and metabolic 

improvements when compared to SU and DPP-4 inhibitors as add-on therapy to metformin 

[152–154].

It is not obvious what mediates the observed cardiovascular risk reduction with 

empagliflozin. The modest blood pressure lowering effect and weight reduction are 

significant, but these changes would take time to impact the atherosclerotic process, and MI 

and stroke outcomes were unaffected. Therefore it is unlikely that reductions in blood 

pressure or weight explain such an early and robust reduction in cardiovascular risk. From 

what is known at this point, renal hemodynamic changes, such as osmotic diuresis (with 

volume depletion and sodium loss), are most likely responsible for the reductions in 
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cardiovascular events and overall mortality. This theory would align with the reduction in 

hospitalizations for heart failure that was observed. As a class, SGLT-2 inhibitors induce 

osmotic diuresis, and therefore, it would be expected that canagliflozin and dapagliflozin 

would also demonstrate reductions in cardiovascular outcomes. However, the results of 

studies with these two medications were more neutral. A small increase in cardiovascular 

events was observed within the first month of the canagliflozin and dapagliflozin trials, but 

this finding is unlikely to be significant. Further comparison of the different SGLT-2 

inhibitors is warranted. The placement of SGLT-2 inhibitors in the treatment algorithm 

provides a new and exciting addition, although interest in prescribing these medications in 

light of the new cardiovascular outcomes data may be counter-balanced by caution towards 

new FDA warnings regarding ketoacidosis and serious urinary tract infections [155]. The 

continued study of this class on cardiovascular effects is highly anticipated.

4.2 Cardiovascular risk assessment trials

Many of the historic clinical trials focused on the specific interventions such as glycemic 

control, BP control, and lipid control. These studies have been valuable in demonstrating the 

benefits of approaching cardiovascular risk reduction in a high risk population via a multi-

factorial approach. However, such trials were not primarily designed to test the 

cardiovascular safety and outcomes of particular anti-diabetes medications. Randomized, 

placebo-controlled clinical trials are the gold-standard for evaluation of cardiovascular risk 

of individual therapies. It is unlikely that older medications, such as metformin or SU will be 

re-studied individually with any rigor, and we continue to rely on historical data to inform 

treatment decisions with these drugs. However, newer classes of medications are now being 

subjected to more methodical scrutiny. This is occurring in response to new FDA 

recommendations for additional cardiovascular safety assessment for therapeutic anti-

hyperglycemic medications emerging onto the market, following findings from analyses of 

rosiglitazone treatment. Many of the new recommendations are tailored to provide more 

comprehensive, longer duration studies in high risk individuals with event specific end-

points. Benefits and drawbacks to the new study designs are outlined in Figure 1.

Enrolling patients with preexisting CVD or risk factors is an important component to new 

study parameters. Previous studies have demonstrated that young individuals with T1DM 

and T2DM with shorter-duration of diabetes and less pre-existing vascular disease appear to 

have a significant benefit from intensive glycemic control. Conversely, intensive glycemic 

control has not been shown to reduce cardiovascular events in patients with longer-duration 

T2DM and with high cardiovascular risk or established CVD. The vascular biology of 

macrovascular disease is complex and multifactorial. Thus intervening to alter one putative 

mechanism such as blood glucose may be ineffective if other risk factors such as 

dyslipidemia, smoking, hypertension and obesity are also present. For example, in 

ACCORD, VADT and BARI2D [7,9,145] weight increased throughout the duration of the 

trials. Controlling for obesity or BMI, independent risk factors for CVD, may have provided 

additional information in these studies. Thus alternative approaches to treatment beyond 

tight glycemic control are required to reduce the progression of CVD in this population. Due 

to multimodal mechanisms of action, some anti-diabetes medications hold potential to 

reduce cardiovascular risk independent of glucose control. By including individuals with 
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advanced age or disease and comorbidities like established renal disease in evaluation of 

therapies, a more comprehensive understanding is obtained. However, this comes at the 

expense of not learning if or how risk is modified in lower-risk individuals excluded from 

these studies.

Study duration is an important factor in capturing changes in cardiovascular outcomes. Early 

study duration spanned 5+ years (ACCORD was ended early at 3.5 years), with the UKPDS 

lasting 9–11.5 years [5,7–9]. Long-term follow-up studies of original participants in studies 

like UKPDS [6] continue to provide meaningful data on outcomes. It is arguable that neutral 

cardiovascular outcomes in ACCORD, ADVANCE, and VADT could be partially 

attributable to study length and that intensified glycemic control could still potentially 

improve cardiovascular risk in studies of longer duration like the UKPDS. New 

recommendations require an even shorter study duration - a minimum of two years – to 

assess cardiovascular safety data. Inclusion of high-risk individuals ensures a greater number 

of outcome events in a shorter period of time, allowing for shorter-duration studies than 

would be required for lower risk individuals. However, aspects of disease control like 

“metabolic memory” may not be apparent without ongoing or follow-up studies long after 

the initial data is collected [156,157]. Additionally, the relatively short duration of the new 

studies prevents observance of cardiovascular effects of long-term treatment and 

cardiovascular outcomes in lower risk patients. Pre-clinical mechanistic data on 

improvements in cardiovascular risk factors such as inflammation and endothelial function 

have not generally translated to improved cardiovascular outcomes in large clinical trials, but 

it is likely that such changes would require much longer than 2 years study duration to 

impact progression of CVD.

Long duration and large population trials provide some specific challenges [158,159]. These 

include recruitment, participant withdrawal, accrual of missing data, expense and local and 

regional challenges of differing therapy guidelines and practices. Fewer end-points (and thus 

potentially fewer recruited patients) are necessary to provide non-inferiority data than to 

demonstrate superiority. However, a non-inferiority study will not detect a difference 

between treatments and thus may be difficult to apply to an individual patient in practice. 

Although cardiovascular death, MI, and stroke are the endpoints selected in many of the 

current and ongoing studies, these endpoints may need to be expanded if there is a high 

patient withdrawal. As endpoints increase, trial duration gets longer and cost increases. This 

may prevent companies from providing additional information beyond pre-specified 

endpoints due to budgetary constraints.

Secondary endpoints could play an important role in understanding macrovascular 

outcomes. For example, the observed excess cardiovascular death in the ACCORD was not 

seen in other trials and multiple potential parameters have been questioned. These include 

the rapid decline in HbA1c with intensive management, the increased frequency of severe 

hypoglycemia in the intensively treated group, and/or the complexities of polypharmacy. For 

example, in ACCORD, mortality was increased in the intensive groups despite an increased 

use of statins (88 % of patients) and aspirin (76% of patients) as compared to ADVANCE 

(46 % of patients on statins and 57 % of patients on aspirin) and ORIGIN (54 % of patients 

on statins) [7,8,144]. Additionally, endpoints such as heart failure admission and acute 
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hypoglycemia remain important to study and evaluate. Multiple studies have demonstrated 

an increased risk for heart failure exacerbation or hospitalization (i.e., treatment with TZDs 

and DPP-4 inhibitors) without fully understanding the mechanisms behind this recurrent 

secondary endpoint. It is unclear whether heart failure is a consequence of the primary 

diabetic state or is a consequence of negative cardiac remodeling that could be agent 

specific. Acute and/or severe hypoglycemia in individuals with T1DM and T2DM has been 

demonstrated to increase proatherogenic, prothrombotic and proinflammatory responses as 

well as increases in endothelial dysfunction [160,161]. There have been small studies and 

case reports suggesting a relationship between acute hypoglycemia and cardiovascular 

events such as angina and electrocardiogram changes [161–163]. Multiple large studies have 

demonstrated a relationship between hypoglycemia and mortality risk [8,9,144]. However, in 

a follow-up of ACCORD, the increased mortality in the intensive group was not able to be 

explained by the difference in symptomatic severe hypoglycemia [164,165]. The 

aforementioned studies included treatments (i.e., insulin and SU) which are more likely to 

have an association with hypoglycemia than newer agents, such as DPP-4 inhibitors, GLP-1 

receptor agonists and SGLT-2 inhibitors. Thus, additional information about the relationship 

of these agents, alone or in combination with other therapies, and cardiovascular risk and 

hypoglycemia is important.

4.3 Conclusion

Intensified glycemic control does not appear to confer cardioprotection for those with 

established or increased risk of CVD, although studies of longer duration may be necessary 

to observe an association between glycemic control and CVD risk, such as occurred in the 

UKPDS extension study. Preliminary findings from mechanistic studies of specific anti-

diabetes agents often show promise for ameliorating CVD risk in such individuals, with 

improvements in cardiovascular risk factors such as inflammation, endothelial function, 

coagulation, and cardiac function. However, the large clinical trials that have explored the 

cardiovascular impact of individual anti-diabetes therapies have generally not shown 

improvements in cardiovascular outcomes in individuals at high risk for cardiovascular 

events. While it is possible that it is simply the case that the current treatments do not 

augment cardiovascular risk, it is also highly possible that the neutral findings thus far are a 

result of limited study duration and non-inferiority design. Empagliflozin data are an 

exception to recent findings, with early, dramatic reductions in cardiovascular outcomes with 

this treatment that are unlikely to be related to glycemic improvements. Findings of the 

recent cardiovascular outcomes studies are restricted to high risk individuals and do not 

provide an understanding of cardiovascular effects of longer-term usage or cardiovascular 

impact in low-risk individuals who may benefit more from the small improvements in 

multiple cardiovascular risk factors observed in small mechanistic studies. The challenges of 

implementing new cardiovascular study guidelines into clinical trials cannot outweigh the 

potential benefits of developing and assessing new therapeutic agents to provide optimal 

diabetes care [166–169].

As we currently have a focus on vascular protection, we cannot abandon adequate glycemic 

control, which serves to prevent microvascular complications and reduce CVD in patients 

with shorter T2DM duration. Previous data has demonstrated that it is optimal to control all 
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risk factors for cardiovascular complications in order to get the most benefit for the patient 

with diabetes. Therapy should be individualized, taking into account age, additional 

cardiovascular risk factors (previous CVD, family history of CVD, hypertension, 

hyperlipidemia, smoking), renal function, and history of previous hypoglycemic events. 

[170–186]

Abbreviations

ACCORD Action to control cardiovascular risk in diabetes study

ACS acute coronary syndrome

ADVANCE Action in diabetes and vascular disease: preterax and 

diamicron modified release controlled evaluation

BARI2D Bypass Angioplasty Revascularization Investigation 2 

Diabetes Trial

CANVAS CANagliflozin cardioVascular Assessment Study

CANVAS-R A Study of the Effects of Canagliflozin (JNJ-28431754) on 

Renal Endpoints in Adult Participants With Type 2 

Diabetes Mellitus

CARMELINA Cardiovascular and Renal Microvascular Outcome Study 

With Linagliptin in Patients With Type 2 Diabetes Mellitus

CAROLINA Cardiovascular Outcome Study of Linagliptin Versus 

Glimepiride in Patients With Type 2 Diabetes

CREDENCE Evaluation of the Effects of Canagliflozin on Renal and 

Cardiovascular Outcomes in Participants With Diabetic 

Nephropathy

CVD cardiovascular disease

DECLARE-TIMI 58 Multicenter Trial to Evaluate the Effect of Dapagliflozin on 

the Incidence of Cardiovascular Events

DIGAMI 2 Diabetes Mellitus, Insulin Glucose Infusion in Acute 

Myocardial Infarction-2

DPP-4 dipeptidyl peptidase-4

ELIXA Evaluation of Cardiovascular Outcomes in Patients With 

Type 2 Diabetes After Acute Coronary Syndrome During 

Treatment With AVE0010 (Lixisenatide)

EMPA-REG OUTCOME BI 10773 (Empagliflozin) Cardiovascular Outcome Event 

Trial in Type 2 Diabetes Mellitus Patients

EXSCEL Exenatide Study of Cardiovascular Event Lowering Trial
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EXAMINE Cardiovascular Outcomes Study of Alogliptin in Patients 

With Type 2 Diabetes and Acute Coronary Syndrome

FDA Food and Drug Administration

GLP-1 glucagon-like polypeptide-1

HbA1c hemoglobin A1c

KATP ATP-sensitive potassium channel

LEADER Liraglutide Effect and Action in Diabetes: Evaluation of 

Cardiovascular Outcome Results - A Long Term 

Evaluation

LVEF left ventricular ejection fraction

MCP-1 monocyte chemotactic protein-1

MI myocardial infarction

ORIGIN basal insulin and cardiovascular and other outcomes in 

dysglycemia

PROACTIVE Prospective pioglitazone clinical trial in macrovascular 

events

RECORD Rosiglitazone Evaluated for Cardiac Outcomes and 

Regulation of Glycaemia in Diabetes

REWIND Researching Cardiovascular Events With a Weekly Incretin 

in Diabetes

SAVOR-TIMI 53 Does Saxagliptin Reduce the Risk of Cardiovascular 

Events When Used Alone or Added to Other Diabetes 

MedicationsSGLT-2: sodium-glucose transporter 2

SU sulfonylurea

SUSTAIN 6 Trial to Evaluate Cardiovascular and Other Long-term 

Outcomes With Semaglutide in Subjects With Type 2 

Diabetes

T1DM type 1 diabetes mellitus

T2DM type 2 diabetes mellitus

TECOS Sitagliptin Cardiovascular Outcomes Study 

(MK-0431-082)

TOSCA. IT Thiazolidinediones Or Sulphonylureas and Cardiovascular 

Accidents. Intervention Trial

TZD thiazolidinedione
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UGDP University Group Diabetes Program

UKPDS United Kingdom Prospective Diabetes Study

VADT Veterans Affairs Diabetes Trial
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Article Highlights

• Cardiovascular risk reduction in individuals with diabetes is complex 

and multi-factorial

• New FDA guidelines require comprehensive cardiovascular evaluation 

for new anti-diabetes medications in high risk populations

• Metformin remains safe in high risk populations.

• DPP-4 inhibitors also appear safe in high risk populations

• Data on GLP-1 receptor agonist and SLGT2 inhibitor therapy is 

ongoing but early data in SLGT2 inhibitors is encouraging.

• Implementation of the FDA CV assessment guidelines is complex and 

may not provide the long-term data to fully answer agent-specific 

cardiovascular risk
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Figure 1. 
Benefits and challenges of large cardiovascular outcomes trials.
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