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Abstract Over the past several years, there have been a
significant number of new agents developed for the treatment
of type 2 diabetes. Our goal in this article is to review the
cardiovascular effects (risks and benefits) of these oral and
non-insulin injectable agents. We review six major categories
of diabetic therapies: biguanides, sulfonylureas, alpha-
glucosidase inhibitors, thiazolidinediones, GLP-1 agonists,
and DPP-IV inhibitors. In order to achieve a personalized
regimen that aims for optimal outcomes, we must take into
consideration each drug’s side effects, patients’ cardiovascular
risk factors, and their individual health profile.
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Introduction

Diabetes affects 25.8 million people in the United States
(8.3 % of the US population) and is currently the 7th leading
cause of death. The major cause of death in these patients
(>65 %) is due to cardiovascular disease and the total
diabetes cost in the US is estimated to be approximately

$174 billion/year [1]. Given the significant morbidity and
mortality of diabetes and its related complications, it is clear
to see why proper treatment of this disease is so crucial.
Over the past few years, there have been a significant
number of new agents developed for the treatment of type
2 diabetes. Our goal in this paper is to review the cardio-
vascular effects (risks and benefits) of these oral and non-
insulin injectable agents.

Although our goal for diabetic patients seems to be focused
on getting A1c and glucose values at target, the ultimate
objective should be to reduce mortality and risk of micro
and macro-vascular complications [2]. As evidence-based
medicine teaches us, we should not simply look at laboratory
values as our endpoints, but rather consider outcomes such as
cardiovascular events and all-cause mortality. Recent clinical
trials have dramatically changed the way we treat diabetes by
revealing that aggressively reducing A1c below the recom-
mended range (<7%) does not necessarily have any beneficial
impact on cardiovascular benefits, and that very tight control
may actually increase mortality [3, 4]. Since the answer to
reducing cardiovascular disease in diabetic patients may not
merely lie in strict glucose control, we reviewed other charac-
teristics of anti-diabetic agents that may help patients’ cardio-
vascular profiles independent of glucose control.

Biguanides

The most studied and widely used of the biguanide class is
metformin. It has several unique properties that make it
efficacious both as monotherapy and in combination with
other diabetes treatments. The major effects of metformin
include reduction of gluconeogenesis, increase in insulin
sensitivity, and modulation of endothelial dysfunction. Met-
formin decreases insulin resistance by increasing insulin-
mediated glucose uptake in skeletal muscle and adipocytes.
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The underlying mechanism by which metformin exerts
many of its effects is through activation of AMP kinase, which
inhibits degradation of AMP, increasing the ratio of AMP to
ATP. This inhibits mitochondrial respiration in hepatocytes,
thereby reducing gluconeogenesis and excess plasma glu-
cose. At the level of the endothelium, this increase in AMP
also activates endothelial nitric oxide synthase (eNOS),
which increases nitric oxide and endothelial vasodilation.
Activation of AMP by metformin has been shown to pre-
vent myocardial reperfusion injury, limit infarct size, reduce
collagen expression, prevent cardiac fibrosis, and preserve
myocardial viability through inhibition of apoptosis, thereby
preventing cardiac remodeling and heart failure. In fact,
studies in rat models show administration of metformin
immediately before reperfusion of coronary vessels can
reduce infarct size by up to 50 %, an effect called metabolic
pre-conditioning. Metformin also directly activates the Akt
pathway and the adenosine receptor independent of AMP
kinase. In vitro studies of human cells have shown metfor-
min decreases growth of smooth muscle cells and fibro-
blasts, decreases proliferation of hypoxic endothelial cells,
and decreases synthesis of CAD-associated PAI-1 [5•].

Metformin improves several cardiovascular risk factors. It
stimulates oxidation of free fatty acids, which decreases plas-
ma free fatty acids, decreases total cholesterol up to 17 %,
decreases triglycerides up to 25-40 %, decreases LDL up to 9-
24 %, and increases HDL by 15-20 %, often independent of
improvement in glycemic control [6]. Although data are
somewhat inconsistent, metformin has generally been shown
to improve blood pressure, particularly diastolic. Metformin
prevents weight gain in combination with sulfonylureas and
insulin, and may cause modest weight loss (1-3 kg) in obese
patients. The mechanism is unclear, but may in part be due to
malabsorption, increased utilization of carbohydrates, or ad-
verse gastrointestinal effects [5•].

The landmark study of the cardiovascular benefits of met-
formin was the UKPDS (n0753), a prospective, randomized
multicenter trial. Type 2 diabetes patients were assigned to
conventional lifestyle modification or intensive treatment with
metformin, sulfonylureas or insulin. At 10 year follow up,
there was a 36 % risk reduction in all-cause mortality in the
metformin vs. conventional group. There was also a 39 % risk
reduction in myocardial infarction and 30 % risk reduction in
composite macrovascular outcomes (MI, sudden death, angi-
na, stroke, peripheral artery disease) with metformin, but this
difference was not statistically different than the other inten-
sive treatment group. Similar results were seen in a random-
ized controlled trial (n0390) of diabetic patients already on
insulin, with a 39% risk reduction in macrovascular endpoints
with metformin vs. placebo, (NNT016) [7]. A meta-analysis
of 40 randomized controlled trials also showed a 26% relative
risk reduction in cardiovascular mortality with metformin
versus any other oral diabetic medication or placebo [8••].

In patients with diabetes and preexisting cardiovascular
disease, there is lower mortality with metformin vs. sulfo-
nylureas [5•]. In a large retrospective study of all adult
Danish residents on metformin vs. sulfonylurea monother-
apy (n0107,806), metformin was associated with 19-40 %
lower risk of all-cause and cardiovascular mortality in
those without previous MI, and in those with previous
MI (n09607), there was 30-53 % lower risk of mortality
with metformin vs. sulfonylureas [9].

There is growing evidence that metformin is particular-
ly beneficial in heart failure. However metformin is often
withheld in heart failure due to concern for lactic acidosis,
although increased risk in this population has not been
proven. In the Reduction of Atherothrombosis for Contin-
ued Health (REACH) registry (n019,691), patients with
diabetes and history of atherothrombosis had a 34 %
lower risk of all-cause mortality, including among sub-
groups with congestive heart failure, age >65 years, and
CrCl 35–60 ml/min [10]. In a retrospective cohort study
of diabetic patients on oral monotherapy (n05631), patients
on metformin had a 24 % lower risk of developing heart
failure than with sulfonylureas. The risk was also higher with
high vs. low dose sulfonylureas [11]. A meta-analysis of oral
agents vs. insulin in diabetics with heart failure showed met-
formin was the only medication that was associated with
lower rates of hospitalization. Metformin was also correlated
to lower all-cause mortality compared to other oral agents and
insulin [12].

One of the major goals of diabetes treatment is to prevent
macrovascular complications. Current guidelines from the
American Diabetes Association recommend metformin as a
first-line agent for the treatment of type 2 diabetes. Although
there is strong evidence that metformin provides cardiovas-
cular protection, there have been few prospective random-
ized trials of metformin since the UKPDS. The molecular
mechanisms by which metformin exerts cardiovascular pro-
tection are currently under investigation.

Sulfonylureas

The sulfonylureas are insulin secretogogues that have been
used for diabetes since the 1960s. The safety profile of older
generation agents (tolbutamide, chlorpropamide) had been
questioned after the University Group Diabetes Program
(UGDP) trial found increased cardiovascular deaths associ-
ated with tolbutamide, although this result might have been
confounded by differences in baseline characteristics. The
newer generation sulfonylureas (glipizide, glyburide, glime-
peride, gliclazide, meglintides) are the subject of continuing
research, especially with regard to cardiovascular outcomes.
For example, in a retrospective matched case control study
(n076 vs. 152 controls), patients who developed coronary
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artery disease were more than two times more likely to be on
sulfonylureas (2.4× with glibenclamide, 2× with glipizide,
2.9× with either) than controls [13].

Sulfonylureas inhibit ATP-sensitive potassium channels
in beta cells, which leads to depolarization, opening of
Ca-gated channels, and Ca-dependent release of insulin by
exocytosis. These ATP-sensitive potassium channels are
also present in cardiac myocytes. Normally, intracellular
ATP keeps these channels closed. In the presence of
chronic ischemia, anaerobic metabolites increase the resis-
tance of these channels to ATP, a mechanism that is
cardioprotective called pre-conditioning. However, in the
presence of sulfonylureas this pre-conditioning adaptation
is blunted, which is thought to be why patients on sulfo-
nylureas are prone to more arrhythmias and larger infarct
size with myocardial ischemia.

Tolbutamide, chlorpropamide, gliclazide, and glipizide are
the so-called pancreatic-specific sulfonylureas, whereas gli-
benclamide and glimeperide are tissue non-specific [14]. There
is conflicting data on whether these differences have meaning-
ful cardiovascular consequences. In a retrospective analysis,
diabetic patients (n03331) on pancreatic-specific sulfonylur-
eas had no difference in mortality compared to those on non-
specific sulfonylureas [15]. Comparing glipizide, glimeperide,
and glyburide, there was no significant difference in mortality
in a retrospective analysis (n011,141), although there was a
trend to mortality benefit with glimepiride [16]. In a retro-
spective analysis, mortality among patients (n03477) hospi-
talized for congestive heart failure was not different between
sulfonylureas: glimperide, glipizide, glyburide, glicazide, or
tolbutamide [17]. There are conflicting data on the relative
cardiovascular effects of meglintides (nateglinide, repagli-
nide) vs. sulfonylureas.

On the other hand, glibenclamide may be more harmful
in chronic ischemia than other sulfonylureas. In a random-
ized controlled trial, glibenclamide impaired ischemic pre-
conditioning and increased cardiac pain compared to place-
bo [18]. This was also confirmed in a randomized controlled
trial (n045) of patients with stable coronary artery disease,
showing glibenclamide impaired cardiac pre-conditioning
more than glimeperide and placebo [19]. In-hospital mortal-
ity of patients admitted for myocardial infarction (n01310)
has also been shown to be greater with glibenclamide vs.
gliclazide or glimepiride [20].

Another major morbidity tied to sulfonylureas is hypo-
glycemia. There is concern that recurrent hypoglycemia can
increase risk of cardiovascular events. In the landmark
UKPDS trial (n0753) of obese diabetic patients, glibencla-
mide was associated with a 2.5 % risk of major hypoglyce-
mic event vs. 0.7 % in the conventional (diet-controlled)
group [21]. A meta-analysis of 21 studies found glyburide
was associated with a 53 % higher risk of hypoglycemia
than all other secretagogues, and an 83 % increased risk of

hypoglycemia compared to other sulfonylureas, although
there was no difference in cardiovascular outcomes [22].

There does seem to be an increased risk of mortality and
cardiovascular disease with sulfonylureas compared to met-
formin. A retrospective analysis of patients (n023,915)
starting monotherapy with metformin vs. sulfonylureas
found a 59-68 % increased risk of mortality with sulfony-
lureas. Among patients with pre-existing coronary artery
disease, glyburide had a 38 % and glipizide a 41 % in-
creased risk of mortality [23•]. Several other retrospective
studies of sulfonylureas have shown similar results that are
dose-dependent. Another retrospective analysis of patients
(n05730) on monotherapy found a 43 % increased all-cause
mortality and 70 % increased cardiovascular mortality with
sulfonylureas vs. metformin. Patients on metformin/sulfo-
nylurea combination therapy have been shown to have even
higher mortality, although results from other studies of
combination therapy are mixed [24].

Careful consideration should be given to patients with
high risk or existing cardiovascular disease being prescribed
sulfonylureas. Sulfonylureas are often initiated to avoid the
inconvenience of injectable insulin. However like insulin,
they pose the risk of hypoglycemia. They may also para-
doxically increase adverse cardiovascular outcomes through
inhibition of cardiac pre-conditioning, even though their
ultimate purpose is to reduce risk of macrovascular and
microvascular complications of hyperglycemia. Further pro-
spective trials need to be done with careful adjustment for
baseline characteristics to elucidate whether the long-term
benefits of sulfonylurea treatment outweigh the risks.

Thiazolidinediones

Another major class of oral agents used for the treatment of
diabetes includes thiazolidinediones (TZDs), which are per-
oxisome proliferator-activated receptor gamma (PPAR-r)
agonists. These agents lower glucose predominantly by
increasing insulin sensitivity in peripheral tissues [25] and
may slow the progression of beta cell failure [26]. They are
known to lower A1c by approximately 0.5-1.4 % [27]. The
three drugs in this category that have been introduced in the
United States are troglitazone, rosiglitazone, and pioglita-
zone. Of these three, troglitazone was removed from the
market in 2000 due to hepatoxicity, and rosiglitazone and
pioglitazone both have black box warnings due to being
linked with congestive heart failure. Because of recent
studies, there has been a great deal of skepticism in using
TZDs mostly due to concern of congestive heart failure
and increased risk of myocardial infarction with rosiglita-
zone and now a concern of bladder cancer with pioglita-
zone. Surprisingly, according to the AHA/ADA consensus
statement on TZD use, the beneficial effects of TZDs on
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cardiovascular risk factors actually make them attractive
agents for type 2 diabetics who are at high risk for
cardiovascular disease [28].

TZDs are unique in that they decrease insulin resistance
at the level of the peripheral tissue, which is important,
because in epidemiologic studies, insulin resistance has
been associated with hypertension [29]. Thus, it may be
inferred that TZDs should have a positive effect in lowering
blood pressure. In a meta-analysis of 37 trials conducted by
Qayyum and Adomaityte, it was found that when compared
with baseline, TZDs lowered SBP by 4.70 mmHg and DBP
by 3.78 mmHg; and when compared to controls, TZDs
lowered SBP by 3.47 mmHg and DBP by 1.84 mmHg
[30]. The exact mechanism of why this occurs is not known,
and it is unclear how clinically significant this decrease is.

In regards to effects on lipid profile, rosiglitazone has
been shown to reduce triglyceride levels by 39 % in one
study [31], however increased by 15 % in another study
comparing rosiglitazone with pioglitazone [32]. Pioglita-
zone decreased triglycerides by 15 % in that study [32].
Both pioglitazone and rosiglitazone have been shown to
increase HDL level by approximately 8-15 %, with piogli-
tazone having better effects [32]. They both increase LDL
level as well by approximately 16-23 % with pioglitazone
causing less of an increase; however the nature of the LDL
particles changes from small to the large, less atherogenic
forms [32]. These alterations in the lipid profile become
significant since a large number of our diabetic population
also has co-existing hyperlipidemia. TZDs have been shown
to reduce levels of inflammatory markers such as tumor
necrosis factor-alpha and resistin, and increase levels of
adiponectin, all of which beneficially affect the cardiovas-
cular profile as well [33].

Given the concern of TZDs causing an increase in edema
and CHF, it is important to take a look at the incidence of
these side effects. Based on the consensus statement from
the American Heart Association and American Diabetes
Association, it is noted that when used as monotherapy,
the incidence of edema with TZDs ranges from 3-5 % and
is greater when used with sulfonylureas (7.5 % vs. 2.1 % on
SU alone). There is also a significant increase in edema
when using TZDs in addition to insulin (13-16 % vs. 4-
7 % in those taking insulin alone). The incidence of CHF is
actually much lower than expected. It was found to be <1 %
for rosiglitazone monotherapy and 2-3 % when used with
insulin vs. 1.1 % for pioglitazone monotherapy and combi-
nation with insulin [28]. While not an insignificant increase
in edema and heart failure, it is important to note that we
should not completely avoid using TZDs altogether based
on these concerns alone.

While it is interesting to see the individual effects of
TZDs on cardiovascular markers, the most important deter-
minant of whether drugs have beneficial long term effects is

to look at endpoints such as cardiovascular events and
mortality. In the PROACTIVE trial, which included 5238
patients with type 2 DM and known cardiovascular disease
randomized to placebo vs. pioglitazone, the primary out-
come was composite of CVD events. While the primary
outcome was only insignificantly reduced with the pioglita-
zone group, the secondary outcome (all cause mortality,
non-fatal MI, and stroke) was significantly reduced by
16 % in the pioglitazone group [34]. Another major ran-
domized control trial, the PERISCOPE trial, found that
pioglitazone significantly lowered the rate of coronary ath-
erosclerosis progression (as measured by intravascular ul-
trasound) when compared to glimepiride [35].

Rosiglitazone, unfortunately, has not had the same posi-
tive findings. In a meta-analysis of 42 trials, it was discov-
ered that rosiglitazone was actually associated with a
statistically significant increase in risk of MI and borderline
significant increase in cardiovascular mortality, with odds
ratios of 1.43 and 1.62, respectively [36]. When deciding to
choose a TZD for diabetes therapy, rosiglitazone and pio-
glitazone may not have a class effect in terms of risk/benefit
profile and the treatment plan should be carefully individu-
alized for each patient.

Currently, pioglitazone is the only FDA approved TZD
routinely available for prescription in the US. Given the
risks associated with rosiglitazone, it can only be prescribed
if both the prescribing physician and patient taking the
medication are enrolled in the Avandia-Rosiglitazone Med-
icines Access Program [37]. Pioglitazone has significant
therapeutic effects in reducing insulin resistance, although
there should be caution when using this drug, it might be
beneficial for a selective group of patients. Further research
will be helpful in carefully determining the significance of
the long-term benefits and risks profile.

Alpha-Glucosidase Inhibitors

Postprandial hyperglycemia is a known predictor of cardio-
vascular disease risk. The alpha glucosidase inhibitors (acar-
bose, voglibose, miglitol) are a class of oral diabetes drugs
that target postprandial hyperglycemia. Their primary mech-
anism of action is competitive inhibition of alpha glucosi-
dase in the proximal small bowel, which delays digestion
and absorption of complex carbohydrates and blunts post-
prandial hyperglycemia. Although they are not usually
first-line treatment in the US, in some countries alpha
glucosidase inhibitors (AGI) are the most widely prescribed
oral antiglycemic agents [38•]. Acarbose, the most
studied of the class, effects a modest A1c reduction of
0.8 % [39].

AGI offer several potential advantages over other classes of
diabetes drugs. Acarbose and voglibose are not systemically
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absorbed but rather partially metabolized by gut bacteria,
while miglitol is absorbed and cleared renally. Therefore these
drugs have virtually no drug-drug interactions and can be used
safely with all other antiglycemic agents, including insulin, for
a synergistic effect. Unlike sulfonylureas, AGI do not directly
affect insulin secretion, hence they do not cause hypoglyce-
mia, which may be an independent risk factor for cardiovas-
cular mortality. Acarbose has been shown in several trials to
cause more weight loss than placebo, sulfonylureas, and
DPP4 inhibitors, both as monotherapy and in combination
with metformin and sulfonylureas [40•]. Additionally, adap-
tation to delayed carbohydrate absorption by AGI may en-
hance endogenous GLP-1 secretion by stimulating L-cells in
the lower small intestine [38•].

One of the major factors limiting the widespread use and
study of AGI in the US is tolerance of the adverse effects.
Flatulence, abdominal discomfort, and diarrhea are common
with AGI, owing to their alteration of carbohydrate metab-
olism. These gastrointestinal effects generally attenuate with
gradual titration of dosing. Interestingly, the flatulence
caused by AGI may actually be a unique mechanism of
cardiovascular protection. Administration of AGI causes
gut bacteria to produce excess H2 by digestion of unab-
sorbed carbohydrates. Suzuki and Kajiyama have shown
that this excess H2, through its reductive properties, reverses
oxidative stress and atherogenesis, and that this effect is
sustained between meals. H2 production by oral acarbose
seems to be superior to oral administration of H2-dissolved
water [41, 42].

The largest trial of AGI to date was the landmark 2002
Study to Prevent Non-insulin Dependent Diabetes Mellitus
(STOP-NIDDM) involving acarbose. This multicenter,
double-blind, randomized controlled trial (n01429) of
patients with impaired glucose tolerance showed a 36 %
relative risk reduction (RRR) of developing diabetes with
treatment [43]. An analysis of secondary outcomes showed
a 34 % RRR (5.3 % ARR) of hypertension. It also showed
an impressive 49 % RRR (2.5 % ARR) of cardiovascular
events with acarbose, including myocardial infarction, new
angina, revascularization, cardiovascular death, congestive
heart failure, cerebrovascular events, and peripheral vascu-
lar disease [44]. A subgroup analysis of the STOP-NIDDM
(n0132) showed that with acarbose vs. placebo there was a
50 % reduction per year of progression of intima media
thickness, a strong predictor of coronary artery disease and
stroke [45]. Similarly, a meta-analysis of seven trials of
acarbose vs. placebo (MeRIA) pooling 2190 patients, more
than half of which had pre-existing cardiovascular disease,
showed a 35 % RRR of CV events, 64 % risk reduction of
MI, and significant decrease in blood pressure with treat-
ment [46]. Another double-blind randomized controlled trial
(n044) showed a significant decrease in systolic and dia-
stolic blood pressure with acarbose. This effect was shown

to be significantly higher than that achieved with sulfony-
lureas, namely glibenclamide [47]. These effects cannot be
solely attributed to improved overall glycemic control, as
the CAPRI study showed that postprandial glucose peak is
correlated to carotid intima media thickness out of propor-
tion to the A1c [48].

One explanation for the unique benefits of AGI is their
role in inflammation. Studies using continuous glucose
monitors have shown that postprandial glucose, particular-
ly peak glucose, is correlated with markers of oxidative
stress [38]. In fact, in vitro studies of human endothelial
cells have shown that fluctuations in glucose levels, rather
than sustained hyperglycemia, are correlated with the most
oxidative damage and endothelial dysfunction [49]. Treatment
with acarbose or voglibose has been shown to reduce many
inflammatory markers, including NfKB, intercellular adhe-
sion molecule 1, fibrinogen, D-dimer, prothrombin, and
CRP [50, 51]. Miglitol has been shown to increase adi-
ponectin, an anti-inflammatory molecule, and reduce uri-
nary albumin excretion rates significantly more than
meglintide, a sulfonylurea [52]. In addition, AGI improve
lipid profiles, which are closely linked to risk of atherogenesis.
Acarbose can decrease postprandial and fasting triglycerides
by 15 % [50].

Alpha-glucosidase inhibitors are safe anti-glycemic agents
that can work synergistically with other classes to reduce
postprandial hyperglycemia. Despite the relatively modest
reduction in A1c with AGI, there is evidence of their
protective cardiovascular effects that may be attributed to
production of H2, reduction of inflammatory and increase
of anti-inflammatory markers, reduction of blood pressure,
and reduction of atherogenic lipids. Still, these data come
from studies with low total cardiovascular event rates. The
Acarbose Cardiovascular Evaluation (ACE), an ongoing
trial of 7500 high risk patients in China with recent
myocardial infarction may further elucidate whether acar-
bose vs. placebo can significantly prevent cardiovascular
events [38•].

Incretin Based Therapies

One of the newer classes of diabetes medications includes
the incretin based therapies, of which there are two subca-
tegories: DPP-IV inhibitors and GLP-1 agonists. Glucagon
like peptide-1 (GLP-1) is secreted by intestinal cells and is
rapidly inactivated by dipeptidyl peptidase IV (DPP IV) in
the human body [53]. Normally the physiological half-life
of GLP-1 is only 1–2 minutes due to rapid degradation by
DPP-IV, but with the administration of the DPP-IV inhib-
itors, the action of this peptide hormone can be prolonged. It
is well documented that the GLP-1 response is impaired in
patients with longstanding type 2 DM, which is why this
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class of medications address a specific functional defect in
type 2 DM [54].

GLP-1 Agonists

Exenatide (twice daily), exenatide extended-release (once
weekly) and liraglutide (once daily) are the three injectable
GLP-1 agonists that are most widely available in the US.
The effects of these agents are multi-factorial. GLP-1 stim-
ulates insulin secretion, but only in a glucose-dependent
fashion. GLP-1 also inhibits glucagon secretion, slows gas-
tric emptying, and reduces appetite [55]. GLP-1 agonists are
injectable and usually tend to be more effective than DPP-
IV inhibitors since they provide pharmacological levels of
exogenous GLP-1 compared to supraphysiologic levels of
endogenous active GLP-1 seen with DPP-IV inhibitors [54].
GLP-1 agonists reduce A1c by approximately 1-2 % [56].

Looking strictly at the cardiovascular effects of these
agents, there seems to be an association with improved
cardiovascular profiles, independent of glucose control. It
is difficult to ascertain whether these results are due to
weight loss or simply effects of the therapy through a
different mechanism. The DPP-IV inhibitors are mostly
weight neutral, in contrast to GLP-1 agonists, which usually
promote weight loss. This is a favorable characteristic of this
class since usually oral hypoglycemic agents and insulin
tend to result in weight gain [57••]. According to a retrospec-
tive review of over 44,000 patients treated with exenatide,
sitagliptin, or insulin, it was found that exenatide-treated
patients lost a mean +/− SD of 3 +/− 7.33 kg, sitagliptin-
treated patients lost 1.1 +/− 5.39 kg, and insulin-treated
patients gained 0.6 +/− 9.49 kg [58].

It is also well noted that incretin based therapies provide
improvements in lipid profile and reduction in blood pres-
sure. In one study of 217 patients who used exenatide for at
least three years, there was an average decrease of triglycer-
ides of 12 %, total cholesterol by 5 %, LDL by 6 %, and
increase in HDL by 24 % [59]. In regards to blood pressure,
the GLP-1 agonists seem to have a very minor effect in
lowering systolic blood pressure: 2–4 mmHg with exenatide
and 2–3 mmHg with liraglutide [60•].

One of the cardiovascular benefits that the incretin based
therapies may provide is improvement of endothelial func-
tion, which in turn may help reduce atherosclerosis. Diabetic
patients are thought to have increased cardiovascular disease
in part due to endothelial dysfunction. Adipose tissue is
known to release cytokines such as TNF-alpha, leptin, and
plasminogen activator inhibitor 1 (PAI-1), which all contrib-
ute to this process [61]. It has been shown that treatment
with GLP-1 agonists can reduce levels of PAI-1 and TNF-
alpha, which might help prevent vascular endothelial dys-
function seen in diabetic patients [62].

In a retrospective analysis of over 400,000 patients trea-
ted with exenatide versus other therapies, it was found that
patients treated with exenatide were less likely to have a
cardiovascular disease event compared to the patients trea-
ted with other agents (hazard ratio 0.81) and lower rates of
CVD related hospitalization (HR 0.88) [63].

GLP-1 agonists are one of the newest classes of med-
ications available for the treatment of diabetes. They are
an interesting class of anti-diabetes medication because, in
addition to the beneficial effects on glucose control, the
patients have shown moderate reduction in body weight.
The most common side effects are gastrointestinal, dizzi-
ness, and hypoglycemia. Nausea is not infrequent, but
usually mild; the more severe side effects are some risks
of pancreatitis and renal failure. We will likely learn more
about the long-term safety profile of these drugs in the
near future.

DPP IV Inhibitors

The DDP IV inhibitors available in the US include sitaglip-
tin, saxagliptin, and linagliptin. DPP-IV inhibitors are ad-
ministered orally and increase GLP-1 levels in the body by
about two-fold. These agents reduce A1c by approximately
0.5-1 % [56]. As mentioned above, DPP-IV inhibitors are
mostly weight neutral, however in the retrospective study
comparing exenatide, sitagliptin, and insulin, sitagliptin was
associated some degree of weight loss, however not as
significant as exenatide [58]. The blood pressure and lipid
profile benefits mentioned above for GLP-1 agonists apply
to the DPP-IV inhibitors as well; these seem to be class
effects of the incretin based therapies.

Given all the above findings, the question arises whether
all these improvements in cardiovascular profile actually
have benefits on mortality and actual cardiovascular events.
In a randomized control trial of 4607 patients, Frederich et
al. compared saxagliptin vs. others (placebo, metformin, or
glyburide). CV events were experienced by 1.1 % in sax-
agliptin vs. 1.8 % in others, CV death occurred in 0.2 % in
saxagliptin group vs. 0.8 % in others, and all-cause mortality
occurred in 0.3 % in saxagliptin vs. 1.0 % in others [64].
Another trial that is currently underway is the trial evaluat-
ing cardiovascular outcomes with sitagliptin (TECOS),
which is a multinational randomized double-blind placebo-
controlled trial which will incorporate over 14,000 patients
with diabetes and documented cardiovascular disease. Pri-
mary endpoint in this trial will be first occurrence of car-
diovascular outcome. This trial should provide valuable
outcome data in regards to one of the first used DPP-IV
inhibitors in the US [65].

The long-term benefits and risks have not yet been
established in DPP-IV inhibitors, and these drugs are not
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recommended to be used as first line agent. Overall DPP-IV
inhibitors have a modest anti-glycemic effect; however, can be
beneficial in patients who need additional agents to reach
target A1c. This class of drug is usually well tolerated with
modest risk of side effects, including slightly increased risk of
upper respiratory tract and urinary tract infections. Like GLP-
1 agonists, cases of pancreatitis have been reported. The
cardiovascular benefits of DPP-IV inhibitors have been shown
in the laboratory and in initial human studies; more definitive
trials that are currently underway should help clarify these
findings.

Conclusions

When choosing a therapeutic regimen for diabetic patients,
it is important to evaluate patients’ clinical profiles and
cardiovascular risk factors. Metformin is recommended as
a first line agent for type 2 DM, and second line therapy can
be either combination therapy with additional oral medica-
tions or combining metformin with insulin. It is also impor-
tant to keep in mind that diabetes cannot be well-controlled
without lifestyle modifications, including proper diet and
exercise. Diabetes is a chronic disease that requires a
multi-disciplinary approach to optimize blood glucose,
blood pressure, and lipid control. In order to achieve a
personalized regimen that aims for optimal outcomes, we
must take into consideration each drug’s side effects,
patients’ cardiovascular risk factors, and their individual
health profile.
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