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Abstract

Cardiovascular disease is the leading cause of mortality and morbidity among diabetic patients. There by reducing
cardiovascular risk is a major focus of diabetic management. International Diabetes Federation (IDF) in 2014 has
projected that 592 million population will be affected by diabetes by the year 2035 from the present status of 387 million out
of which 90% will have type 2 diabetes. The prevalence of diabetes and cardiovascular disease is growing exponentially.
This rising tide of diabetes around the globe, the double jeopardy of diabetes and cardiovascular disease is infact a
time bomb which may result in an explosion of these cardiovascular complications unless aggressive management
of diabetes is done. While tight glycaemic control decrease the onset of microvascular complications evidence that it
decreases macrovascular complications is limited. Lowering blood glucose levels in patients with diabetes mellitus is
a too simplistic goal. The key component being how to lower blood sugar and how much. Diabetes drugs, even within
the same “class” yield dramatically different cardiovascular outcomes. Infact a number of diabetic drugs may actually
increase the risk of major cardiovascular events posing a challenge for the clinicians to select drugs for patients with
type 2 diabetes mellitus. Thus, the treatment of type 2 diabetes needs to be invidualized and complex in which targeting
cardiovascular risk factor is an important component. After the updated publication by Nissen and Wolski about the
cardiovascular adverse outcomes of rosiglitazone both FDA (Food and Drug Administration) and European medicine
agency (EMA) made it mandatory to have CVOT (Cardiovascular outcome trial) as an integral part of drug approval
process. Therefore, the need of the hour is to evaluate anti diabetic drugs in relation to cardiovascular risk.

This review discusses the available evidence regarding cardiovascular safety of commonly used oral anti-diabetic

medications.
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Introduction

Diabetes increases cardiovascular risk. Compared with subjects
without diabetes people with diabetes have two to three-fold risk of heart
disease [1]. 80% of death are attributable to cardiovascular causes. Infact
diabetes is also considered as a coronary heart disease risk equivalent
as the risk of cardiovascular mortality in type 2 diabetes mellitus is the
same as in patients with previous myocardial infarction [2-5]. There by
reducing cardiovascular risk is a major focus of diabetic management.
International Diabetes Federation (IDF) in 2014 has projected that 592
million population will be affected by diabetes by the year 2035 from the
present status of 387 million out of which 90% will have type 2 diabetes.
The prevalence of diabetes and cardiovascular disease is growing
exponentially. This rising tide of diabetes around the globe, the double
jeopardy of diabetes and cardiovascular disease is infact a time bomb
which may result in an explosion of these cardiovascular complications
unless aggressive management of diabetes is done.

The therapeutic armamentarium to tackle type 2 diabetes is vast. We
have biguanides, sulfonylureas, alpha-glucosidase inhibitors, Meglitinide
analogues thiazolidinediones, dipeptidyl peptidase 4 inhibitors,
glucagon-like peptide 1 analogues, SGLT2 Inhibitors (sodium glucose
co transporter 2) and insulin in our basket for prescription. Till today
our approach towards diabetes management is GLUCOCENTRIC.
Does lowering of HBAlc (Glycosylated Haemoglobin) below a target
of 6.5% to 7% translate in reduction of CVD (Cardiovascular disease)
risk is a big question mark. The impact of conventional versus intensive
glycaemic lowering strategies is still unclear. While tight glycaemic
control decrease the onset of microvascular complications evidence that
it decreases macrovascular complications is limited. Lowering blood
glucose levels in patients with diabetes mellitus is a too simplistic goal.

The key component being how to lower blood sugar and how much.
Diabetes drugs, even within the same “class” yield dramatically different
cardiovascular outcomes. Several studies have suggested that some
antidiabetic drugs increase CV risk, despite being effective at lowering
blood glucose in type 2 diabetes [6-9]. There is a growing awareness
that glycaemic efficacy of anti-diabetic drugs does not necessarily
translate to cardiovascular safety. Over the past few years, there has
been a number of trials evaluating the cardiovascular effects of anti-
diabetic drugs.

Therefore, the need of the hour is to evaluate anti diabetic drugs in
relation to cardiovascular risk. To address this issue there is a change
in FDA guideline 2008 and European Medicine Agency 2012 and it is
mandatory now to have CVOT (cardiovascular outcome trial) as an
integral part of drug approval process.

Methods

Literature search was performed using PubMed and Google
Scholar using the keywords “cardiovascular risk” and “antidiabetic
drugs” Additional references cited in these articles and regulatory
guidelines were also included. We searched the Cochrane databases,
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major published trials, reviewed the existing data on the cardiovascular
safety profiles of currently available oral diabetic drugs, compiled and
presented here.

Discussion

Biguanides

Biguanides were introduced in late 1950s for treatment of type
2 diabetes. Metformin is the principal biguanide drug which is most
commonly prescribed oral glucose-lowering agent worldwide and is
recommended as first-line therapy by the American diabetes association
(ADA), European association for the study of diabetes, and International
Diabetes Federation [10]. Metformin has been used for over 50 years and
it safety profile is well known [11]. The UK prospective diabetes study
(UKPDS) a landmark study demonstrated a non-significant reduction
(p=0.052) in myocardial infarction/sudden death with intensive therapy.
But there was a reduction in diabetes-related death and all-cause
mortality in a sub-study of 342 overweight patients given metformin in
whom there was 32% risk reduction in myocardial infarction/sudden
death, 42% reduction in diabetes related death and 36% reduction in
all-cause mortality rate. One meta-analysis in 2012 suggests that the use
of metformin in younger patients and for longer periods of time may
correlate better with CV event reduction as compared with placebo or
no therapy [12]. In a retrospective observational study involving 5,631
patients with diabetes, the incidence of congestive heart failure (CHF)
was lower over a 4.7-year follow-up period in patients using metformin
compared to patients on sulfonylurea treatment. Metformin treatment
did not increase the risk of developing CHF regardless of dose [13].
Patients with diabetes are more likely to have hypertension and higher
lipid values and are more likely to be overweight than those without
diabetes. Metformin may also have an effect on several CV risk factors,
including lipid profile and blood pressure [14]. This drug has beneficial
effect on lipid metabolism causing a decrease in total cholesterol LDL,
triglycerides, APO B concentrations and by increasing HDL cholesterol
level [15]. Metformin is also associated with weight loss and decrease in
blood pressure. It also protects against vascular disease by virtue of its
capacity to reduce inflammation and protection of endothelium [16].

Sulfonylureas

First generation drugs include acetohexamide, carbutamide,
chlorpropamide,  glycyclamide  (tolhexamide), metahexamide,
tolazamide and tolbutamide. Second generation drugs include
glibenclamide (glyburide), glibornuride, gliclazide, glipizide, gliquidone,
glisoxepide and glyclopyramide and the third-generation drugs which
belongs to this category include glimepiride, although it is sometimes
considered second-generation.

The diabetes mellitus, insulin glucose infusion in acute myocardial
infarction (DIGAMI) study showed improved outcomes in patients
treated with intravenous insulin-glucose infusions at the time of acute
MI and demonstrated that the poorest outcomes were seen in patients
who received sulfonylureas and no insulin-glucose infusions [17]. A
Canadian retrospective population study showed an increase in the
primary outcomes of all-cause mortality and fatal MI in patients treated
with higher doses of first-generation sulfonylureas and glyburide but
not metformin [18]. Sulfonylureas bind to sulfonylurea receptors
(SUR) which are closely linked to ATP dependent K channels. Some
bind to SURI receptors in beta cells of pancreas to exert insulinotropic
effects and some bind to SUR2A/B receptors located in myocardium
and coronary smooth muscles there by preventing development
of protective ischaemic preconditioning [19]. The first-generation
sulfonylureas, including tolbutamide, possess lower pancreatic affinity

and thus are more likely to bind cardiac receptors and interfere with
cardiac ischemic preconditioning [20,21]. The second-generation
sulfonylureas, glimepiride, glyburide available as glibenclamide,
glipizide, and gliclazide have a lower affinity for CV tissue and may have
fewer unfavorable effects, although not all data have been consistent.
Glibenclamide is shown to be harmful to patients with type 2 diabetes
mellitus and CAD, even when combined with metformin, and avoiding
the drug is suggested in such high-risk patients [22]. CV mortality,
nonfatal MI, and risk of mortality are increased in monotherapy with
glimepiride, glibenclamide, gliclazide, and tolbutamide compared with
metformin, suggesting that sulfonylureas may not be the best option
for the initial management of patients with diabetes who are at risk for
CV events [23]. The newer sulfonylurea gliclazide has been suggested
as a better sulfonylurea agent to use for the treatment of type 2 diabetes
mellitus. While previous evidence from the Action in Diabetes and
Vascular Disease: Preterax and Diamicron Modified Release Controlled
Evaluation (ADVANCE) trial reveals that intensive glucose control with
gliclazide has no significant effect on major macrovascular events, more
recent evidence shows gliclazide to be the only sulfonylurea associated with
a lower risk of CV events and mortality-similar to metformin [24-26].

Thiazolidinediones

The thiazolidinediones also known as glitazones, are a class
of medications used in the treatment of diabetes mellitus type 2.
They were introduced in the late 1990s. They contain a functional
group in which thiazolidine serves as a dione. They act by
activating PPARs (peroxisome proliferator-activated receptors), with
greatest specificity for PPARy (PPAR-gamma). Troglitazone was the
1st agent but was withdrawn from market in 1999 for hepatotoxicity.
At the same time Rosiglitazone was approved in 1999 and became one
of the 25 best selling drugs that year. However, in 2007 Nissen and
Wolski published the results of their meta-analysis of the long term
cardiovascular risk of rosiglitazone from 42 randomized clinical trials
[27]. As compared with the control group the odds ratio for myocardial
infarction was 1.43 (95%CI 1.08-1.98; P-0.03) and 1.64(95%CI, 0.89-
2.74; P-0.06) for death from cardiovascular causes with rosiglitazone.
This raised questions regarding overall therapeutic benefit of
rosiglitazone. After the updated publication by Nissen and Wolski
rosiglitazone was withdrawn in 2010 from Europe on recommendation
of EMEA but continued to have restricted availability in US and other
countries. Then came Pioglitazone and was found to be comparatively
cardio protective. But it increases risk of heart failure although there
is no increase in associated mortality [28]. This is believed to be a
class effect of thiazolidinediones and these drugs should be avoided in
patients with congestive heart failure [29]. The prospective pioglitazone
clinical trial in macrovascular events (PROactive) study shown that in
type 2 diabetes mellitus patients at high risk for macrovascular events
pioglitazone significantly reduced secondary end points composed of
death and non-fatal myocardial infarction [30].

Alpha-glucosidase inhibitors

Alpha glucosidase inhibitors are used to establish greater glycaemic
control over hyperglycaemia in type 2 diabetes mellitus , particularly
with regard to postprandial hyperglycaemia. They may be used as
monotherapy in conjunction with an appropriate diabetic diet and
exercise, or they may be used in conjunction with other anti-diabetic
drugs. The alpha glucosidase inhibitors (AGIs) lower blood glucose
through competitive blockade of intestinal alpha glucosidases, which
convert complex carbohydrates into monosaccharides. This results in
a modified intestinal absorption of carbohydrates and consequently
a slower rise in post-prandial blood glucose [31]. Available agents
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Trials EXAMINE SAVOR TIMI TELCOS CARMELINA

No of patients enrolled 5380 16492 14724 8300

Drug used Allogliptin Saxagliptin Sitagliptin Linagliptin
Year of completion 2013 2013 2014 2018

Comparator Placebo Placebo Placebo Placebo

Non-Inferior for primary Non-Inferior neither reduced nor increased the risk . . .
Result composite end points of the primary composite endpoint of CV death, MI, No CVD Risks or heart failure with Ongoing

CVD risk-same as placebo

or ischemic stroke

sitagliptin in high-risk diabetic patients

Table 1: EXAMINE-Examination of cardiovascular outcomes with Alogliptin versus standard of care; SAVOR-Saxagliptin assessment of vascular outcomes recorded in
patients with diabetes mellitus; TECOS-To evaluate cardiovascular outcomes after treatment with sitagliptin; CARMELINA-Cardiovascular and renal microvascular outcome

study with Linagliptin in patients with type 2 diabetes mellitus.

include acarbose, miglitol and voglibose. A Cochrane meta-analysis
reported a 0.8% HbAIlc reduction and no clinically relevant effects
on lipids or body weight when acarbose, the most widely prescribed
AGI, was compared to placebo [32]. In addition, acarbose may also
have beneficial effects on endothelial function by obtunding post-
prandial glucotoxicity [33]. Miglitol has also been shown to reduce
waist circumference, and in particular visceral fat, in patients with
metabolic syndrome [34]. There are no long-term studies examining
the effect of AGIs on cardiovascular disease or mortality in T2DM.
Although not initially powered to draw conclusions on cardiovascular
outcomes, acarbose treatment was also associated with a reduction
in the development of the composite outcome of cardiovascular
events, which includes cardiovascular death, M1, stroke, heart failure,
peripheral vascular disease and revascularization (HR 0.51, 95% CI
0.28-0.95, p=0.03) [35].

Incretin-Based Drugs
Dipeptidyl peptidase-4 inhibitors

DPP-4 inhibitors are a class of oral hypoglycaemics that block DPP-
4. The first agent of the class sitagliptin was approved by the FDA in 2006.
Then came saxagliptin, linagliptin alogliptin. Vildagliptin, teneligliptin
etc. The DPP-4 inhibitors, otherwise known as the gliptins, are generally
considered to have a neutral effect on weight [36]. It has been suggested
that the modulation of endothelial progenitor cells, inflammatory
pathways and ischemic response are the major cardiovascular targets
of gliptins [37]. The Saxagliptin assessment of vascular outcomes
recorded in patients with diabetes mellitus thrombolysis in myocardial
infarction(SAVOR-TIMI) study evaluated 16,492 patients of T2DM
who had a history of or were at risk for cardiovascular events that
received either saxagliptin or placebo which showed no alteration in
ischaemic events but it increased the rate of hospitalization for heart
failure patients [38]. The examination of CV outcomes with allogliptin
versus standard of care(EXAMINE) study, a randomized double- blind
trial with 5380 patients of T2DM who required hospitalization during
the previous 15-90 days due to either acute MI or unstable angina.
Allogliptin did not increase MACE including MI or heart failure
compared to patients receiving placebo [39]. The TELCOS trial also
evaluated the effectiveness of sitagliptin and found that this therapy did
not increase adverse cardiovascular outcomes [40]. The cardiovascular
safety and renal microvascular outcome study (CARMELINA) with
linagliptin in patients with type2 diabetes will last till 2018, will assess
the long-term impact on cardiovascular mortality, morbidity and renal
function with linagliptin [41]. The DPP-4 inhibitors are safe in terms
of hard cardiovascular endpoints, but their effect on the risk of heart
failure remains uncertain. The clinical significance of the finding of
an early increased hospitalization for heart failure with saxagliptin in
the SAVOR study is unclear, although it is unlikely to be a class effect.
The FDA safety review recommends considering discontinuation of

specifically saxagliptin or alogliptin in patients who develops heart
failure [42]. Overall the results of the trials with gliptins are encouraging
(Table 1).

Glucagon-like peptide-1 agonists

Currently available agents include: exenatide, liraglutide,
albiglutide, lixisenatide, and dulaglutide. All are FDA-approved with
the exception of lixisenatide, which is approved in Europe. GLP-1
agonists, when compared to placebo, reduced HbAlc by about 1% and
resulted in 1.5 kg to 2.5 kg weight loss over 30 weeks [43]. In addition,
treatment with GLP-1 agonists have been shown to further favorably
alter the metabolic profile through modest reductions in low-density-
lipoprotein cholesterol, total cholesterol and triglycerides [44], as well
as reductions in systolic blood pressure (weighted mean difference -2.22
mmHg; 95% CI -2.97 to -1.47), although this may be accompanied by
a compensatory increase in heart rate [45]. The cardioprotective effects
of GLP-1 agonists have been well documented in pre-clinical studies. In
the clinical setting, similar positive effects have been observed to various
degrees in pilot studies, and the mechanism was thought to be related
to reduced apoptosis and nuclear oxidative stress and improvement in
myocardial glucose metabolism [46].

The evaluation of lixisenatide in acute coronary syndrome (ELIXA)
trial randomized 6068 patients with T2DM and an acute coronary
event within the last 180 days to receive lixisenatide or placebo on top
of standard of care. After a median follow-up of 25 months, there was
no difference in the primary composite endpoint of cardiovascular
death, non-fatal MI, non-fatal stroke, or hospitalization for unstable
angina between groups (13.4 vs 13.2%, HR 1.02, 95% CI 0.89-1.17,
p=0.81 for superiority, p<0.001 for non-inferiority), and no difference
in heart failure hospitalizations (4.0 vs 4.2%, HR 0.96, 95% CI 0.75-
1.23) [47]. n the Liraglutide effect and action in diabetes: evaluation
of cardiovascular outcome results (LEADER) trial, which randomized
9340 T2DM patients with high cardiovascular risk, liraglutide reduced
the primary composite endpoint of cardiovascular death, non-fatal MI
or non-fatal stroke compared to placebo after a median follow-up of
3.8 years (13 vs 14.9%, HR 0.8, 95% CI 0.78-0.97, p<0.001 for non-
inferiority; p=0.01 for superiority) [48].

Meglitinides

The meglitinides have similar action to sulfonylureas but are
pharmacologically distinct and bind to different receptors on
pancreatic KATP channels. Currently available meglitinides include
repaglinide and nateglinide. There are currently no long-term studies of
meglitinides to assess cardiovascular outcomes or mortality in T2DM,
although the Nateglinide and Valsartan in Impaired Glucose Tolerance
Outcomes Research (NAVIGATOR) study showed no difference
between nateglinide and placebo with respect to the core composite
cardiovascular outcome [49].
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Study Drug Comparator Primary endpoint Results
CANVAS Canagliflozin Placebo Major adverse cardiovascular events, including CV death, non-fatal MI, and non-fatal stroke 2017
CARMELINA Linagliptin Placebo Composite endpoint: Cardlovas‘cullar Qeath, non-fatal myo_cardlal |nfgrct|on, non-fatal stroke 2018
and hospitalization for unstable angina pectoris

EXSCEL Exenatide once weekly Placebo Composite endpoint: Cardiovascular death, non-fatal MI, or non-fatal stroke 2018
REWIND Dulaglutide Placebo Composite endpoint: Cardiovascular death, non-fatal Ml, or non-fatal stroke 2018
DECLARE-TIMI 58 Dapagliflozin Placebo Composite endpoint: CV death, Ml or ischemic stroke 2019
CAROLINA Linagliptin Glimepiride Composite endpoint: CV death, non-fatal MI (excluding silent MI), non-fatal stroke and 2019

hospitalisation for unstable angina

Table 2: Upcoming cardiovascular outcomes trials in type 2 diabetes.

Sodium glucose cotransporter-2 inhibitors

Another new group of drugs the SGLT2 (sodium glucose co
transporter 2) inhibitors hit the market in 2013 onwards. FDA and EDA
have approved three inhibitors, Canagliflozin in 2013, Empagliflozin
2014 and Dapagliflozin in 2014 with several other under late stage
clinical development. Ipragliflozin, tofoglifozin and luseogliflozinhave
been approved in Japan. They act by reducing re-absorption of glucose
in the kidney and increasing urinary glucose excretion there by lowering
plasma glucose levels along with weight loss. It blocks approximately
50 g to 80 g of glucose per day from being reabsorbed. The EMPA-
REG trial using empagliflozin in 592 sites in 42 countries shown that
empagliflozin modulates cardiovascular risk factors. It decreases
blood pressure and arterial stiffness, decreases weight specially the
visceral adiposity. It decreases sympathetic nervous system activity
and oxidative stress. It also decreases albuminuria and uric acid level.
It modifies lipid profile by decreasing LDL and triglycerides along with
increasing HDL level. This class of drugs has a low potential to induce
hypoglycaemia unless used with sulfonylureas or insulin. Empagliflozin
displayed a 38% reduction in cardiovascular death and a 32% reduction
in all-cause mortality. The multicentre trial to evaluate the effect of
dapagliflozin on the incidence of cardiovascular events (DECLARE
TIMI 58) is expected to be finished by 2019, designed to evaluate the
effect of dapagliflozin on the incidence of cardiovascular events [50].
The CANVAS trial is also designed to study the effect of cardiovascular
safety of canagliflozin in patients with type 2 diabetes. This study is
expected to complete data collection by 2017. Recent reports have
suggested that use of SGLT2 inhibitors may increase the risk of diabetic
ketoacidosis [51]. The pathophysiological mechanisms of increased
risk of diabetic ketoacidosis are not well defined till now. So, selection
of patients for this drug should be made carefully. However, the
cardiovascular protection of these drugs may have a huge impact on the
clinical practice guidelines in future and It may be considered as the 1st
line drug in the treatment of type 2 diabetes.

CVOT (Cardiovascular outcome trials)

Although cardiovascular disease is the cause of death in 75%
of diabetics, there exist no well-designed, adequately-powered
comparative effectiveness trials evaluating macrovascular outcomes for
diabetes drugs. The absence of information on macrovascular effects of
diabetes therapies is the unfortunate consequence of current regulatory
policy that emphasizes the importance of glucose lowering, not
health outcomes, as a therapeutic goal. Pre-approval studies focus on
demonstrating maximal glucose lowering effects. Patients are selected
with relatively high HbAlclevels to enhance apparent “efficacy”
Even the pharmaceutical industry came with “bragging” rights- “my
drug lowers blood sugar more than your drug” Patients at high CV
risk are deliberately avoided. Therefore, Clinical outcomes trials are
essential to determine optimal approach to prevent CV morbidity
and mortality. To address this issue there is a change in FDA guideline
2008 and European Medicine Agency 2012 and it is mandatory now to

have CVOT (cardiovascular outcome trial) as an integral part of drug
approval process [52-54]. The upcoming cardiovascular trials in type 2
diabetes mellitus are listed below (Table 2).

Conclusion

As can be seen from the various trials reviewed here, favourable
glycaemic efficacy does not necessarily translate to favourable
cardiovascular outcomes. Cardiovascular safety needs to be prioritized
over glucocentricity. This paradigm shift from glucocentricity to
cardio-protectiveness poses a challenge to the practitioners to balance
between the benefit of glycaemic control and the inherent risk in
glucose lowering medications.

As the diabetic patients are at high risk for cardiovascular morbidity
and mortality the knowledge of cardioprotective effects of diabetic
drugs is important for the clinicians dealing with this condition and
translating it in patient care.

Recommendation

Based on current evidence, metformin should remain the first-
line drug of choice in T2DM, being the most extensively studied and
demonstrating excellent cardiovascular safety even with long term use.
Although evidence for the cardiovascular safety of sulfonylureas are
inconsistent, the first-generation agents are probably associated with
net harm and should be avoided. Newer generation sulfonylureas have
a comparatively better cardiovascular profile, but weight gain remains
a problem. The meglitinides and AGIs lack cardiovascular safety data
in T2DM and should therefore be reserved as second-line agents.
Among the TZDs pioglitazone may have beneficial cardiovascular
effects but contraindicated in heart failure. The incretin-based drugs
have been at the forefront in the era of cardiovascular safety trials
and have been extensively studied. Current evidence suggests that
the gliptins have neutral cardiovascular effect, but may increase risk
of heart failure, particularly saxagliptin. Among the GLP-1 agonists,
liraglutide may have beneficial effects on cardiovascular outcomes,
but this requires further validation. Similarly, the SGLT-2 inhibitors
have shown promising results with empagliflozin and may potentially
confer cardiovascular benefits, although additional data is needed to
substantiate this. Several large ongoing randomized trials whose results
are expected in the coming years. This will definitely guide the clinicians
to optimize the treatment for their diabetic patients.
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