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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—TFindings 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.
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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 Ml, fatal MI, and sudden cardiac death [5]. In a 10-year
post-study follow-up, a significant 15% reduction in risk of Ml (p<0.01) was detected in the
intensive treatment group, despite no difference in HbAlc 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 M1 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 Ml 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 (Karp) 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 Kagp
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 Karp 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 Ml [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 Ml 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, Ml, 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
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associated with reduced C-reactive protein and plasminogen activator inhibitor-1 [74-76].
TZDs also inhibit inducible nitric oxide synthase, interleukin-1p, interleukin-6, and tumor
necrosis factor a [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, M, 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 Ml,
there was a significant reduction in fatal and non-fatal M1 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 M1 and a trend toward an increased risk of cardiovascular death with
rosiglitazone [12]. Another meta-analysis published that year found an increased risk of Ml,
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 Ml 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, Ml,
and stroke. M1 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 Ml, 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-1a, 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, Ml, 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 Ml 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, MlI, 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 CvVD [109]. Two pre-
specified meta-analyses of phase 11 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, Ml, 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, TECQS, 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 a, interleukin-1p, 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 F2a (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 II/1V 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 Ml,
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 F2a 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 11l 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 Ml, 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, Ml, 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 Ml
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 TLDM
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 HbAlc 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 TADM 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]

Action to control cardiovascular risk in diabetes study
acute coronary syndrome

Action in diabetes and vascular disease: preterax and
diamicron modified release controlled evaluation

Bypass Angioplasty Revascularization Investigation 2
Diabetes Trial

CANagliflozin cardioVascular Assessment Study

A Study of the Effects of Canagliflozin (JNJ-28431754) on
Renal Endpoints in Adult Participants With Type 2
Diabetes Mellitus

Cardiovascular and Renal Microvascular Outcome Study
With Linagliptin in Patients With Type 2 Diabetes Mellitus

Cardiovascular Outcome Study of Linagliptin \ersus
Glimepiride in Patients With Type 2 Diabetes

Evaluation of the Effects of Canagliflozin on Renal and
Cardiovascular Outcomes in Participants With Diabetic
Nephropathy

cardiovascular disease

Multicenter Trial to Evaluate the Effect of Dapagliflozin on
the Incidence of Cardiovascular Events

Diabetes Mellitus, Insulin Glucose Infusion in Acute
Myocardial Infarction-2

dipeptidyl peptidase-4

Evaluation of Cardiovascular Outcomes in Patients With
Type 2 Diabetes After Acute Coronary Syndrome During
Treatment With AVE0010 (Lixisenatide)

BI 10773 (Empagliflozin) Cardiovascular Outcome Event
Trial in Type 2 Diabetes Mellitus Patients

Exenatide Study of Cardiovascular Event Lowering Trial
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Cardiovascular Outcomes Study of Alogliptin in Patients
With Type 2 Diabetes and Acute Coronary Syndrome

Food and Drug Administration
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Cardiovascular Outcome Results - A Long Term
Evaluation

left ventricular ejection fraction
monocyte chemotactic protein-1
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Prospective pioglitazone clinical trial in macrovascular
events

Rosiglitazone Evaluated for Cardiac Outcomes and
Regulation of Glycaemia in Diabetes

Researching Cardiovascular Events With a Weekly Incretin
in Diabetes

Does Saxagliptin Reduce the Risk of Cardiovascular
Events When Used Alone or Added to Other Diabetes
MedicationsSGLT-2: sodium-glucose transporter 2

sulfonylurea

Trial to Evaluate Cardiovascular and Other Long-term
Outcomes With Semaglutide in Subjects With Type 2
Diabetes

type 1 diabetes mellitus
type 2 diabetes mellitus

Sitagliptin Cardiovascular Outcomes Study
(MK-0431-082)

Thiazolidinediones Or Sulphonylureas and Cardiovascular
Accidents. Intervention Trial

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.

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



Page 32

Younk et al.

sIeak = IA e

IS 10U :SN ‘13qINU = OU ‘SNSI9A = SA ‘0TY UIqojBoway a1e|As00A|B :0TWVqH ‘PanuURUOdSIP D 8SeasIp JBINISBAOIPIRD (GAD ‘SH|IBW Sa1aqeIp (NQ ‘Xapul ssew Apoq :[Ng

dn-moj|oy} Jeak OT 1V

1
aIed
$3I09}N0 AAD U0 193443 SN ounen o %09 LOFLY'9 9~ L£5TT 9 210z [rp1] NIDI¥O
au1BirelB unnsuy
spaw uoisinold
Ssluane gAD Jofew ur SN -urjnsul pue . .
Lpeap 4O sajel Ul SN spow Buiznisuss %001 9TFLL 0T~ 89€2 £s 6002 [sv1] Az 14va
ulnsu|
paloLIsaIun
4 UonoNpal sl GAD JO 91el aAlTe[al %L Th F ulnsul +
Ajjenow ur SN < auozey|Bisol %0% 0'CF'6 2T~ T6L'T 9'g (5T02) 600C [0t ‘6] LAVA
uonezijeydsoy Jo yyeap ‘suans gAD Ul SN ¥ apuida
1o ujwiopBW
Aleyow ur SN Adelay) paseq — . .
$UI09YNO JJNISEACITB PUB-OIOIL JO 1%60T “(1S-UOU SA (1S %zE 9TFG'L 8~ ovT'TT 0's (¥102) 800z | [8] 3ONWAQY
sainpadoid
e384 ‘4HO ‘AAD) 8sned Aue wouy ypeap Ul | %22 pajoLsalun %GE TT¥E'8 ot ~ 162'0T gedloyeda | (9102) 8002 [2]1 ado00v
Yreap @AD 40 SIUBAS [eJejuou ul SN
/ (Ajuo dnoabans uiwiopsw) yresp Aue ul 1 9%/
/ (Ajuo dnoabgns utwiopswy) [N Ul 1 %EE
(Ajuo dnouBigns utwiogaw) yresp Aue ul 4 %9¢ aIed JO pIepuels wa
(Auo dnoibans uluuionau) I Ul + 966 sn (Ayuo 8530) auou §TFT'L | pesouberp 198' Lot (8002) 6661 | [TT'9's] sad>In
ureap Aue ur 1 o6€T ulwIofswW AIMON) T >
1N UL 1 965T pue ‘ulinsur ‘NS
yreap Aue ur SN
1IN Ul SN
(%) (4A) Wa o (dn-moyjoy
ITVaH uoneanp (A) Apnis —/+)
aullaseq aullaseq dn mojjop uonesljgnd
S1INSay JB|NISBAOIIR|A/IR|NISeAOIpIRD uBWIRal auljeseq 1e AAD uea|y ues|N susied Jo JaquinN uelpaN 10 JeaA leut
's|el sajaqelp abie| Jo Arewwing
T 3lgqel

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

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



Page 33

Younk et al.

ogaoeld ‘[euorreunn|Al ‘paj|oau0d
90.1S [eJejuou o ‘| ‘SA apnnjBewas -0ga2e|d ‘pul|g-a|gnog
[e1esuou ‘Yreap AD 4o ansodwo) :Arewrad syuow /¢ s 9T0Z YoreiN APpjaam aouo ‘paziwopuey ‘wis-buo v 9INIV.LSNS apnn|fewss
aIn|rej Heay 21Uy Joj uoiezijendsoH
‘euBue a|gelsun ‘uolezIIeINISeASY
9)0.1S |ere)-UON ‘[N [eleJUON 8706.TTOLON
‘yreap AD ‘Alljeliow asned-||y ‘ainjrey SIUBAT JB|NISeAOIPIRD
1eay 21uoyd 104 uolyezijeydsoy Jo euibue uo s19843 spnnjbeli
3|geIsuUn ‘UoIeZIIRINISEASS ‘9X0.1S [eYe)-uouU ‘|IN aulwLIg1eQ 0} [eldL Pa||01Iu0d
Jelejuou ‘yreap AD Jo ansodwo) :Arepuodss ogade|d -0ga2e|d ‘pul|g-a|gnog
9015 [eJejuou o ‘| ‘SA apnn|beln| paziwopuey ‘|euoieuIaIu|
|elesuou ‘Yreap AD 4o asodwo) :Arewrid syuow 09 S GTOZ Jaquiads AJrep a3uo ‘aNudd-NININ ‘wis)-HuoT v y3aaval apnnjbesi]
¢S6V6ETOLON ss1eqeld
ain|ie) Weay Ul unaiou] Apjesmn e
10} uonjezife)ndsoH ‘Allferow asned-||y ‘8x04s YN SIUSAT JB[NISBAOIPIRD
[eJeJUON ‘IIN [eTRJUON ‘Yieap AD ‘eulbue Buiyasessay :ss18qelq
a]qelsun 4o} uolezife)ndsoH :A1epuodas oqaoe|d 2 8dAL ynupn siusized ul
043S [eJejuoU 10 ‘|IN ‘SAapnnibeinp  sjusng Jejnasenolpae) Jofely
le1esuou ‘Yreap AD 4o ansodwo) :Arewiad syluow g/ s 6T0Z |Hdy Apjaam 8ouo  uo apnn|be|ng 4o 19843 YL ANIM3Y apnn|being
8€EYYTTOLON
S|8N Salaqelq g adAL
UNAA sjuaiied ut A]Yasp
30UQ aplreusxs yum
JuBWIEal | JaYY SBWoINQ
aJn|1e} Hesy Joy Jenasenoipae) ajenjend
uonezi|endsoH ‘awoipuAs A1euood snae Ioy 0} [eldL [ed1ul]D pajjouod
uonezI|eldsoH ‘8x0.1S [eIeJUON ‘[l [BYeJUON 0Q32e|d ‘paziwopuey
‘yreap AD ‘Alljeliow asned-||y :A1epuodas ogaoe|d V :leuL BuuamoT
90415 [eJejuou Jo ‘| ‘SA 8pleuUsxs JUBAT Ie|NJSeAOIpIeD
[elesuou ‘Yreap AD 4o alsodwo) :Arewrad syjuow 9g 810z |1dy Ap1eam aouo Jo ApniS apieusx3 730SX3 aplreusx3
s1s1u0bYy 101daday T-419
95800£00LON
aIn|re} WeaH ‘salialie priosed Jo ‘Ba) ‘Areuolod UIWIOHBIAL YHAA
UO UONUSAIBIUL [e216INS 10 JBINISBAOPUS pajjonuod Ajsrenbapeu|
‘suoneindwre Jofew ‘@3013s [erejuou (apundawif sjuslled ansqelq
pue [eje} ‘UOIIDJeYUI [eIPJEI0AW [BIRJUOU pUE 10 ‘apize|o1|6 2 9dAL ui eaunjAuoyding
|ele} ‘yreap usppns Jo aysodwo) :Arepuodss ‘apngA|6) ' YA pasedwod
uolezie|nasenss Areuolod pauuejdun 1o seainjAuoy|ns se auozell|bold J0 uonippy
‘90415 [e1RJUOU ‘UOIIRIUI [BIPJRI0AW [BTRJUOU 'sA suozey|Boid  8yj JO SJUSAT JejnaseAolpie)
‘Ajenow asned-|fe jo aysodwo) :Arewiad syuow gy 810z Jaquiadag Ajrep aauo 10 82UBPIdU| UO S198) 3 11'v2SOL auozey|fold

sauoIpauIpI|oZely L

sjulodpu3 pale|al-1enaseAcipae)

uomneang dn-mojjo4

a1eq uons|dwo) payoadxg uonuaAIaU|

Jaynuap|
AoB'sfert [eaiun|d
[BIL [0

wAuoaoy Apms 1Uaby

Author Manuscript

"SUOIIEOIPSLL S819CRIP-1UER YIIM S8LUO0DIN0 Je|NISLAOIPIED JO S[RLi) Paj|041uod paziwopues Butobuo pue psysjdwo)

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

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



Page 34

Younk et al.

Aj[eLow asned-||y ‘UuonezLe|naseAs) A1euolod
10 ‘aln|iey Leay Joy uonezijeydsoy ‘euibue
a|qelsun 1oy uorezifelidsoy ‘axo.s [erejuou ‘||

988.0TTOLON

sajaqe!q ¢ adAL UM
SJualied Ul 80J1S 91Wayds|
10 uonoJeju| [eIpIeI0AIN
‘yreaq Je|nIsenoIpIe) Jo
8ouapIou] ayy uo undijbexes
1010913 8y} aenjens

Jelejuou ‘yreap AD 4o ansodwo) :A1epuodss ogedeld 01 [elL Al 8Seyd pa]josiuo)
90.1S [eleJUOU JO ‘I ‘s undijbexes -00ga2e|d ‘pulg-ajgnoqg
[erejuou ‘yreap AD 40 susodwo) :Arewtid syiuow G €102 AeN Alrep souo  ‘paziwopuey ‘aNUNININ VY €5 INIL-HONVS undi|Bexes
¢€G/68TOLON Xsiy
TenaseA yBIH e snijlsN
sojaqelq ¢ 9dAL yum
swaned ul Ajre@ souQ bw
G ‘undiiBeurt ynm Apms
aWO9INQ JeINISEAOIIIN
»ons Jeusy pue A1ojes
[eJeJUON ‘|IN [eTejUOU ‘Yleap AD :AJepuodss Je|NIsenoIpIeD ‘pajjoJiuod
euibue ajqelsun ogaoe|d -00ade|d ‘pulg-ajgnoq
Jo} uonezifendsoy 1o ‘9x0.s [erejuou ‘|IN 'snundijfeur]  ‘dnolo |ajjesed ‘paziwopuey
lelesuou ‘yreap AD Jo ansodwo) :Arewiad syluow g 810z Asenuer Allep U0 ‘[eucieusBu| JBIUBINININ VNITINEVD undijbeur
¥ZyEYCTOLON
3SIY Jejnasenolpie)d ybiH
18 SN|I3IN Sa1eqeIq g adAL
UMM SHualied ut spuidawi|o
euibue ajqeisun 1oy uonezife)dsoH ‘a)o.s snsiaA undijbeur jo Alayes
[eJeJUON ‘[N [eTejUOU ‘Yleap AD :AJepuodss ogaoeld Je|nasenoIpied ajenjeny
eulbue ajgeisun ‘sA apiidawi|b 0} Apnis puilg sjgnog
Jo} uonezifendsoy 1o ‘8x0.s [erejuou ‘|IN 'snundijfeur]  ‘dnolo |ajjesed ‘paziwopuey
|elesuou ‘Yreap AD 4o ansodwo) :Arewiad syuow z6 810z Jaquisldas Allep 80u0  ‘JeuofieUIBIU| ‘DIIUBINININ VNITOYVD undijbeur
s101qIyu| ¥-dda
uoneziiejnaseAsl 0S¢.¥TTOLON
AJeuoiod 1o ‘ainjie} Leay 1o} uonezijendsoy 3WOIPUAS Aleuolo) amnay
“euibue a|geisun 1o} uolezifendsoy ‘exo.1s U JaYYV Sluslred onsgelq
Jejejuou ‘[Nl [EIRJUOU ‘Ureap AD JO alisodwo) 2 adAL ul apireussIXI
‘ainjrey 1eay Joy uonezijeydsoy Jo ‘euibue YN Juswieas] Bulng
a|qeIsun 1o} uoezifendsoy ‘exouis [eresuou ‘IN S3WO0IINQ JB[NISEAOIPIRD
Jelejuou ‘yreap AD Jo ansodwo) :Arepuodss aenjen 0} Apnis
euibue ajqesun ogaoe|d Jayuaonny ‘dnolb-[afjeted
10} uonezifendsoy Jo ‘8x0.1s [erejuou ‘I "SA 9pIJeUaSIXI| ‘pa]10J3u02-0032€|d ‘pul|q
lelesuou ‘Yreap AD 4o alsodwo) :Arewiad syuow /iy GT10Z Aseniga4 Alrep aouo -a|qnoQ ‘paziwopuey vXI13 aplreuas
9¥¥0Z.TOLON sa1eqeld
2 8dAL yum s1oslans
80435 [eJejuoN ‘IIN ut apin|Gewas Ynm
[eJeJUON ‘yreap asned-||y ‘yutodpus 8)1sodwod SAWO02INQ W)-Buo Jayr0
papuedxa Jo stuauodwod [enplAlpul ‘slulodpus pue JeJNISeAOIpIED 8jen|en]
D papuedxa Jo alisodwo) :A1epuodas 0} [elI] 913U32-1NIN
Jsyynuep|
Aofsjera [eaiun D
syulodpu3 pajejai-aenasenoipded  uoneang dn-mojjo4  8req uonajdwo) padadx3 uonuanIau| /AL [e1DO wAuosoy Apms Juaby

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2017 September 01.

1

Expert Opin Drug Saf. Author manuscript



Page 35

Younk et al.

(saunsea|n

2 9dAL yum spalans
1INpY Ui sjuiodpu3 [eusy uo
uizopl|Beue) J0 sy Y

aWo2INQ J3YIQ SE Paisl|) 8X0.3s [erejuou Jo ‘|| ogaoeld 'sA  Jo ApmiS pajjoJiu0D-0gade|d
[erejuou ‘yresp AD 40 ausodwo) :Arepuodss u1zoj1jGeues ‘|a][eled ‘puljg-sjgnog
auoN :Arewiad syiuow zg s 170g Arenuep Allep 90uo  ‘IBJULdNIA ‘paziwopuey v 4-SVANVYD  uizopljbeue)
6¢9¢€0TOLON
SnI|J8IA se18qeld Z
adAL Y s108lans Jnpy Ut
S3W02INQ JBJNISeAoIpIeD Lo
YSLTEYBC-CNC JO S108))5 sy}
3UON :A1Bpu0JaS ogaoeld 'sA  Jo ApniS paj|0u0D-0gade]d
9%0.1S [elejuOU J0 ‘IIN uizojy1|Geues ‘|a][eled ‘pulig-sjgnog
[erejuou ‘yreap AD J0 ausodwo) :Arewiid syIuow 8 S /T0Z 8unp Allep 90U0  ‘13)UBdNIN|A ‘PAZIWIOpURY W SVANVD  uizopijBeue)
9/9TETTOLON
>S1Y Je[nasenolpse)
pasealou] YUAA
sjualled sni|IBIN sa1eqeIq
Z 3dAL urase) [ensn
03 pasedwo) (Ajre@ aouo
ainjie} Weay Al1esQ palaisiuiwpy Bw
10} uonezijendsoH ‘||A WIS ‘eulbue ajqeisun Ge pue Bw 0T) €220T 19 40
104 UonezifeNdsoy Jo ‘8o.s [erejuou ‘|| Apms Aiages rejnasenoipie)d
|erejuou ‘Yreap AD 40 ausodwo) :A1epuodas ogaoeld 'sA  pullg ajgnoq ‘dnolo |a|jeled
9%0.1S [e1ejuUOU J0 ‘IIN ‘paziwopuey ‘[eUOBUISIU|
[erejuou ‘yreap AD 40 ausodwo) :Arewtid syluow 09 > GTOZ |Udy ‘BNUBONINIAL ‘111 8SeYd V' IINODLNO 9FY-VdINT  wizopyi|Bedws
sloNqiyul ¢-119S
80.89600LON
aWoJpuAs AJeuolio) anoy
pue saleqelq g adAL ynm
s108[gns Ul a1eD Jo plepuels
0} uomppY ul undijory
uonezLeINdSeAs) A1euolod juabin YN Juawieal ] Buimoljo4
10 ‘80118 [eJRJUOU ‘UOIIDIRIUI [eIpIed0AW S3W02INQ JB|NISLAOIPIED
lerejuou ‘Yreap AD 40 ausodwo) :A1epuodas 0gaoeid  a1enjeA3 o} Apnis pajjoauo)
9%0.1S [e1ejuUOU J0 ‘IIN ‘s undrjBbore -0gade|d ‘puljg-sjgnod
[erejuou ‘yreap AD J0 ausodwo) :Arewiid SyIuowW Ty S €10z aung Allep souo  ‘paziwopuey ‘1IUsonInA ININVYX3 undijBory
G0206.00LON
]0U0D J1WBIA|D
ayenbapeu| pue sni|BIN
a.n|1ey Weay annsabuod sa1aqelq g adAL yum
‘A)ieHow asneo-|[e ‘ax041s [ereyuoU Jo ‘[N sjuaned ui undijfens yumm
[erejuou ‘yresp AD 40 ausodwo) :Arepuodss JUBWILaL] I8l SBW02INO
euiBue ajqeisun ogaoeyd Jlejnasenolpie) arenjeny
104 uonezije)dsoy Jo ‘8xons [eyejuou ‘|| ‘s undiBens 0] [el1] [e21UN]D Pa]joiu0)
[erejuou ‘yreap AD J0 ausodwo) :Arewiid syiuow 09 S ST0Z Yole Ajrep aouo 0080®|d ‘paziwopuey v S0D3l undi|bens
Jaynuap|
Aofsferat [eatund
s)ulodpu3 pajejal-Iejnosencipied  uonedng dn-mojjo4  81e uonsjdwo) pardadx3 uonuanIaU| [BIML [eIO wAuoloy Apms uaby

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

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



Page 36

Younk et al.

eulbue ajgeisun
10} uonezifendsoy 1o ‘8x0.1s [eyejuou ‘[N

188986T0LON

aseasiq JejnaseA
pays!|qeIs3 pue sniujjsN
se1aqelq z 9dAL yum
s09lans ut (6227.26v0-4d
/S€88-MIN) U1zojy1|nug
YA Juswieal ] Buimoljo4
SaWI021NQ Je|ndseAolpred

lelejuou ‘yieap AD 4o alsodwo) :A1epuodss oqaoe|d $S3ssy 01 Apnis dnolo
90.1S [e1RJUOU JO ‘N ‘SA uizopibnue  [9|[eded ‘pa]|0Iu0D-008€|d
[erejuou ‘yreap AD 40 ausodwo) Arewiad syuow 9/ s 020z aung Alrep aduo  ‘purjg-a|gnoq ‘paziwopuey B/U u1zo1|bnug
¥€G0ELTOLON sa1eqeld
Z 90AL yupn swusired
U1 8041S 21Wayds| Jo
uonaJeyu| [eIpIeI0AN ‘Uread
Alljeriow asneo-||y ‘ainjrey J1e|NISEAOIPIBD JO 3IUBPIdU]
Jeay Joj uofiezi|e)ndsoH ‘UOKezIIRINISeA) ayy uo Ajreq a2uQ Bw 0T
Aue 1oy uonezijendsoy Jo ‘s1i03dad uizopjibedeq 4o 198443 ay}
euiBue a)qeisun Joj uonezijeydsoy ‘ainjrey aJen[eAd 0} [eli] pa]joJiuo)
Meay Joj uonezije)dsoy ‘aX0.43s d1Way9s| -0qa2e|d ‘pulg-ajgnog
‘IIN “yresp AD Jo ansodwo) :A1epuodas 0gade|d ‘sA ‘paziwopuey ‘181usdnniN
90.1S [e1RJUOU JO ‘N uizoyyi|Bedep \/ SJUBAT Je|NJsenoIpIe)
[erejuou ‘yreap AD 0 ausodwo) :Arewtid syluow z/ s 6T0Z |Mdy Alrep aouo uo 1033 uizoyyt|Bedeq 85 INIL-3¥v103a  uizopyl|fedeq
16/.59020LON
Ajljeuow asned-||v ‘yresp Ayredoiydan onsgeig
AD ‘ain|le} Leay 21uoJyd Joj uonezijedsoy Jo pue s8N Salagelq
eulbue sjqgesun 1o} uoiezije)dsoy ‘9x0.1s [ere} 2 adAL Y s1lgns
-uou ‘uonasey 1e00AL [e1RjUOU ‘Yleap AD Ul SSW09INQ J8|NISEAOIpIeD
Jo aysodwo?) ‘ainjrey Leay 4oy uolezifendsoy pue [euay uo uizoji|feue)d
10 yreap AD Jo ausodwo) :A1epuodas 10 s198443 ayp Jo Apnmis
yreap AD 0gade|d sa 18]UBdNINIA ‘PB]|0JIU0I
10 [euas ‘auluneald Wniss Jo Buljgnop ‘aseasip u1zoyi|Beued  -0gade|d ‘UBALIP-1UBAT ‘pullq
Asuppy abeis-pus Jo snsodwo) :Arewrid syluow 99 s 6T0Z aung Afrep aouo -a|gnoQ ‘paziwopuey JON3IAIYD  uizopjbeue)
¥52.686TOLON
RpUENEDER Tl
J8ynuspl
Aofsjera [eaiun D
syulodpu3 pajejai-aenasenoipded  uoneang dn-mojjo4  8req uonajdwo) padadx3 UORUaAIRU| /AL [e1DO wAuosoy Apms Juaby

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

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



Page 37

Younk et al.

[21]

SS3UMOIY) BIPaW ewinul Jo uoissaifoud ul uononpay
[81°2T] uononpau uana AD Aue pue |N

[8T'2T] NLH ur uononpay

[021] NS 01 patedwod yBram paseadsp sA [eJINaN
[21] sap1iaaA B paseasdaqg
[0T] %6°0—+"0 9TWaH paonpay

pasuryua aq Aew UONIL T-419
J13pJ0g Ysniq [eunsalul ayy
Je sawAzua asepisodan|B-eydfe uqiyu|

SHOLIFIHNI 3SvAISOONT19 VHATV

_”wwﬂ 9]kl 1ieay uo S1Ioa))a [elinaN

[2€T] WQT.L ur ssauyns [erspe paonpay

[set]

sa109ds UaBAX0 aA1IOBaI pUR UOITRWWERIUI PaONPaYy

[evT'zrT'6ET]
yreap pue sjusna AD Ul abueyd ou 1o pasnpay

[¥€T] O-1aH pue O-1a17 paseaiou]
[£1] ssew 1ey pue 1ybram Apoq pasnpay
[€T1] aunssaid poojq paonpay

[veT] %T-G 9TWAH paonpay

ajngn} [ewixoid
|y} uIyum 1195 Ag uondiosqeas
8500N|6 104 PIOYSBILL JAMOT]

SHOLIFIHNI ¢
d431H40dSNVHL-0D 3SOONTO-NNIAO0S

[e8T'28T] 8101 LIRBY pasealou|

[oeT] 8218 10.4R4U1 PBONPEY

[oeT'gzT 92T 52Tl

uonoel) UonIala JejnoLusA Ja| panoidw)
[tzT'0zT] ss|nosjow uoisaype

Je|nIseA pue ‘94D ‘T-13 ‘T-dON ‘aMIN padnpay

[s8T'v8T]

92UBIBHWNIID ISTEM pue JyBiam Apoq paanpay
[e81°28T] 2unssaud poojq peonpay

[t81] spidi] ul syuswanoidwi|

[08T'6.T] %S T-GL" 9TWAH paonpay

¥-dda Aq uonepesbap dnewAzua
Buipione ajiym ‘101dagal T-419
10 wsiuoBe o160joseweyd aonpu|

S1SINO9V 4014303
T-3dlLd3d IAMIT-NODVYINTO

_”m.ﬁ._”lw._u._m_ ainjlej Leay pasealdul JO aduspIng
[661 s1190 Jonuabioud fejayiopua paseaioul
[66] T-dOW pasesissq

[20T] ureap 10 s1usA® AD JO Sl pasesidul ON

[821'227'02T] spidy
pue 1ybiam Apog ‘ainssaid poojq uo s108ya [elinaN

[0£T] %T-5 9TWgH paonpay

T-d19 pue 4|9 Jo uoiepeibap
Juanald 0} sWAzUs -ddd o019

SHOLIGIHNI ¥-3SvdlLld3d TAdILd3dId

[18‘08] a4njrey Lreay pasealou|

[62‘8/] eWapa pasealou|

[22

~p2] ANL ‘9-T1 ‘JT-T1 ‘T-1vd ‘dyD Ul suononpay
[68‘88‘2T] auozen|Bisos yum [N ul aseasdu]

[08] suozen|Goid

yum jutodpua AD a1ebiaibibe Jo uononpay

[9/] D-1QH paseasour Apybis/jennau

pue sap121aA|6111 paseasoul — suozen|Bisoy
[9/10-1aH

pasealoul pue sapliadA|b1i) pasealdap — auozelljbold
[921 2-1@7 ur aseanu)

[921] ainssaid poojq ui suonanpas WbIIS

[S2T'%2T] %Y T-T" 9TWaH peanpey

ewiwed J10)dadal
pateAnoe Jojeayljold-awosixolad purg

S3INOIAANIAITOZVIHL

[e6] ainjrey Leay o st paonpay

[9'€9'09] uoneys

paleIpaw-moly Jo Juswanoidwi Jo abueyd oN
[8s-g&] d1-711 8-

‘9-T71 ‘sa19ads UabAX0 aAIl9Ral UO S108Y)9 |eIdljaudg

[99] spidi)
pue ‘ainssaid poojq ‘ybram Apog uo s1988 |eJINSN

T X8]dwod ureys-Alojelidsal
[elipuoyooliw jo uoniqgiyul

[02'27'TT] Jutodpua AD syeBaifibe ul uononpey [99] %z—T 9TvaH peonpay 03 A1epu02ss MdINY 81enoy S3aINvNOlg
[z5-05] Jonqyur sorennoe
usboujwseld ‘94D ‘9-71 U0 19848 [e1olyausg S|auUBYD d 1M deIpsed
[05] ssauxa1y} e1paw ewiUI PrIoJed Jo uoissalbay [02T] uB1am uo 198ys [esINaN sA onealoued 1oy ANAO8I8s Bullayig
[ov'6€9z] Butuonipuodaid [£27] spidi) uo 1085 JueILIUGIS ON S[aUUBYY d 1V
21WBAYISI Pajun|g uo eyep Hunoijuod [02T] %S T-T 9TVaH paonpay 0] pue 101dadaJ ealnjAuoyns pulg S3AINILITO3AN
[2e—¥€] ony10ads Juabe
sieadde Jeyy Buluonipuod-aid o1wayasi pajun|g [z21] yb1am Apoq ui asealoul ybIIS
[2¢] uninsur snsian [N Jaye XS1 AD pasealoul oN [z21] ainssaid poojq ui asealoul ybIIS
[8] siuana Jejnasenoioew pasnpay [121] 7@ “1QH paonpal 01 [esnaN S|auueyd d1vM
[]swiodpus | syebeifbe ul uononpsy [02T] %G T-T 9TVaH paonpay X901q pue 103)de0al eaInjAuoyIns puig SY3YNTANOSINS
S103443 4V INVYOSVAOIdYVYO S103443 D1T109VLIN/TVIINITO NOILOV 40 WSINVHO3IN SSV10 ©NdAd

Author Manuscript

*sBnIP s819gRIP-NUE JO $109)J8 JBINISBACIPIED POOISISpUN A[IUBLIND pue ‘s108)J8 [22IUI]D ‘UONDE JO WSIUBYIBIA

€31avl

Author Manuscript

Author Manuscript

Author Manuscript

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



Page 38

Younk et al.

[027] rennau yBrap

[2] sjans] ap11adA|BLI pasesiou|
[¥z] 2-1a@71 ur uonanpay

[0£7] %S0 9TWVqH ut uononpay

uonaIIas
2UOWLIOY U1aJaul JO uoleswbny
s101dadal X JaAI| pue si01dadal

X PIOUaSIey U} U0 S198143 BIA paonpal
uonanpoud asoan|b snousbopug
palepion|a AjJes|d 10N

SINVYLS3INO3S Alov 311d

[e2'z2] swiodpus Jejnasenoipled
Arewnd ur uononpai ‘Adelayy 1ounipe sy

[021] ybram u1 asealoul |jews

[7z] sves peay

pue ainssaid poojq ‘sap1iadA|BLil Ul 8sealdap 1S8poN
[021] %50 9TVqH paonpay

89URJ9]0} 8509Nn|H an0idwi

Y)IM 8]€1S SAIISUSS UIINSUl aJow

e 0} Bulpea] uonoe auiwedop palsly
wiypAys

uelpeaI1d d1weleylodAy sy Buls)y

1SINOOV ININVLOd

[Tz-6T] s1odpew
2110qwoJylo.d pue uoieWWRIUI UO S} PaXxIIAl

S103443 JVINVISVAOIdIVYO

S103443 D1MTO0gGVLIN/TVIINITO

NOILOV 40 WSINVHO3IN

SSV10 9Nydd

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

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



Page 39

Younk et al.

eulbue
3]qeISun Joj uonezijendsoy pue ‘93oJls ‘[N ‘Uresp AD
[eT] (PT°T-65°0 10 %G6) 28°0 *¥H euibue uizoy|Gedeq
[evT](22T-89°0 10 %G6) T6'0 “dH | 81qeIsun Joy uonezijendsoy pue ‘84ohs ‘1IN ‘yresp AD uizopl|feued
[6€T1(66'0~12"0 1D %S6) 98°0 ¥H 34018 ‘I ‘UYreap AD uizoyiBedws | SYOLIGIHNI Z-d431LHOdSNVHLOD ISOINTD-INNIAOS
euibue
[e€T] (21T 01680 1D %S6) 20'T *¥H a|qessun Joy uoljezifendsoy ‘330.s ‘[N ‘Uresp AD apieussIXI S1SINO9DV 3AlLd3d INIT-NODOVINTD
euibue
[c11] (60°T 03 88°0 1D %56) 86°0 *¥H a|qessun oy uoljezifendsoy ‘a30.s ‘[N ‘Uresp AD undifens
[20T] (9T'T 1D %S6 42ddn) 96°0 :4H 3041s ‘[N ‘Uresp AD undijoly
[50T] (2T°T-68°0 1D %G6) 00'T :vH 340418 “IIA ‘yreap AD undi|bexes SHYOLIFGIHNI #-3SVAlLd3d TAdILd3dIA
[26] (211820 10 %S6) $6'0 ¥H 30NS ‘[N ‘yresp AD auozey|Bisoy
[08] (86'0~22°0 1D %S6) ¥8'0 :¥H 30418 ‘|IN ‘Anjeniow asneo-||y auozen|foid SANOIAANIAITOZVIHL
[TT] (280-€5°0 1D %G6) 89°0 ¥y 1iodpus payefai-saleqelp Auy ulwLopIB N S3aiNvNolg
[8] (90°T-¥8°0 10 %S6) ¥6°0 :vH ao4is ‘IN ‘Uresp AD
[s] (66'0-62°0 10 %S6) 88°0 -¥d 1utodpua payejal-saleqelp Auy | apizejol epiwedoidiolyd/epundAlD SY34NTANOSINS
MSId 3IN0D1NO a31vnIvAa oNda SSVY12 9nyda
"JusLIIeaI] SB19CRIP-1IUE YIM SIUBAS JB|NISBAOIPIRD JO MSIY
¥ 319VvL

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

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



	Abstract
	1. Introduction
	2. Cardiovascular Effects of Anti-Diabetes Medications by Drug Class
	2.1 Sulfonylureas and Meglitinides
	2.2 Biguanides: Metformin
	2.3 Thiazolidinediones
	2.4 Dipeptidyl Peptidase-4 Inhibitors
	2.5 GLP-1 Receptor Agonists
	2.6 Sodium-Glucose Co-Transporter-2 Inhibitors

	3. Summary
	4. Expert Opinion
	4.1 Cardiovascular risk of individual classes of anti-hyperglycemic agents
	4.2 Cardiovascular risk assessment trials
	4.3 Conclusion

	References
	Figure 1
	Table 1
	Table 2
	TABLE 3
	TABLE 4

