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Abstract  Diabetes mellitus is one of the known important risk factor for cardiovascular (CV) disease; CV events being the 
most important causes of morbidity and mortality in patients with diabetes. Among multifactorial approach, optimum blood 
sugar control is one of the intervention to prevent CV events. For optimum glycaemic control antidiabetic drugs are usually 
indicated; some having adverse, while others are neutral or with potential beneficial effects on the CV outcome. Therefore, 
careful selection of antidiabetic drugs is important for optimizing diabetic therapy in patient with CV disease. The role of this 
review paper is to explore the cardio-protective effects and CV risks of oral antidiabetic drugs used in patients with diabetes. 
Recently, new oral drugs have become good options in the management of diabetes with CV disease. Among the novel class, 
sodium-glucose cotransporter 2 inhibitors were found to be useful in a patient with chronic heart failure. Empagliflozin and 
canagliflozin was found to reduce the risk of CV mortality, nonfatal myocardial infarction and stroke in patient with diabetes 
and CV disease. Among the older drugs metformin was found to have excellent CV safety profile; CV mortality was lower 
for metformin compared with sulfonylureas. 
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1. Introduction 
Diabetes is an established high risk for the development 

of cardiovascular (CV) events (angina, myocardial 
infarction, hypertension, stroke or death); other risk factors 
include hypertension, dyslipidaemia, obesity, cigarette 
smoking, and sedentary life style. The leading cause of 
death in patients with type 2 diabetes mellitus (T2DM) is 
CV disease [1, 2]. Studies have shown that multifactorial 
interventions including lifestyle changes, weight loss,   
use of antiplatelet agents, control of blood pressure, 
hyperglycaemia, and dyslipidaemia reduce the risk of CV 
disease [2, 3]. In patients with T2DM, optimum blood sugar 
control is one of the most important intervention to reduce 
the risk of CV events. For optimum glycaemic control, most 
of the patient having diabetes will require anti-diabetic 
drugs; the glucose-lowering benefits of oral antidiabetic 
drugs (OAD) have been well established. But all the drugs 
are not absolutely safe in a patient having CV disease; some 
of these drugs have been associated with an increased  
risks of CV events. Therefore, CV outcomes should be 
considered when selecting antidiabetic medications for 
individual  patients  with  diabetes.  Numerous  oral  
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anti-diabetic drugs are now available, their potential CV 
effects, overall benefits and risks for CV disease needs to be 
defined. 

2. Aim 
This review paper focuses on the updates of 

cardio-protective effects and CV risks of OAD used in 
patients with T2DM. Neither the approaches for the 
treatment of other risk factors responsible for CV disease, 
nor the efficacy on glycaemic control of OAD will be 
described in this paper. 

3. Methods 
Related original studies and review articles were explored 

that were published through Jan 2001 to Jan 2018 on the CV 
outcomes of OAD used for the management of T2DM; they 
were identified in google search including PubMed by using 
keywords like CV outcomes, CV risk, CV benefits, Adverse 
CV events, T2DM and Antidiabetic drugs. 

4. Antidiabetic Drugs 
Currently, 12 unique classes of drugs are available for the 

treatment of patients with T2DM in most countries of which 
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9 are oral agents. The glycaemic control in T2DM is 
achieved with some agents that predominantly lower the 
fasting plasma glucose level (metformin, sulfonylureas and 
basal insulins); with others that primarily lower postprandial 
plasma glucose excursions (meglitinides, α-glucosidase 
inhibitors, pramlintide, exenatide and prandial insulins); and 
with still others that do both (thiazolidinediones, dipeptidyl 
peptidase-4 inhibitors, liraglutide and premixed insulins)  
[4]. The glucose-lowering effectiveness of noninsulin 
pharmacological agents is said to be high for metformin, 
sulfonylureas (SUs), thiazolidinediones (TZDs), and 
glucagon like peptide-1 (GLP-1) receptor agonists; and 
generally lower for meglitinides, α-glucosidase inhibitors 
(AGIs), dipeptidyl peptidase-4 (DPP-4) inhibitors, 
colesevelam, and bromocriptin [5]. 

4.1. Metformin 

The only drug of biguanide class available now is 
metformin; it mainly inhibits hepatic gluconeogenesis 
thereby decreasing glucose production; it also increases 
insulin-mediated glucose uptake in peripheral tissues [6]. It 
has neutral effect on weight, minimal risk of hypoglycaemia, 
and favourable safety profile. Gastrointestinal adverse 
events are considerable with metformin. Lactic acidosis is a 
rare but potentially fatal adverse effect that occurs in the 
setting of severe renal insufficiency [7]. Metformin was 
found to have an excellent CV safety profile, even with 
long-term use. A recent systematic review has supported the 
use of metformin as first line antidiabetic drug given its low 
cost, relative safety and beneficial effects on haemoglobin 
A1c, weight and CV mortality in patient with T2DM [8]. 
The review revealed that CV mortality was lower for 
metformin compared with sulfonylureas. Metformin, 
previously contraindicated in heart failure, can now be used 
if the ventricular dysfunction is not severe, if patient's CV 
status is stable, and if renal function is normal [9]. 
Observational studies have demonstrated that metformin 
use in patients with heart failure is associated with a lower 
risk of cardiovascular morbidity and mortality [9]. 
Metformin has also been shown to significantly     
reduce plasma total cholesterol levels; reducing serum 
triglyceride levels and slightly increasing serum 
high-density-lipoprotein (HDL) cholesterol levels [10]. 

4.2. Sulfonylureas 

The SUs exert their hypoglycaemic effects by stimulating 
insulin secretion from the pancreatic beta-cell [11]. They are 
old and widely prescribed OADs. The problems of unwanted 
hypoglycaemia, weight gain, and beta cell failure are now 
limiting the use of SUs after availability of modern drugs 
[12]. First-generation SUs such as tolbutamide and 
chlorpropamide are no longer used due to high incidence of 
adverse reactions [13]. Examples of 2nd generation SUs are 
glibenclamide (in United States known as glyburide), 
glipizide and gliclazide. The adverse side effects are weight 
gain and hypoglycaemia; hypoglycaemia can be prolonged 

and life threatening, and are relatively more frequent in the 
elderly [13]. Glimepiride, a third-generation agent is less 
associated with both weight gain and hypoglycaemia [14]. 
The SUs are contraindicated in moderate to severe liver 
dysfunction due to increased risk of hypoglycaemia and 
should not be used during acute CV events. Glibenclamide 
which has a prolonged duration of action should not be used 
in renal failure [15]. A systematic review of 18 randomized 
trials showed that gliclazide was associated with a lowest 
risk of CV-related mortality compared with glimepiride, 
glipizide and glibenclamide [16]. However, a study on 
patients with prior CV events showed a clear superiority of 
metformin over gliclazide [17]. 

4.3. Meglitinides 

Meglitinides, such as repaglinide or nateglinide, are 
sulfonylurea-like agents that stimulate insulin secretion and 
control postprandial hyperglycaemia [18]. The meglitinides 
have a very short onset of action and a short half-life. 
Meglitinides are associated with less hypoglycaemia and 
weight gain compared with sulfonylureas [19]. There are 
currently no long-term studies of meglitinides to assess 
cardiovascular outcomes or mortality in T2DM. 

4.4. Thiazolidinediones 

TZDs (pioglitazone and rosiglitazone) increase insulin 
sensitivity in the adipose tissue, skeletal muscle, and liver 
and do not cause hypoglycaemia [20]. Risk of 
hypoglycaemia is low; weight gain, fluid retention and 
peripheral oedema are major side effects and these drugs 
should be avoided in a patient with symptomatic heart failure 
and in those with advanced chronic kidney disease [21]. In 
addition, both the drugs have increased risk of fracture 
particularly in women. TZDs use causes redistribution of 
visceral fat to subcutaneous adipose tissue [22]. Pioglitazone 
is associated with improvements in cholesterol profiles 
decreasing triglycerides and increasing HDL cholesterols 
[23]; while rosiglitazone is associated with increase in low 
density lipoprotein (LDL) cholesterol [24]. There is evidence 
that patients with non-alcoholic fatty liver (steatohepatitis) 
may benefit from treatment with pioglitazone [15]. 
Pioglitazone was found to be associated with a possible 
increased risk of bladder cancer and has drawn attention [25]. 
The United States Food and Drug Administration (US FDA) 
recommends that T2DM patients with current bladder cancer 
should not be prescribed pioglitazone, and to use it with 
caution in patients with a past history of bladder cancer. US 
FDA has not concluded that pioglitazone increases the risk 
of bladder cancer; the agency is reviewing its safety concern 
[26]. 

In July 2007 a study published in New England Journal of 
Medicine showed 40% increase risk of CV events and death 
among users of rosiglitazone [27]. In 2008, US FDA issued a 
guidance to pharmaceutical industry on the conduct of 
clinical studies to prove the CV safety of the antidiabetic 
drugs at acceptable levels prior to drug approval [28]. In 
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September 2010, FDA significantly restricts access to 
rosiglitazone in US to patients with T2DM who were not 
effectively treated with other medications [29]. In 2013, the 
FDA has withdrawn their restriction on the basis of the 
results from the RECORD (Rosiglitazone Evaluated for 
Cardiovascular Outcomes and Regulation of Glycaemia in 
Diabetes) clinical trial, which failed to reproduce the results 
from the 2007 meta-analysis and indicated no elevated risk 
of CV events or death in patients being treated with 
rosiglitazone as compared with other antidiabetic drugs [30]. 
Pioglitazone may have beneficial CV effects. Recently a 
large trial was performed to evaluate the effects of 
pioglitazone on CV morbidity and mortality in high-risk 
patients with T2DM; pioglitazone was found to reduce 
all-cause mortality, nonfatal myocardial infarction, and 
stroke [31]. 

4.5. Alpha-Glucosidase Inhibitors 

The AGIs control postprandial hyperglycaemia by 
inhibiting small intestine brush-border alpha-glucosidases, 
thereby slowing degradation of complex carbohydrates into 
glucose as well as reducing the rate of glucose absorption 
[32]. Acarbose, miglitol and voglibose are the drugs in this 
group. The risk of hypoglycaemia is low but these drugs may 
have significant gastrointestinal side effects like cramping 
and flatulence. They have no effect on body weight. A 
randomized comparable study has shown that miglitol 
reduces waist circumference, and in particular visceral fat, in 
patients with metabolic syndrome [33]. There are no 
long-term studies examining the effect of AGIs on CV 
disease or mortality in T2DM and therefore at present these 
are not recommended over the other available agents. 

4.6. Colesevelam 

The bile acid sequestrant colesevelam is used as an 
adjunctive therapy to improve glycaemic control in adults 
with T2DM. It binds to intestinal bile acids/cholesterols, and 
by unknown mechanism it lowers blood glucose in those 
with T2DM. It has minimum effect in reducing blood 
glucose, but it was found to be very effective in lowering 
LDL cholesterol. Colesevelam is a useful adjunctive therapy 
to reduce overall CV risk in patients with T2DM. [34]. One 
study revealed that colesevelam was associated with lower 
risk of major CV events (acute myocardial infarction and 
stroke) among patients with hyperlipidaemia and T2DM 
[35]. 

4.7. Bromocriptin 

The dopamine-2 agonist bromocriptin is available in the 
US as an anti-diabetic agent. It activates brain dopamine D2 
receptors to lower plasma levels of glucose. The findings of a 
large placebo controlled clinical study suggest that in T2DM 
subjects on metformin, bromocriptin therapy may represent 
an effective strategy for reducing CVD risk [36]. 

4.8. Dipeptidyl Peptidase-4 Inhibitors 

DPP-4 inhibitors are novel class oral anti-diabetic drugs 
that reduce metabolism of glucagon-like peptide-1 (GLP-1) 
prolonging its action [37]. GLP-1 is a hormone released by 
the small intestine in response to meals which in turn 
potentiates the release of insulin and reduces the postprandial 
rise in blood glucose. The available DPP-4 inhibitors (also 
known as gliptins) are sitagliptin, vildagliptin, saxagliptin, 
linagliptin and alogliptin. The DPP-4 inhibitors are weight 
neutral antidiabetic agents with a low risk for hypoglycaemia 
[38]. The major side effects of these drugs appeared to be 
gastrointestinal; and there are safety concerns with 
pancreatitis and pancreatic neoplasia [39].  

The DPP4 inhibitors were proven to be neutral with regard 
to CV outcomes [40, 41]. However, concerns on the safety of 
heart failure have been raised with increase in the risk for 
heart failure hospitalization in diabetic patients treated with 
DPP4 inhibitor saxagliptin and alogliptin [40-42]. In 2016, 
the US FDA has added warnings about heart failure risk to 
label antidiabetic drugs, saxagliptin and alogliptin 
particularly with heart disease. [43]. The most recent 
large-scale TECOS (Trial to Evaluate Cardiovascular 
Outcomes after Treatment with Sitagliptin) findings did not 
confirm the findings of increased risk of hospitalization for 
heart failure [44]. Further studies are required to come to a 
conclusion on whether DPP4 inhibitors result in increased 
risk of heart failure. However, TECOS revealed a 
particularly favourable CV profile for sitagliptin; sitagliptin 
appears to be safe in terms of CV events in patient with CV 
risk and may have potential positive effects on the CV 
outcomes. Recently, other CV safety studies with OADs 
including DPP-4 inhibitor have shown only neutrality, not 
superiority, with regard to CV outcome [40, 41, 45, 46]. In 
one recent study involving data analysis from large cohorts 
of patients with diabetes, DPP-4 inhibitors were not 
associated with an increased risk of hospitalization for heart 
failure, as compared with commonly used combinations of 
OADs [47]. 

4.9. Sodium-Glucose Co-Transporter 2 Inhibitors 

The sodium-glucose cotransporter 2 (SGLT2) inhibitors 
are another novel class of antidiabetic drugs that can 
effectively control blood sugar level without producing 
weight gain or hypoglycaemia. The available SGLT2 
inhibitors are canagliflozin, dapagliflozin, empagliflozin and 
ertugliflozin. The SGLT2, expressed in the renal proximal 
tubules, accounts for 98% of the glucose reabsorption 
filtered through the glomeruli [48]. The SGLT2 inhibitors 
selectively inhibit SGLT2, increase urinary excretion of 
glucose in patients with hyperglycaemia and lower plasma 
glucose levels in an insulin-independent manner [49]. They 
produce osmotic diuresis in diabetes with hyperglycaemia 
and are accompanied by modest blood pressure reduction, 
some weight loss and improved glycaemic control [50]. Side 
effects of SGLT2 inhibitors include significant increase of 
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genitalia and urinary tract infection. A small increase in LDL 
cholesterol levels have been observed for this class [51]. A 
modest increase in HDL cholesterol and decrease in 
triglycerides has also been observed [52]. Euglycaemic 
diabetic ketoacidosis (DKA) have been reported in patients 
having diabetes with all SGLT2 inhibitors [53]. These drugs 
should be prescribed carefully in those patients with severe 
beta-cell insufficiency, latent autoimmune diabetes and in 
postsurgical patients [54]. The US FDA issued a warning 
about the risk of euglycaemic DKA occurring in the absence 
of significant hyperglycaemia in patients with diabetes 
treated with SGLT2 inhibitors. The US FDA has also issued 
a warning for canagliflozin related to reduced bone mineral 
density and increased risk of bone fracture [55]. Final results 
from two large recent clinical trials – the CANVAS 
(Canagliflozin Cardiovascular Assessment Study) and 
CANVAS-R (A Study of the Effects of Canagliflozin on 
Renal Endpoints in Adult Participants with Type 2 Diabetes 
Mellitus) – showed that leg and foot amputations occurred 
about twice as often in patients treated with canagliflozin 
compared to patients treated with placebo [56]. Based on 
new data from those two large clinical trials, the US FDA in 
May 2017, concluded that canagliflozin causes an increased 
risk of leg and foot amputations and issued a boxed warning 
to the label of canagliflozin to be added to describe this risk 
[57]. The same risk has not been seen in studies of the other 
SGLT2 inhibitors, empagliflozin and dapagliflozin; thus, US 
FDA has not extended the label warning about amputations 
to these drugs.  

Some SGLT2 inhibitors (canagliflozin and empagliflozin) 
have demonstrated CV benefits in patients with T2DM and 
established CV disease. Recent trials have revealed CV 
benefits of empagliflozin by reducing the risk of CV death, 
non-fatal MI, or non-fatal stroke compared with placebo in 
patients having diabetes and CV disease [58, 59]. Reduction 
of body weight and blood pressure are also involved in 
favourable CV outcomes in a patient with T2DM and CV 
disease [60]. Empagliflozin was found to have an excellent 
long term safety and tolerability profile [61]. Empagliflozin 
was not only proven safe in a population of type 2 diabetic 
patients at high CV risk, but was also shown to reduce CV 
risk. In 2016, Dec 2, the US FDA added a new indication for 
empagliflozin, to reduce the risk of CV death in adults with 
T2DM and CVD [62] based on data from the EMPA-REG 
OUTCOME (Empagliflozin, Cardiovascular Outcomes, and 
Mortality in Type 2 Diabetes) trial [59]. Several large trials 
have also revealed similar CV benefits of canagliflozin 
among participants with and without kidney disease at 
baseline [56, 58]. In T2DM patients with chronic heart 
failure, SGLT2 inhibitor therapy may be considered, because 
part of the SGLT2 inhibitor mechanism includes diuresis, 
which leads to a preload reduction [63]. 

5. Conclusions  
The leading cause of death in patients with T2DM is CV 

disease; optimum glycaemic control is one of the important 
intervention to reduce the risk of CV events in patients with 
diabetes. In addition to diabetes management, the 
interventions to treat other risk factors of CV disease should 
be taken into consideration. The OAD should be chosen with 
care for patients with T2DM at high CV risk, considering 
their glucose-lowering effects as well as overall benefits and 
risks for CV disease. Recent trials indicate that metformin 
has demonstrated excellent CV safety even with long term 
use. Among the sulfonylureas gliclazide has a comparatively 
more favourable CV profile, but not superior to metformin. 
DPP-4 inhibitors have overall neutral CV effect, but 
saxagliptin was seen to be associated with increased risk of 
heart failure. The SGLT2 inhibitors canagliflozin and 
empagliflozin have demonstrated promising CV benefits in 
patients with T2DM and established CV disease. Among the 
TZDs, pioglitazone was seen to be associated with 
improvements in cholesterol profiles decreasing 
triglycerides and increasing HDL cholesterols. The TZDs 
should be avoided in patients with symptomatic heart failure 
and in those with advanced chronic kidney disease. 
Pioglitazone was found to reduce all-cause mortality, 
nonfatal myocardial infarction, and stroke. Clinical trials are 
going on and will provide further evidences about the CV 
risks and benefits of OAD in near future. 
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