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Abstract 

Glucose lowering drugs have been available for 
clinical use for over the past 60 years or so with the last 

2 decades seeing a significant number of new agents 

being developed making treatment increasingly complex 

and also somewhat  controversial.  This stems from the 
fact that while it is now known that patients with 

diabetes have an increased risk for cardiovascular 

disease and mortality there are mounting concerns with 
regards to the cardiovascular effects of certain 

antihyperglycemic agents leading to uncertainties when 

it comes to drug prescription.  This has left many 
clinicians perplexed with respect to optimal strategies 

for management for management of such patients 

leading to many regulatory bodies to issue 

recommendations for antihyperglycimic therapy in 
adults with type 2 diabetes. These all uniformly advocate 

an individualised approach, keeping in mind each 

patients’ unique health profile (such as age and weight) 
and their cardiovascular risk factors vis-a-vie the 

specific attributes, side effects and adverse effects of 

each antihyperglycemic agent.   This article will focus 
on the ten major categories of diabetic therapies looking 

specifically at their mode of action, safety profile as well 

as key trial data and where possible the long-term 

outcome studies for each class. 
 

Keywords 

Type 2 diabetes, Antihyperglycemic agents, 
Cardiovascular risk, hypoglycemia 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 

Introduction 

The last few decades have seen a considerable 
increase in the therapeutic armamentarium for the 

management of patients with type 2 diabetes (T2 DM). 

As the incidence and prevalence of diabetes continues to 

increase worldwide so has been the struggle to find the 
ideal antihyperglycemic agent which is cost-effective at 

achieving and maintaining near-normal blood glucose 

levels, but also has a favourable safety profile, has good 
tolerability with limited side effects and possibly also 

exerting positive effects on surrogate markers of 

cardiovascular risk.1-3 This stems from the fact that 
patients with T2 DM have an increased risk of 

cardiovascular morbidity and mortality and while data 

from recent key trials have shown that tight glycaemic 

control results in sustained reductions on microvascular 
event rates (including nephropathy, neuropathy and 

retinopathy), strict and aggressive blood glucose control 

does not necessarily exert beneficial effects on 
macrovascular events and may actually increase 

mortality.2-9 Thus, keeping in mind that the ultimate aim 

for diabetic patients would be to reduce this excess 
cardiovascular risk one should look at other 

characteristics of anithyperglycemic agents independent 

of glycemic control which may influence cardiovascular 

outcomes in such patients.2  In fact over the past few 
years, many questions have arisen regarding the 

cardiovascular safety or otherwise of drugs used to treat 

diabetes. This occurred following the results of a highly 
publicized meta-analysis in 2007 concerning the 

thiazolidinedione rosiglitazone.  Here the authors 

demonstrated a significant increase in risk of myocardial 

infarction (odds ratio 1.43) and death from 
cardiovascular (CV) causes (odds ratio 1.46) with 

rosiglitazone use fuelling a lot of controversial issues 

with respect to prescribing this drug as well as 
stimulating the debate on whether diabetes drugs should 

have long-term trials showing cardiovascular safety 10-

11).  This eventually led the U.S. Food and Drug 
Administration (FDA) to issue a ‘boxed warning in the 

drug's labelling about potential increased risk for heart 

attacks’.  Furthermore in 2008 it also issued new 

recommendations with respect to evaluation of 
cardiovascular risk in the premarketing and 

postmarketing assessment of novel antidiabetic therapy 

defined as the upper bound of the 95% Confidence 
Interval for major adverse cardiovascular events 
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(MACE) of < 1.3 leading to profound changes to the 

way new antidiabetic drugs are developed.6,12-15  Keeping 

all this in mind, this article will focus on the ten major 

classes of drugs used to treat T2DM focussing on their 
mode of action, their safety profile as well as key trial 

data and where possible the long-term outcome studies 

for each class. 

 

Sulphonylureas 

Sulphonylureas (SU) have been in use for the past 

50 odd years making them the oldest class of oral 
antihyperglycemic agents.  They are the major insulin 

secretagogues and their mode of action is well 

understood.  These exert their effect by binding to the 
adenosine triphosphate (ATP)-sensitive potassium 

channels situated on the Beta (β)-cells inhibiting 

potassium efflux leading to subsequent depolarization of 
the β-cell, which ultimately results in insulin secretion.16-

19 Interestingly these ion channels are also present in 

cardiac myocytes and have been implicated for the 

adverse effects of SU on the heart.2  There are a number 
of agents available in this class with the major difference 

between them being in their side-effect profile and their 

duration of action. SU reduce HbA1c by around -0.9 to -
2.5% and have thus been advocated for use as 

monotherapy and first line agents in non-obese 

individuals or in combination with other 

antihyperglycemic drugs.1,16-18  The well-known side-
effects of these drugs include the risk of hypoglycaemia 

and weight gain. Much of our knowledge on SU comes 

from the United Kingdom Prospective Diabetes Study 
(UKPDS). This landmark multicentre study which was 

carried out over 20 years between 1997 and 1999 in the 

UK randomised more than 4000 newly diagnosed type 2 
diabetic patients to either intensive treatment with 

insulin or SU (with a small subset of overweight patients 

being given metformin instead) or to conventional 

therapy consisting of dietary and lifestyle modification. 
Patients randomised to intensive treatment with 

SU/insulin showed a lower risk of microvascular 

complications (25%) then conventional therapy as well 
as a non-significant (16%) reduced risk of myocardial 

infarction (p=0.052), however, this was at the expense of 

significantly greater weight gain which however was 
less than in those treated with insulin. Hypoglycaemic 

episodes were more frequent in the intensively treated 

group however patients assigned to SU treatment 

exhibited lower rates of both minor and major 
hypoglycaemia when compared to those on insulin 

therapy.18-22 On the other hand, the specific effects of SU 

therapy on CV outcomes is still conflicting. Previous 
studies (including the University Group Diabetes 

Program [UGDP] which used the older generation SU 

tolbutamide) have implied that SU treatment may be 

associated with adverse CV effects.23  Conversely  in the 
UKPDS, this suggestion was not reproducible as none of 

the SU used showed an increased rate of adverse CV 

outcomes.22, 24 Furthermore, in the 10-year post trial 

follow-up of the UKPDS, the sulphonylurea-insulin 

group continued to have significant risk reductions for 
any diabetes-related end point, microvascular disease, 

all-cause mortality as well as significantly reduced risk 

for myocardial infarction despite convergence in glucose 
control between the different treatment arms after one 

year.21, 22  This implies a legacy-effect and that early 

aggressive glycaemic control led to sustained benefits 

after 10 years of follow-up with respect to microvascular 
disease with the added benefit of reduced macrovascular 

events which were not seen during the interventional 

phase of the trial.19,21-22,24 Recently  meta-analysis 
looking at cohort and case-control studies showed that 

SU monotherapy or in combination treatment was 

associated with higher all-cause and cardiovascular 
mortality risks when compared to patients receiving non-

SU treatment.    The authors explain that the potential 

causes for this could be due to four specific effects of 

SU therapy namely hypoglycaemia, weight gain, 
increased proinsulin release and activation of SU 

receptors on myocardial muscle cells. However they 

caution that these results should be interpreted carefully 
not only because data from randomised controlled trials 

was missing but also because the data had high treatment 

group heterogeneity.25 Interestingly these findings were 

also echoed in another meta-analysis by an Italian group 
of authors published in the same year.26 Another 

important issue that emerges from the UKPDS is the 

effect of SU on β-cell function. The widely held view 
that SU are associated with loss of β-cell function is not 

reproducible in this study as it was found that the 

percentage mean β-cell function decreased in all groups 
irrespective of the treatment modality used19 Thus while 

treatment with SU has been established over the last 5 

decades or so, they should be used judiciously within a 

multi-factorial risk reduction strategy and treatment 
tailored according to the patients characteristics (such as 

age and weight), presence of co-morbidities and other 

risk factors 25.  
 

Biguanides 
The widely available drug in this class is metformin  

and its use has been around for the past five decades or 

so,  thus establishing itself as a safe and cost-effective 

glucose lowering agent such that most guidelines now 

uniformly advocate its use as a first line agent in the 
management of overweight or obese type 2 diabetics1 ).  

Metformin has been classified as an insulin sensitizer 

but its mode of action has only recently been 
understood.  This involves activation of an adenosine 

monophosphate (AMP)- kinase enzyme which plays an 

important part in carbohydrate and lipid metabolism as 

well as inhibition of mitochondrial respiration leading to 
inhibition of hepatic glucose production, increased 
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glucose uptake in contracting muscle, increased fatty-

acid oxidation, decreased lipolyisis and enhanced insulin 

sensitivity without the undesirable side effects of weight 

gain or hypoglycaemia.17, 1, 27-29 Metformin, when used as 
monotherapy has been associated with a reduction in 

glycated haemoglobin (HbA1c) of between -1.1% to -

3% 18(). Two important clinical trials using metformin 
are the Diabetes Prevention Program (DPP) and the 

UKPDS.  In the DPP, metformin showed a 31% 

reduction in diabetes incidence over approximately 3 

years and this effect was sustained in the ten-year follow 
up of the DPP suggesting that metformin is a good long-

term strategy for diabetes prevention.27,29-30 In the 

UKPDS trial, patients randomised to treatment with 
metformin achieved similar FPG and HbA1c levels to 

those randomised to treatment with insulin or 

sulfonylurea however with the added benefit of no 
weight gain and reduced risk of hypoglycaemia31 ). With 

respect to complications, in the UKPDS metformin was 

associated with a 32% lower risk of developing any 

diabetes related end-point, a 36% lower risk of all-cause 
mortality, a 42% risk reduction for diabetes-related 

death and 39% lower risk of myocardial infarction then 

in the conventionally treated group.27-31 Moreover, these 
results were sustained in the 10 year follow-up study 

albeit differences in glycemic control were blunted after 

the first year of follow-u 21, 28 This study thus implies 

that metformin has numerous advantages notably 
amelioration of macrovascular risk that make it the ideal 

first choice treatment in obese diabetics 27,30 ). 

Metformin has also been associated with a reduced 
incidence of the metabolic syndrome (by 17% when 

compared with placebo) in the DPP.29 Moreover several 

meta-analysis have also shown that metformin exerts 
favourable effects on surrogate markers of CV risk with 

reduction in fasting and postprandial plasma 

triglycerides, low density lipoprotein (LDL)-cholesterol, 

and free fatty acids.18, 28 Another important landmark of 
metformin is its effects on heart failure. It has been 

shown that metformin monotherapy is associated with 

reduced mortality rates as well as lower hospitalization 
rates in subjects with heart failure when compared with 

other anti diabetic drugs.28, 32 Another important feature 

of metformin is its role in fertility in women with 
Polycystic Ovary Syndrome (PCOS) with recent studies 

showing that therapy with metformin significantly 

improves pregnancy rates as well as live-birth rates.28 

Metformin has also been associated with anti-neoplastic 
properties due to its action on AMPK which leads to 

inhibition of the mammalian Target Of Rapamycin 

(mTOR) causing inhibition of the cell cycle.28 
Metformin’s anti-neoplastic effects range from solid to 

haematological malignancy, however further research is 

required in this field.  The main documented side effects 

of metformin include gastrointestinal adverse effects, 
notably bloating, diarrhoea, flatulence, and abdominal 

cramps.1,27-28 These are usually off-set by introducing 

metformin at a low dose and increasing it gradually over 

a few days to weeks. The risk of lactic acidosis is 

actually very rare with studies showing that this event 
may occur in situations associated with a tendency for 

hypoxia or acidosis – such as sepsis or acute heart 

failure.27,29 Metformin has also been associated with 
vitamin B deficiency, however, this too is a rare event 

but should be sought in patients with macrocytic 

anaemia, peripheral neuropathy or cognitive 

impairment.27,29 With respect to long-term outcome 
studies on metformin, the UKPDS trial and its 10-year 

follow up show convincing evidence that metformin is 

as good as sulfonylureas or insulin on glycemic control 
and it was the only drug to show a reduction in 

myocardial infarction rates which persisted in the 10-

year post trial follow-up. Meta-analyses have shown that 
the benefits of metformin on cardiovascular risk were 

observed in those trials compared with placebo or no 

therapy (CI 0.64-0.98, p=0.031) but disappeared when 

compared to active comparator trials suggesting that the 
cardiovascular protection is due to the improved 

glycemic control.22, 33 Taking all this into account 

metformin is still considered a safe drug and given its 
low cost is an ideal agent for first line treatment in type 

2 diabetes.  

 

Thiazolidinediones 
Thiazolidinediones (TZDs) are insulin sensitizing 

agents and work primarily by activating the peroxisome 

proliferator-activated receptor (PPAR)-γ leading to 
increased transcription of genes involved in glucose and 

lipid metabolism as well as energy balance. One of these 

is the glucose transporter GLUT-4 which in the presence 
of insulin is associated with increased glucose uptake. 

PPAR-γ is also expressed in adipocytes and endocrine 

signalling from adipocytes results in enhanced 

adipognensis and decreased fat breakdown (mediated by 
signalling factors such as free fatty acids and TNF-α) 

leading to a reduction in liver fat and improvement in 

insulin sensitivity in liver and muscle.1, 18, 22 The two 
available TZDs are rosiglitazone and pioglitazone 

however, concerns associating rosiglitazone with 

increased risk of ischemic cardiac events (as already 
mentioned in the  introduction of this article) led to the 

withdrawal from marketing authorisation of this drug 

within the EU in 2010 by the European Medicines 

Agency (EMA) and highly restricted access within the 
States by the FDA.1, 10, 12, 18, 34 Over the last few years 

TZDs have been studied in a number of trials, mostly to 

assess efficacy and durability of these drugs as well as 
their long-term outcomes and safety profile. TZDs are 

comparable to metformin and SU when it comes to 

glucose lowering, with an approximate HbA1c reduction 

of between -1.2% to -2.3% over a period of 3 to 12 
months.18, 22 They are not associated with increased risk 
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of hypoglycaemia and the A Diabetes Outcome 

Progression Trial (ADOPT), showed that rosiglitazone 

was associated with a lower cumulative incidence to 

monotherapy failure at 5 years then did metformin or 
glyburide suggesting that it had greater glycemic 

durability over the other drugs.22, 35 The most common 

side-effects of these drugs include weight gain, fluid 
retention leading to peripheral oedema as well as 

contributing to heart failure, effects on lipid profile as 

well as an associated increased risk of bone fractures in 

women in the long term.1, 22, 34 Weight gain is dose-
dependent and more pronounced when TZDs are used 

with insulin. With respect to their effect on lipid profile 

and other biochemical parameters, several studies have 
shown that TZDs are associated with an overall 

improved lipid profile with respect to HDL-C and TG, 

however in one study rosiglitazone was associated with 
significant increases in LDL-C.  Other improved 

cardiovascular parameters include a lowering of highly 

sensitive (hs)-CRP (anti-inflammatory effect) improved 

endothelial function and a reduction in procoagulatory 
state.18 The side effect of fluid retention with TZDs is 

widely recognised as is the associated consequence of 

heart failure, however, their effect on other 
cardiovascular end-points have been of much debate 

over the last few years. When looking at individual 

clinical trials as well as meta-analyses of RCT and 

observational studies with respect to cardiovascular 
events, studies on rosiglitazone seem to show an 

increased risk while studies on pioglitazone show a 

possible cardiovascular benefit.10, 36-40  Although the 
meta-analysis by Nissen and Wolski in 2007 showed 

that there was a significant increased risk of myocardial 

infarction, angina and cardiovascular mortality in 
patients taking rosiglitazone when compared with 

metformin, SU or placebo, this meta-analysis was 

heavily criticised for excluding studies with no relevant 

events and that some trials were too short to assess 
cardiovascular outcomes.10, 41 On the other hand the 

RECORD (rosiglitazone evaluated for cardiovascular 

outcomes in oral agent combination therapy for type 2 
diabetes) study (which was a multicentre, randomised, 

open-label non-inferiority trial) showed that 

rosiglitazone did not increase the risk of a composite end 
point of MACE when compared with SU or metformin, 

but it did not rule out an elevated risk of myocardial 

infarction.37, 42 The results of this study were also 

questioned partly in view of the open-label, unblinded 
design as well as concerns regarding data integrity 

which led to the FDA to ask for readjudication of the 

data. Following this, the results which emerged were 
reassuring that rosiglitazone was not associated with 

excess cardiovascular risk which eventually led the FDA 

in 2013 to remove  some of the prescribing and 

dispensing restrictions on rosiglitazone.15, 43 With respect 
to pioglitazone, several leading studies have shown a 

benefit of this drug on cardiovascular end-points.  The 

notable PROactive (PROspective pioglitazone Clinical 

Trial In macrovascular Events) randomised controlled 

study found that in patients with prior evidence of 
macrovascular disease, pioglitazone was associated with 

reduced risk of all-cause mortality, myocardial infarction 

(MI) and stroke.39 These differences on cardiovascular 
risk between pioglitazone and rosiglitazone are thought 

to be brought about by their differences on blood lipid 

profile – with pioglitazone having better effects on TG 

and HDL-C.6 However, the PROactive study did show 
an increase risk of oedema and congestive heart failure 

(CHF) in the pioglitazone treated groups when compared 

with placebo. An important feature not to be missed but 
is seen in most of the studies mentioned above is the fact 

that TZDs all have a decreased incidence of stroke.22  

With respect to fracture risk the ADOPT study showed 
an increased risk of distal bone fractures in women 

above the age of 60 with more fractures of the upper-

limb and foot rather than femoral neck or vertebrae thus 

stating that care should be taken when prescribing TZDs 
to female patients with regards to fracture risk.6 The fact 

that pioglitazone is both a PPAR-γ and α agonist, it has 

been linked to possibility of bladder cancer. A recent 
cohort study showed that short term use of pioglitazone 

was not associated with increased bladder cancer 

incidence, however increased risk is seen if treatment is 

given for more than 2 years.44 In light of all this one may 
wonder what is the place of these drugs in treatment 

strategies for patients with type 2 diabetes. Judicious use 

on an individualised basis should be the way forward 
with the hope that ongoing studies may shed more light 

and provide definitive answers.   

 

‘Glinides’ (Meglitinides) 

This class of antihyperglycaemic agents is also 

classified as insulin secretagogues, however they have a 

more rapid onset and shorter duration of action when 
compared to SU.  Their mode of action is similar to SU 

in that they also bind to the ATP-dependent K+ -channel 

on cell membranes of pancreatic β-cells, however they 
exert their actions via a different binding site.45 The fact 

that glinides have a short metabolic half-life (< 1 hour) 

with a fast onset of action makes them suitable as a 
prandial glucose regulators and hence ideal agents to 

cover the glucose load associated with meals.  Thus, 

repaglinide allows for flexibility of dosing such that if a 

meal is missed then so is the corresponding dose and this 
will in turn lead to a reduced risk of hypoglycaemia. One 

study on repaglinide assessed glycemic control after 

patients were randomised to treatment with either this 
drug or placebo. Use of  repaglinide was associated with 

significantly lower values of HbA1c, fasting and 

postprandial glucose (FPG, PPG) then placebo and at the 

end of the study there was a mean group difference in 
HbA1c of -1.7%. The commonest adverse event 
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encountered in both treatment groups was mild-to –

moderate hypoglycaemia with most of the events in the 

repaglinide treated group occurring during the dose-

adjustment period.45 In another study, repaglinide was 
administered to patients uncontrolled on metformin 

monotherapy. This led to significant reductions in 

HbA1C and FPG then when repaglinide or metformin 
were given on their own suggesting synergism when 

metformin is combined to repaglinide however, there 

was a significant increase in body weight with 

repaglinide use.46 Thus this agent appears to be an ideal 
component in managing type 2 diabetes as it has 

desirable characteristics which make it advantageous for 

use in certain patients such as the elderly (due to 
decreased risk of hypoglycaemia) or in patients with 

renal impairment due to its preferential metabolism in 

the liver.45 

 

α-glucosidase inhibitors 

This class of drugs suppresses glucose levels by 

preventing the digestion and absorption of complex gut 
carbohydrates (starch and sucrose) secondary to 

inhibition of intestinal α-glucosidase, thus lowering the 

post- prandial blood glucose level. These agents are used 
more infrequently nowadays, globally, mostly due to 

their renowned gastrointestinal side effects of flatulence 

and diarrhoea.1, 18, 22  They commonly reduce HbA1c by 

around -0.6 to -1.3% and are approved for use both as 
monotherapy and in combination with other anti 

hyperglycaemic drugs.18  With respect to weight, a 

Cochrane review stated that treatment with acarbose (the 
most commonly used α-glucosidase inhibitor) is 

associated with around -1.2kg weight loss in patients 

with prediabetes compared to placebo treatment. 
Furthermore there were nonsignificant ameliorations in 

serum lipid levels as well as BP.18 A commonly cited 

meta-analysis on acarbose (which included 7 placebo-

controlled RCTs) found that this drug was associated 
with reduced risk of ‘any cardiovascular event’ and also 

MI.47 Another RCT called the STOP-NIDDM assessed 

the effects of acarbose on development of frank diabetes 
in patients with impaired glucose tolerance.  Here the 

authors found that decreasing the post-prandial 

hyperglycaemia was associated with a 49% risk 
reduction in developing any cardiovascular event with 

the major reduction occurring in the risk of MI.  There 

was also a statistically significant reduction in BP, even 

though it must be acknowledged that there were a 
significant number of patients who discontinued 

treatment due to side-effects.48 However in a substudy of 

the UKPDS, patients randomised to acarbose did not 
have any significant differences on the risk of major 

clinical events.49 Thus, although there is no doubt about 

the benefits of acarbose on blood glucose lowering, data 

with respect to cardiovascular risk is still conflicting. 

Amylin analogues 

Amylin is a peptide hormone which is co-secreted 

with insulin from pancreatic β-cells following ingestion 

of nutrients of which secretion is either absent or 

diminished in diabetic patients.  Pramlintide, which is an 
amylin - receptor agonist is an equipotent synthetic 

analogue to amylin and has been approved for treatment 

of both type 1 and type 2 diabetes since 2005. It is 
thought to exert its glucose lowering effects by 

suppression of endogenous postprandial glucagon 

production leading to suppression of postprandial 

hepatic glucose production, by reducing gastric 
emptying time as well as induction of satiety through 

centrally mediated mechanisms leading to a reduction in 

postprandial glucose levels.1, 18, 50-51 Treatment with 
Pramlintide has proven to be efficacious in both type 1 

and 2 diabetes with beneficial effects on various 

metabolic parameters including HbA1c, weight and lipid 
levels. Since pramlintide is a peptide, it must be 

administered via the subcutaneous route (like insulin) to 

avoid degradation by gastrointestinal acids.   In type 2 

diabetes, it has been approved for use as adjunctive 
treatment to mealtime insulin in patients with or without 

concurrent use of SU and/or metformin in patients not 

achieving adequate glucose control. The observed 
reductions in HbA1c were around -0.6% and this was 

not accompanied by any increases in hypoglycaemia as 

well as proportionately lower total daily insulin doses in 

type 2 diabetics.50 With respect to weight, pramlintide 
was associated with significant reductions in weight (of 

around -0.5 to 1.4kg) despite reductions in HbA1c, with 

more pronounced weight loss occurring when baseline 
BMI > 40kg/m².8, 50  When it comes to its effect on 

biomarkers of cardiovascular disease further studies are 

need to elucidate the effect of pramlintide on the 
complications of diabetes. However, a study in type 2 

diabetics showed significant reductions in total and 

LDL-cholesterol compared with placebo, with the 

greatest reductions seen when pramlintide was used at 
the highest dose.18, 51 The side-effect profile of 

pramlintide includes nausea as well as vomiting and 

anorexia, however all these occur most frequently during 
initiation of therapy and tend to ease off with continued 

use.  There is also an increased risk of severe 

postprandial hypoglycaemia occurring within 3 hours of 
administration of pramlintide, and thus it is advisable for 

patients to increase the frequency of monitoring in order 

to detect hypoglycaemia.51  

 

Incretin based therapies 

The incretin system consists of gut hormones 

notably glucose-dependent insulinotropic polypeptide 
(GIP) and glucagon like peptide-1 (GLP-1). GIP is 

synthesised in the enteroendocrine K cells of the 

proximal ileum whereas GLP-1 is released from the 

enteroendocrine L cells of the distal ileum and is rapidly 
inactivated by the enzyme didpeptidyl peptidase IV 
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within the circulation. However administration of a 

dipeptidyl peptidase IV inhibitor prevents degradation of 

this peptide hormone allowing it to have a more 

prolonged action.   It is thought that these hormones are 
responsible for the enhanced insulin secretion seen in the 

postprandial phase. However, in patients with type 2 

diabetes this incretin effect is either lost or blunted, with 
a more pronounced impairment in GLP-1 secretion.1-2, 16-

17, 52-53  Consequently the two available drugs in this 

category are thus the GLP-1 agonists and the DPP IV 

inhibitors.  Some studies have shown that the 
insulinotropic effects of GLP-1 are preserved, such that 

infusion of GLP-1 may completely normalize beta and 

alpha cell sensitivity to glucose leading to potential 
novel pharmacotherapy in patients with type 2 diabete.53  

 

Glucagon like peptide-1 receptor agonists (GLP-1 

RA) 

The most commonly available agents in this class 

are exenatide (twice daily), exenatide extended-release 

(once weekly) and liraglutide.  These agents are peptide 
hormones and thus need to be injected via the 

subcutaneous route. As already stated, GLP-1 analogues 

are responsible for the stimulation of insulin secretion 
which is regulated by the intracellular glucose level as 

well and also reduce glucagon secretion from the alpha-

cells leading to a robust HbA1c lowering of around 0.8-

2.0%. However GLP-1 RA are associated with other 
beneficial effects including a delay in gastric emptying 

as well as early satiety resulting in decreased oral intake 

which  may  explain the modest weight loss seen with 
this treatment. GLP-1 RA also exerts positive effects on 

β-cells, namely it enhances β-cell proliferation and is 

also capable of inhibiting β-cell apoptosis.2, 52, 54    
Looking at the cardiovascular effects of these drugs it is 

thought that GLP-1 RA exert beneficial effects on the 

cardiovascular system due to the presence of GLP-1 

receptors in the heart and this happens independent of 
glucose control. Studies have shown that administration 

of GLP-1 resulted in improvement in the ejection 

fraction and both global and regional wall indices in 
patients who had had an acute myocardial infarct with 

associated low left ventricular ejection fraction, and that 

exenatide treatment was associated with lower rates of 
CV disease event rates when compared with other 

agents.2, 52- 53 It is also well known that GLP-1 RA have a 

beneficial effect on the metabolic profile in type 2 

diabetics. Exenatide therapy led to reductions in total 
cholesterol and triglycerides as well as reductions in 

systolic and diastolic blood pressure after 16 weeks of 

therapy.2, 18, 52 With respect to weight loss all studies 
report a positive effect of GLP-1RA on weight with a 

reduction in BMI by around – 0.44kg/m² when 

compared to placebo or insulin therapy.54-55 With respect 

to adverse effects, GLP-1R analogues have been 
associated with lower risk for hypoglycaemia when 

administered as monotherapy or when compared to 

insulin.52, 55-56 Other adverse side effects include an 

increased incidence of gastrointestinal effects including 

nausea, vomiting and diarrhoea when compared to 
placebo or insulin therapy.52, 54-55 Regarding  long term 

cardiovascular outcome studies, one meta- analysis did 

not find any evidence to suggest an increase in 
cardiovascular morbidity when compared to placebo or 

other drugs.57 There have been reports of short-term risk 

of acute pancreatitis as well as potential for long-term 

risk of chronic pancreatitis in patients taking this class of 
drugs, however, patients had other potential causes for 

this and the data available to date does not convincingly 

prove this risk. Even so, the FDA asks for vigilance 
when prescribing these drugs to patients and to report 

any such cases.58 Concerns have also been raised on 

GLP-1R analogues with regards to their propensity to 
cause proliferative changes in rodent thyroid C cells 

including C-cell hyperplasia, adenomas, and medullary 

thyroid carcinomas although data in human subjects did 

not show any elevations in serum calcitonin levels and 
there have been no case reports describing medullary 

thyroid carcinomas in patients receiving GLP-1R agonist 

treatment.  However more long term trials need to be 
available concerning the above issues as till now the data 

is not robust enough.52  Finally there is limited data with 

respect to mortality with GLP-1 analogues, however 

studies to date suggests that there is no increased risk 
during treatment with such drugs.59 

 

Dipeptidyl peptidase-4 (DPP-4) Inhibitors 
This class of drugs are also part of the incretin 

system of gut hormones. These work by preventing 

breakdown of endogenous GLP-1 and GIP leading to 
enhanced circulating concentrations of these hormones 

which in turn lead to glucose dependent insulin secretion 

as well as inhibition of glucagon secretion. The four 

widely available agents are all orally active and include 
sitagliptin, vildagliptin, saxagliptin and linagliptin.1-2, 18, 

22, 52, 60 Studies have shown that these drugs are generally 

well tolerated, reduce HbA1c by around -0.8% are 
weight neutral and by themselves are not associated with 

hypoglycaemia, thus the FDA has  approved them for 

both monotherapy as well as in combination with other 
anti-hyperglycaemic drugs in the treatment of type 2 

diabetic patients.1, 18, 52, 58, 60 Their pharmacodynamic and 

pharmacokinetic properties are what make DPP-4 

inhibitors attractive for use especially in certain groups 
of people.  The fact that they cause glucose dependent 

insulin secretion and thus decreased risk of 

hypoglycaemia when compared to SU, as well as the 
fact that saxagliptin and vildagliptin are metabolised by 

the liver implies that they may be used in elderly 

patients or patients with renal failure. They also enjoy 

good overall tolerability (when compared with 
metformin they are associated with lower 
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gastrointestinal adverse effects) and are not associated 

with the weight gain seen with SU and TZD use.18, 22, 59, 

61  Moreover they are also associated with positive 

effects on surrogate parameters of cardiovascular risk.  
Studies have shown a favourable trend with regard to 

triglyceride, HDL-C and LDL-C levels52-53 and emerging 

data from recent studies and meta-analysis also show 
that DPP-4 inhibitors have a positive effect on the 

cardiovascular system.  One study has shown that 

administration of sitagliptin to patients with coronary 

artery disease led to increased ejection fraction and 
improved contractile function of the ischemic areas.62 

Also, it has been shown that DPP-4 inhibitors reduce 

blood pressure in a number of studies and in animal 
studies gliptins seem to exert a positive effect on the 

evolution of heart failure which was independent of 

blood glucose control.63 When looking at the effects of 
DPP-4 inhibitors on cardiovascular events two recent 

meta-analyses state that DPP-4 inhibitor reduce the risk 

of major adverse cardiovascular events – in particular 

myocardial infarction as well as decreased all-cause 
mortality and are thus reported as having a safe profile 

from a cardiovascular standpoint which is not seen with 

certain other anti-hyperglycaemic agents.64-66  Several 
other large-scale trials are in the making specifically 

designed to assess the cardiovascular effects of each 

gliptin.  One such study, the SAVOR-TIMI 53, has 

recently published data which states that saxagliptin 
found no excess or reduction in rates of ischemic events. 

It was noted, however that patients randomised to the 

saxagliptin arm had increased rates of hospitalisation for 
heart failure, which warrants further investigation.67 

With respect to the association of DPP-4 inhibitors with 

the risk of pancreatitis, pancreatic cancer and C-cell 
proliferation, data is very minimal and not uniformly 

reproducible in human studies thus further data is 

required in this area.59  Thus the literature available 

implies that these novel drugs are proving to be pivotal 
in the treatment of type 2 diabetes, and that the benefits 

of DPP-4 inhibitor therapy by far outweigh the risks, 

making them key agents in the therapeutic 
armamentarium for type 2 diabetes.  

      

Insulins 
Insulin is the mainstay of treatment in type 1 

diabetes and is an option in type 2 diabetes when other 

hypoglycaemic agents fail to maintain adequate blood 

glucose levels.16-17, 34, 52, 58 With respect to other 
antihyperglycemic agents, insulin delivers superior 

glucose reductions and this is consolidated by the fact 

that it offers up to 4.9% reductions in HbA1c levels.18  
There are various different types of insulins available 

depending either on the source (animal, human or 

analogue insulins) or their action profile (short-, 

intermediate- and long-acting insulins).17 Short acting 
insulins include those with a rapid onset and short 

duration of action such as soluble insulin (Humulin S®) 

or the newer analogues (such as aspart or gluisine) and 

notably these are used to cover prandial glucose 

excursions.16-17, 52  Intermediate acting insulin such as 
isophane insulin (neutral protamine Hagerdon [NPH] 

has an onset of action within 1-2 hours and lasts for 

around 8-14 hours whereas long acting insulins (notably 
the analogues glargine or detemir) have a longer 

duration of action of around 22-24 hours and provides a 

consistent release of insulin during the day reminiscent 

of natural basal insulin release without any peaks of 
activity.68-69 Insulin therapy in type 2 diabetes can be 

administered in different ways.  Usually, insulin 

initiation takes the form of bedtime insulin using either 
isophane insulin or a once daily long-acting insulin 

analogue (such as glargine) and step-up treatment with 

either bi-daily injection of premixed biphasic insulin or 
short-acting insulin before meals (in a basal –bolus 

fashion) occurring if adequate glucose control is still not 

achieved.34, 52 In the United Kingdom Prospective 

Diabetes Study (UKPDS) tight glycemic control with a 
combination of insulin and oral hypoglycaemic agents 

was associated with lower HbA1c values then those in 

the conventionally treated group and also had 
significantly decreased risk of microvascular 

complications, and furthermore, in the 10 year post trial 

follow up there was also a significant reduction in 

myocardial infarctions thus implying that insulin use is 
indispensable in type 2 diabetes and is also effective at 

preventing onset of complications.  However, these 

results came at the expense of an increase in the rate of 
both hypoglycaemia and weight gain.20-21, 69-70  With the 

development of long acting insulin analogues there is an 

improvement the insulin profile such that when injected 
subcutaneously there is a constant release of insulin into 

the bloodstream and without any peaks in insulin 

concentration over 24 hours (as opposed to isophane 

insulin) thus providing the basal component in the basal-
bolus regime with the added benefit of once daily 

dosing.69, 71 Thus, these inherent pharmacokinetic and 

pharmacodynamic properties of insulin analogues have 
been thought to be responsible for the decreased risk of 

hypoglycaemia especially nocturnal hypoglycaemia.69, 71 

Several studies have shown that long-acting insulin 
analogues achieve comparable glucose control to NPH 

insulin with lower rates of symptomatic and nocturnal 

hypoglycaemia with detemir also showing significantly 

less weight gain.34, 68-69, 72-73 With respect to long term 
outcome trials, in the 10-year post-trial follow-up of the 

UKPDS, patients subjected to an intensive treatment 

regime continued to show a reduction in microvascular 
risk by 15% as well as reductions for any diabetes-

related end point and death from any cause (9% and 

13% respectively) even though the differences in HbA1c 

levels attained were lost after the first year.  This 
‘legacy-effect’ implies that early aggressive glycemic 
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control is associated with a sustained reduction in 

microvascular risk and in any diabetes-related end point. 

Furthermore, there was also a significant reduction in 

risk of either myocardial infarction or death from any 
cause which was not seen during the interventional 

phase of the trial.18, 21 Finally, the UKPDS also 

investigated the concerns that exogenous insulin may 
potentially be harmful by enhancing atheroma formation 

due to the high insulin concentrations. This was 

unproven in the study since patients assigned to 

intensive insulin treatment did not have an increase in 
myocardial infarctions suggesting that inherent treatment 

with insulin did not pose a cardiovascular risk.20  There 

have also been insinuations that high concentrations of 
insulin and thus increased binding of insulin to IGF-1 

receptors may promote tumorigenesis. Insulin glargine 

has increased potency at the IGF-1 receptor then regular 
human insulin, however studies in rats and mice as well 

as a recent review of glargine-treated patients did not 

support an increased risk of carcinogenicity.69- 70   

 

Conclusion 

Thus as one can see the clinician has at his disposal 

a number of antihyperglycemic agents available for the 
management of hyperglycemia.  As with all chronic 

medical conditions an individualised approach within a 

comprehensive care framework should be the way 

forward with many regulatory bodies advocating 
pharmacotherapy to be used as an adjunct to lifestyle 

modification.  It is now universally acknowledged that 

management of diabetes does not only involve lowering 
of blood glucose but also the management of other 

cardiometabolic parameters such as serum lipid levels, 

blood pressure and platelet aggregation which have all 
been associated with adverse cardiovascular events.  It is 

understood that most patients will eventually require 

more than one antihyperglycemic agent for optimum 

control of their diabetes, and thus the risks and benefits 
of each drug should be considered when prescribing a 

treatment regime as should the individual patient 

characteristics (such as age, weight, presence of 
comorbidities, risk of hypoglycaemia and so forth) in 

order to be successful at achieving optimum glycemic 

control without the occurrence of undesirable effects. 
 

References: 

1. Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, 

Ferrannini E et al. American Diabetes Association (ADA); 
European Association for the Study of Diabetes (EASD). 
Management of hyperglycemia in type 2 diabetes: a patient-
centred approach. Position Statement of the American Diabetes 
Association (ADA) and the European Association for the Study 
of Diabetes (EASD). Diabetes Care, 2012; 35: 1364– 79. 

2. Singh S, Bhat J and Wang P. Cardiovascular effects of anti-
diabetic medications in type 2 diabetes mellitus.  Curr Cardiol 

Rep, 2013; 15: 327 
3. Holman R.  Optimal management of T2DM remains elusive.  

Nat. Rev. Endocrinol, 2013; 9: 67-68. 

4. Singh A, Donnino R, Weintraub H and Schwarzbard A.  Effect 

of strict glycemic control in patients with diabetes mellitus on 
frequency of macrovascular events. Am J Cardiol, 2013; 112: 
1033-1038. 

5. Fonseca V. Ongoing clinical trials evaluating the 
cardiovascular safety and efficacy of therapeutic approaches to 
diabetes mellitus.  Am J Cardiol, 2011; 108: [suppl] 52B-58B. 

6. Hirshberg B and Raz I.  Impact of the U.S. Food and Drug 
Administration cardiovascular assessment requirements on the 

development of novel antidiabetes drugs. Diabetes Care, 2011; 
34(2) S101-106. 

7. UK Prospective Diabetes Study (UKPDS) Group. Intensive 
blood-glucose control with sulphonylureas or insulin compared 
with conventional treatment and risk of complications in 
patients with type 2 diabetes (UKPDS 33). Lancet, 1998; 352: 
837–853. 

8. The Action to Control Cardiovascular Risk in Diabetes Study 

Group. Effects of intensive glucose lowering in type 2 diabetes. 
N Engl J Med, 2008; 358: 2545–59.  

9. The ADVANCE Collaborative Group. Intensive blood glucose 
control and vascular outcomes in patients with type 2 diabetes. 
N Engl J Med, 2008; 358: 2560–72. 

10. Nissen SE and Wolski K. Effect of rosiglitazone on the risk of 
myocardial infarction and death from cardiovascular causes. N 
Engl J Med, 2007; 356: 2457–71. 

11. Goldfine A.  Assessing the cardiovascular safety of diabetes 
therapies.  N Engl J Med, 2008; 359: 1092-1095. 

12. US Food and Drug Administration (FDA). FDA Adds boxed 
warning for heart-related risks to anti-diabetes drug avandia; 14 
November 2007. URL:www.fda.gov/bbs/ 
topics/NEWS/2007/NEW01743.html (accessed 07 May 2014). 

13. FDA. Guidance for industry: diabetes mellitus — evaluating 
cardiovascular risk in new antidiabetic therapies to treat type 2 

diabetes, 2008, available at: http://www.fda.gov/cder/ 
guidance/index.htm. (Accessed 5 May 2014). 

14. Hirshberg B and Katz A.  Cardiovascular outcome studies with 
novel antidiabetes agents: scientific and operational 
considerations.  Diabetes Care, 2013; 36(2): S253-S258. 

15.  Hiatt W, Kaul S and Smith R.  The cardiovascular safety of 
diabetes drugs – insights form the    Rosiglitazone experience.  
N Eng J Med, 2013; 369(14): 1285-1287.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

16. Turner HE, Wass JA (2009). Oxford handbook of 

endocrinology and diabetes. 2nd ed. Oxford: Oxford University 
Press. 

17. Whitehead S and John M (2013). Clinical Endocrinology. 
Scion Publishing LTD.  

18. Kurukulasuriya LR and Sowers JR. Therapies for type 2 
diabetes: lowering HbA1c and associated cardiovascular risk 
factors. Cardiovascular Diabetology, 2011; 9:45. 

19. Holman RR. Long-term efficacy of sulfonylureas: a United 

Kingdom Prospective Diabetes Study perspective.  Metabolism 
Clinical and Experimental, 2006; 55 (1): S2-S5. 

20. Uk Prospective Diabetes Study (UKPDS) Group. Intensive 
blood-glucose control with sulphonylureas or insulin compared 
with conventional treatment and risk of complications in 
patients with type 2 diabetes.  The Lancet, 1998; 352: 837-853. 

21. Holman RR, Paul SK, Bethel MA et al. 10-year follow-up of 
intensive glucose control in type 2 diabetes. N Engl J Med, 

2008; 359: 1577-1589. 
22. Home P. Cardiovascular disease and oral agent glucose-

lowering therapies in the management of type 2 diabetes. 
Diabetes Technology & Therapeutics, 2012; 14(1): S33 – 42. 

23. University Group Diabetes Program: A study of the effects of 
hypoglycemic agents on vascular complications in patients with 
adult-onset diabetes. Diabetes, 1970; 19 (2): 747–830. 

24. American Diabetes Association. Implications of the United 

Kingdom Prospective Diabetes Study. Diabetes Care, 2003; 
26(1): S28-S32.  

36



 

 

 
 
 

Review Article  
 

 
 

Malta Medical Journal    Volume 26 Issue 04 2014                                                                                                                
 
 

25. Forst T, Hanefeld M, Jacob S, Moeser G, Schwenk G et al. 

Association of sulphonylurea treatment with all-cause and 
cardiovascular mortality: a systematic review and meta-
analysis of observational studies. Diabetes and Vascular 
Disease Research, 2013; 10(4): 302-314. 

26. Monami M, Genovese S and Manucci E.  Cardiovascular safety 
of sulfonylureas: a meta-analysis of randomized clinical trials.  
Diabetes, Obesity and Metabolism, 2013; 15: 938-953. 

27. Andujar-Plata P, Pi-Sunyer X and Laferrere B.  Metformin 

effects revisited. Diabetes Research And Clinical Practice, 
2012; 95: 1-9. 

28. Mahmood K, Naeem M and Rahimnajjad N. Metformin: the 
hidden chronicles of a magic drug. European Journal of 
Internal Medicine, 2013; 24: 20-26. 

29. Vella S.  Metformin revisited – an ‘old’ drug with a ‘new’ 
beginning.  Journal of the Malta College of Pharmacy Practice, 
2013; 19: 12-15. 

30. Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, 
Lachin JM, et al. Reduction in the incidence of type 2 diabetes 
with lifestyle intervention or metformin. N Engl J Med 2002; 
346: 393–403. 

31. UK Prospective Diabetes Study (UKPDS) Group. Effect of 
intensive blood-glucose control with metformin on 
complications in overweight patients with type 2 diabetes 
(UKPDS 34). Lancet, 1998; 281: 2005-12. 

32. Eurich DT, Majumdar SR, McAlister FA, Tsuyuki RT and 
Johnson JA. Improved clinical outcomes associated with 
metformin in patients with diabetes and heart failure. Diabetes 
Care, 2005; 28(10): 2345-51. 

33. Lamanna C, Monami M, Marchionni N and Mannucci E. Effect 
of metformin on cardiovascular events and mortality: a meta-
analysis of ramdomized clinical trials. Diabetes, Obesity and 
Metabolism, 2011; 13(3): 221-228.  

34. Nice Institute for Health and Clinical Excellence. Type 2 
diabetes: the management of type 2 diabetes. NICE clinical 
guideline 87 (2009). http://www.nice.org.uk/cg8. 

35. Kahn S, Haffner S, Heise M, Herman W, Holman R, Jones N et 
al.  Glycemic durability of rosiglitazone, metformin or 
glyburide monotherapy.  N Eng J Med, 2006; 355: 2427-2443. 

36. Singh S, Loke YK and Furberg CD. Long-term risk of 
cardiovascular events with rosiglitazone: a metaanalysis. 
JAMA, 2007; 298: 1189–95. 

37. Home P, Pocock S, Beck-Nielsen H, Curtis P, Gomis R et al.  
Rosiglitazone evaluated for cardiovascular outcomes in oral 
agent combination therapy for type 2 diabetes (RECORD): a 
multicentre, randomised, open-label trail.  Lancet, 2009; 373: 
2125-2135. 

38. Loke Y, Kwok C and Singh S. Comparative cardiovascular 
effects of Thiazolidinediones: systematic review and meta-
analysis of observational studies. BMJ, 2011; 342: d1309. 

39. Dormandy JA, Charbonnel B, Eckland DJ, Erdmann E, Massi-
Benedetti M et al. Secondary prevention of macrovascular 
events in patients with type 2 diabetes in the PROactive Study 
(PROspective pioglitAzone Clinical Trial In macroVascular 
Events): a randomised controlled trial. Lancet, 2005; 366: 
1279–89. 

40. Lincoff AM, Wolski K, Nicholls SJ and Nissen SE. 
Pioglitazone and risk of cardiovascular events in patients with 

type 2 diabetes mellitus: a meta-analysis of randomized trials. 
JAMA, 2007; 298: 1180–8. 

41. Rosen CJ.  The rosiglitazone story- lessons from an FDA 
advisory committee meeting. N Eng  J Med, 2007; 357(9): 844-
846. 

42. Woodcock J, Sharfstein J and Hamburg M. Regulatory action 
on rosiglitazone by the U.S. Food and Drug Administration.  N 
Eng J Med, 2010; 363 (16): 1489-1491. 

 
 

43. US Food and Drug Administration. FDA requires removal of 

some prescribing and dispensing restriction for rosiglitazone-
containing diabetes medicines. 25th November 2013 (accessed 
1st July 2014). 

44. Lewis J, Ferrara A, Peng T Hedderson M, Bilker WB, et al. 
Risk of bladder cancer among diabetes patients treated with 
pioglitazone. Diabetes Care, 2011; 34: 916-922. 

45. Goldber R, Eihorn D, Lucas C Rendell MS, Damsbo P et al. A 
randomised placebo-controlled trial of repaglinide in the 

treatment of type 2 diabetes. Diabetes Care, 1998; 21(11): 
1897-1903. 

46. Moses R, Slobodniuk R, Boyages S Colagiuri S, Kidson W et 
al. Effect of repaglinide addition to metformin monotherapy on 
glycemic control in patients with type 2 diabetes. Diabetes 
Care, 1999; 22: 119-124. 

47. Hanefeld M, Cagatay M, Petrowitschb T, Neuser D, Petzinna D 
et al: Acarbose reduces the risk for myocardial infarction in 

type 2 diabetic patients: meta-analysis of seven long-term 
studies. Eur Heart J, 2004; 25: 10–16. 

48.  Chiasson JL, Josse RG, Gomis R, Hanefeld M, Karasik A et 
al: Acarbose for prevention of type 2 diabetes mellitus: the 
STOP-NIDDM randomised trial. Lancet, 2002; 359: 2072–
2077. 

49. Holman RR, Cull Ca, Turner RC. A randomised double-blind 
trial of acarbose in type 2 diabetes shows improved glycemic 

control over 3 years (UK Prospective Diabetes Study 44). 
Diabetes Care, 1999; 22: 960-964. 

50. Hoogwerf BJ, Doshi KB, Diab D. Pramlintide, the synthetic 
analogue of amylin: physiology, pathophysiology, and effects 
on glycemic control, body weight, and selected biomarkers of 
vascular risk. Vasc Health Risk Manag, 2008; 4: 355-362. 

51. Thompson RG, Pearson L, Schoenfeld SL Kolterman OG. The 
Pramlintide in Type 2 Diabetes Group: Pramlintide, a synthetic 

analog of human amylin, improves the metabolic profile of 
patients with type 2 diabetes using insulin. Diabetes Care, 
1998; 21: 987-993. 

52. Garber AJ, Abrahamson MJ, Barzilay JI, Blonde L, 
Bloomgarden ZT et al: American Association of Clinical 
Endocrinologists’ Comprehensive Diabetes Management 
algorithm 2013 consensus statement.  Endocrine Practice, 
2013: 19(2); 1-38.  

53. Holst JJ, Vilsbøll T and Deacon CF. The incretin system and its 

role in type 2 diabetes mellitus. Molecular and Cellular 
Endocrinology, 2009; 297: 127–136. 

54. Aroda VR, Henry RR, Han J, Huang W, DeYoung MB  et al.  
Efficacy of GLP-1 receptor agonists and DPP-4 inhibitors: 
meta-analysis and systematic review. Clinical Therapeutics, 
2012; 34(6):1247-1258. 

55. Monami M, Marchionni N and Mannucci E.  Glucagon-like 
peptide-1 receptor agonists in type 2 diabetes: a meta-analysis 

of randomized clinical trials. European Journal of 
Endocrinology, 2009; 160: 909-917. 

56. Moretto TJ, Milton DR, Ridge TD, Macconell LA, Okerson T 
et al.  Efficacy and tolerability of exenatide monotherapy over 
24 weeks in antidiabetic drug-naive patients with type 2 
diabetes: a randomized, double-blind, placebo-controlled, 
parallel-group study. Clinical Therapeutics, 2008; 30: 1448–
1460. 

57. Monami M, Cremasco F, Lamanna C, Colombi C, Desideri CM 
et al.  Glucagon-like peptide-1 receptor agonists and 
cardiovascular events: a meta-analysis of randomised clinical 
trials. Experimental Diabetes Research, 2011; Volume 2011, 
ArticleID215764. 

58. Waugh N, Cummins E, Royle P et al. Newer agents for blood 
glucose control in type 2 diabetes: systematic review and 
economic evaluation. Health Technol Assess, 2010; 14(36): 1-

248. 
 

37

http://www.ncbi.nlm.nih.gov/pubmed?term=Hamman%20RF%5BAuthor%5D&cauthor=true&cauthor_uid=11832527
http://www.ncbi.nlm.nih.gov/pubmed?term=Lachin%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=11832527
http://www.ncbi.nlm.nih.gov/pubmed?term=Tsuyuki%20RT%5BAuthor%5D&cauthor=true&cauthor_uid=16186261
http://www.ncbi.nlm.nih.gov/pubmed?term=Johnson%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=16186261
http://www.ncbi.nlm.nih.gov/pubmed?term=Mannucci%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21205121
http://www.nice.org.uk/cg8
http://www.ncbi.nlm.nih.gov/pubmed?term=Erdmann%20E%5BAuthor%5D&cauthor=true&cauthor_uid=16214598
http://www.ncbi.nlm.nih.gov/pubmed?term=Massi-Benedetti%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16214598
http://www.ncbi.nlm.nih.gov/pubmed?term=Massi-Benedetti%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16214598
http://www.ncbi.nlm.nih.gov/pubmed?term=Rendell%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=9802740
http://www.ncbi.nlm.nih.gov/pubmed?term=Damsbo%20P%5BAuthor%5D&cauthor=true&cauthor_uid=9802740
http://www.ncbi.nlm.nih.gov/pubmed?term=Colagiuri%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10333912
http://www.ncbi.nlm.nih.gov/pubmed?term=Kidson%20W%5BAuthor%5D&cauthor=true&cauthor_uid=10333912
http://www.ncbi.nlm.nih.gov/pubmed?term=Neuser%20D%5BAuthor%5D&cauthor=true&cauthor_uid=14683737
http://www.ncbi.nlm.nih.gov/pubmed?term=Petzinna%20D%5BAuthor%5D&cauthor=true&cauthor_uid=14683737
http://www.ncbi.nlm.nih.gov/pubmed?term=Hanefeld%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15164169
http://www.ncbi.nlm.nih.gov/pubmed?term=Karasik%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15164169
http://www.ncbi.nlm.nih.gov/pubmed?term=Kolterman%20OG%5BAuthor%5D&cauthor=true&cauthor_uid=9614619
http://www.ncbi.nlm.nih.gov/pubmed?term=Huang%20W%5BAuthor%5D&cauthor=true&cauthor_uid=22608780
http://www.ncbi.nlm.nih.gov/pubmed?term=DeYoung%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=22608780
http://www.ncbi.nlm.nih.gov/pubmed?term=Macconell%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=18803987
http://www.ncbi.nlm.nih.gov/pubmed?term=Okerson%20T%5BAuthor%5D&cauthor=true&cauthor_uid=18803987
http://www.ncbi.nlm.nih.gov/pubmed?term=Colombi%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21584276
http://www.ncbi.nlm.nih.gov/pubmed?term=Desideri%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=21584276


 

 

 
 
 

Review Article  
 

 
 

Malta Medical Journal    Volume 26 Issue 04 2014                                                                                                                
 
 

59. Nauck MA. A critical analysis of the clinical use of incretin-

based therapies. The benefits by far outweigh the potential 
risks.  Diabetes Care, 2013; 36: 2126-2132. 

60. Thornberry N and Gallwitz B. Mechanism of action of 
inhibitors of dipeptidyl-peptidase-4 (DPP-4). Best Practice and 
Research Clinical Endocrinology and Metabolism, 2009; 23: 
479-486. 

61. Scheen AJ.  DPP-4 inhibitors in the management of type 2 
diabetes: a critical review of head-to-head trials.  Diabetes & 

Metabolism, 2012; 38: 89-101. 
62. Duex H, Cariou B and Staels B.  DPP-4 inhibitors in the 

treatment of type 2 diabetes.  Biochemical Pharmacology, 
2012; 83: 823-832.  

63. Dai Y, Dai d, Mercanti F, Ding Z, Wang X et al.  Dipeptidyl 
peptidase-4 inhitiors in cardioprotection: a promising 
thearpuetic approach. Acta Diabetol, 2013; 50: 827-835. 

64. Patil H, Badarin F, Shami H, Bhatti SK, Lavie CJ et al.  Meta-

analysis of effect of dipeptidyl peptidase-4 inhibitors on 
cardiovascular risk in type 2 diabetes mellitus.  Am J Cardiol, 
2012; 110: 826-833. 

65. Monami M, Iacomelli I, Marchionni N, Mannucci E et al.  
Dipeptydil peptidase-4 inhibitors in type 2 diabetes:  a meta-
analysis of randomised clinical trials. Nutrition, Metabolism & 
Cardiovascular Diseases, 2010; 20: 224-235. 

66. Monami M, Ahre  ́B, Dicembrini I, Mannucci E et al. 

Dipeptidyl peptidase-4 inhibitors and cardiovascular risk: A 
meta-analysis of randomized clinical trials. Diabetes, Obesity 
and Metabolism, 2013; 15: 112–120 

67. Scirica B, Bhatt D, Braunwald E, Steg PG, Davidson J et al.  
Saxagliptin and cardiovascular outcomes in patients with type 2 
diabetes mellitus.  N Eng J Med, 2013; 369(14): 1317-1326. 

68. Migdalais IN.  Insulin analogs versus human insulin in type 2 
diabetes. Diabetes Res Clin Pract, 2011; 93 (1): S102-4. 

69. Barnett AH. Insulin glargine in the treatment of type 1 and type 
2 diabetes. Vasc Health Risk Manag, 2006; 2(1): 59-67. 

70. Donner T and Munoz M.  Update on insulin therapy for type 2 
diabetes. J Clin Endocrinol Metab, 2012; 97(5): 1405-13. 

71. National Institute for Health and Clinical Excellence (NICE) 
Guidance on the use of long-acting insulin analogues for the 
treatment of diabetes- insulin glargine: Technology Appraisal 
53; 2002.  

72. Rosenstock J, Davies M, Home PD, Larsen J, Koenen C et al. 

A randomised 52 week, treat-to-target trial comparing insulin 
detemir with insulin glargine when administered as add-on to 
glucose-lowering drugs in insulin-naïve people with type 2 
diabetes. Diabetologia 2008; 51:408–16. 

73. Monami M, Marchionni N and Mannucci E. Long-acting 
insulin analogues versus NPH human insulin in type 2 diabetes. 
A meta-analysis. Diabetes Res Clin Pract, 2008; 81: 184–9. 

 

 
 
 
 
 
 
 
 
 

 
 

38

http://www.ncbi.nlm.nih.gov/pubmed?term=Ding%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=23824323
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=23824323
http://www.ncbi.nlm.nih.gov/pubmed?term=Bhatti%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=22703861
http://www.ncbi.nlm.nih.gov/pubmed?term=Lavie%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=22703861
http://www.ncbi.nlm.nih.gov/pubmed?term=Mannucci%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19515542
http://www.ncbi.nlm.nih.gov/pubmed?term=Mannucci%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22925682
http://www.ncbi.nlm.nih.gov/pubmed?term=Steg%20PG%5BAuthor%5D&cauthor=true&cauthor_uid=23992601
http://www.ncbi.nlm.nih.gov/pubmed?term=Davidson%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23992601
http://www.ncbi.nlm.nih.gov/pubmed?term=Larsen%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18204830
http://www.ncbi.nlm.nih.gov/pubmed?term=Koenen%20C%5BAuthor%5D&cauthor=true&cauthor_uid=18204830



