
Core tip: Treatment of diabetes is difficult. Initial suc-
cess in achieving treatment goals is followed by dete-
rioration and the necessity for additional treatments. 
Exciting new drugs with new modes of action, have 
stimulated diabetologists to strive for improved control 
in the knowledge that complications will be reduced 
or prevented. Obese patients, who loose weight on 
glucagon-like peptide-1 agonists are usually delighted 
with these drugs but for those who fail to loose weight 
changing to oral dipeptidyl peptidase-4 inhibitors would 
seem a good choice. sodium-glucose transporter-2 in-
hibitors have the added benefit of being effective even 
if blood sugar is near to target but uro-genital infection 
is a concern. 
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INTRODUCTION
Readers interested in diabetes must be sick and tired read-
ing that diabetes is a global problem of  immense size and 
getting worse by the day with predictions that we will all 
have the disease one day! I exaggerate of  course but it is 
sad to realise that although we know so much more about 
the condition we have made little progress in reducing or 
conquering the disease. A recent history of  diabetes in 
the past 200 years by Polonsky[1] gives an excellent review 
of  the history of  discovery of  so many mechanisms that 
are faulty in diabetes and the number of  Nobel prize 
winners who have contributed to such wonderful success, 
yet more and more people are being diagnosed with the 
condition/disease and the consequences are immense 
in terms of  suffering and financial cost. One should not 
forget that before the discovery of  insulin 90 years ago 
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Abstract
In recent years the treatment focus for type 2 diabe-
tes has shifted to prevention by lifestyle change and 
to more aggressive reduction of blood sugars during 
the early stage of treatment. Weight reduction is an 
important goal for many people with type 2 diabetes. 
Bariatric surgery is no longer considered a last resort 
treatment. Glucagon-like peptide-1 agonists given by 
injection are emerging as a useful treatment since they 
not only lower blood sugar but are associated with a 
modest weight reduction. The role of the oral dipep-
tidyl peptidase 4 inhibitors is emerging as second line 
treatment ahead of sulphonylureas due to a possible 
beneficial effect on the beta cell and weight neutrality. 
Drugs which inhibit glucose re-absorption in the kidney, 
sodium/glucose co-transport 2 inhibitors, may have a 
role in the treatment of diabetes. Insulin treatment still 
remains the cornerstone of treatment in many patients 
with type 2 diabetes.
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diabetes was a rapidly fatal disease and there was little 
interest in what we now term type 2 diabetes. Type 2 
diabetes now makes up 90% of  all diabetes. Insulin resis-
tance rather than insulin deficiency is the major player in 
the vast majority of  type 2 diabetes and type 2 diabetes 
can be reversed, at least in many patients, with exercise 
and weight reduction. This is not new information but 
was highlighted by Taylor’s group in Newcastle in 2011[2] 
when they did a very simple experiment on patients who 
had diabetes, were obese and managed with tablets. They 
got 13 patients to do what was common practice and 
fashionable 40 years ago. They put the patients on an 800 
kcal diet, a diet that has been proven beyond doubt to 
cause weight loss. Indeed there has never been a report 
of  anyone who can maintain their weight on an 800 kcal 
diet. Compliance was checked by urinary ketones and 
weight loss. Eleven of  the patients succeeded in finishing 
the eight week diet and lost as much weight as would be 
expected from bariatric surgery. Just like what happens 
following bariatric surgery in patients with type 2 dia-
betes, the diabetes disappeared and blood pressure and 
lipids improved. Nothing spectacular so far and the study 
would not have been worthy of  reporting since all this 
is well known and has been done many times before, as 
Professor Yki-Jarvinen in her leading article in Diabeto-
logia[3] wrote “the only problem is that in medical school 
and when I was training as an endocrinologist nobody 
told me how to get patients to follow such a diet”. Only 
10% of  patients are able to follow dietary restriction 
advice and only the minority take the exercise treatment. 
Worse, of  those who do succeed 90% relapse. Indeed this 
is why low calorie diets became unfashionable and large 
type 2 diabetic trials such as the Steino Hospital trial[4] 
did not include weight reduction as part of  their proto-
col. The Newcastle group[2] converted an unoriginal and 
mundane study into a really exciting study by demonstrat-
ing that liver fat almost disappeared completely within a 
week and this was associated with a very large improve-
ment in blood sugar and insulin resistance. The rapidity 
of  improvement was interesting and the significance of  
the reduction of  fat around the beta cell, a new finding 
of  uncertain importance. However a plausible theory is 
that fat in the vicinity of  the beta cell and in particular 
cholesterol, may be easily oxidised and the release of  free 
radicals contributes to damage to the beta cell. In this re-
gard a gene variant Ckal1, a gene associated with protein 
translation, has been shown to be very sensitive to oxida-
tion and it is associated with a feeble insulin response[5]. 
Beta cells have the ability to regenerate and early and 
intensive reduction in blood sugar has been shown to im-
prove beta cell function. Hyperglycaemia creates a vicious 
circle-the higher the blood sugar the greater the damage 
to the beta cell and the greater the damage to the beta 
cell the higher goes the sugar. Hence the drive to prevent 
hyperglycaemia by intervention in the pre-diabetes phase 
and to normalise blood sugar in the early stages of  dia-
betes. The final result of  the Newcastle group study that 
made me and many others sit up and take notice was the 

demonstration that the beta cell recovered, not partially 
but completely, and even the first phase insulin release 
returned to normal so the patients really did reverse their 
diabetes. This article was of  such interest that it made 
headlines in daily newspapers around the world. Patients 
and their relatives, perhaps for the first time, really un-
derstood the damage diabetes does and gained new hope 
seeing a goal of  reversal of  diabetes and the possibility 
of  discontinuation of  diabetes medications. Beta trophin 
has been discovered-a hormone expressed mostly in liver 
and fat that stimulates beta cell proliferation, expands 
beta cell mass and improves glucose tolerance in a mouse 
model[6]. Perhaps an exciting new way to help to reverse 
diabetes in the future?

The July 2012 edition of  the Lancet[7] carried on its 
cover “Physical inactivity: Worldwide”, we estimated that 
physical inactivity causes 6%-10% of  the major non-
communicable diseases. Physical inactivity seems to have 
an effect similar to that of  smoking or obesity. Min Lee et 
al[8] examined how much disease could be averted if  inac-
tivity were eliminated. Diabetes, as expected, is one of  the 
major diseases the authors looked at. They concluded that 
not only did physical inactivity account for 6%-10% of  
the major non communicable diseases but this unhealthy 
behaviour causes 9% of  premature mortality. There is 
good evidence to demonstrate that overweight or obese 
children who become obese as adults are at increased risk 
of  diabetes whereas overweight or obese children who be-
came non-obese by adulthood are not[9]. More importantly 
many studies have shown that educational interventions in 
physical activity have actually been successful and indeed 
more successful than interventions for obesity. Heath et 
al[10] in the same issue of  the Lancet, examined interven-
tions from around the world and demonstrate that the 
literature is convincing in demonstrating that behavioural 
and social approaches are effective. The improvements are 
seen among people of  various ages and from different so-
cial groups, countries and communities. The authors make 
the point that although individuals need to be informed 
and motivated to adopt physical activity, the public health 
priority should be to ensure that environments are safe 
and supportive of  health and wellbeing. 

Since we know so much about the risk of  developing 
diabetes, it should be possible to have treatment to pre-
vent diabetes in many patients. The diabetes prevention 
program outcome study[11] has been recently published. 
This ongoing study demonstrated a clear reduction in 
diabetes incidence in participants randomly assigned to 
a lifestyle intervention or metformin during the inter-
vention period. The authors end by stating that their 
data “support early and aggressive measures for long 
term prevention of  diabetes in people at risk”. Inten-
sive lifestyle intervention has been shown to slow the 
decline in mobility in overweight adults with diabetes[12]. 
A disappointing result has recently come from the Look 
AHEAD study[13]. The study was designed to test the 
hypothesis that an intensive life style intervention for 
weight loss would decrease cardiovascular morbidity and 
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mortality in over weight patients with type 2 diabetes. 
More than 5000 patients took part in the study and the 
median follow-up of  the study was for 9.5 years, weight 
loss was modest in the intervention group (6% vs 3.5% at 
the end of  the study). Alas there was no reduction in the 
rate of  cardiovascular events. The study results are per-
haps not surprising in that significant weight reduction is 
unachievable in most patients but does suggest that we as 
physicians should accept that most patients are unable to 
loose weight and should not be made to feel guilty about 
this. On the other hand to continue to engage the patient 
in meticulous control of  blood pressure, lipids and blood 
sugar, together with cessation of  cigarette smoking, a 
healthy diet and exercise, are of  proven benefit.

Casazza et al[14] have written an excellent article enti-
tled “myths, presumptions and facts about obesity”. The 
definition of  a presumption was a belief  in the absence 
of  supporting scientific evidence; a Myth was defined as 
a belief  persisting despite contradictory evidence. Facts 
were suppositions backed by sufficient evidence to con-
sider them proven for practical purposes. The authors 
note that sometimes action is taken by policy makers in 
the absence of  strong scientific evidence “This principle 
of  action should not be mistaken as justification for 
drawing conclusions”. The myths examined were: (1) that 
small sustained changes in energy intake or expenditure 
will produce large long term weight changes; (2) Setting 
realistic goals for weight loss is important otherwise pa-
tients will become frustrated and loose less weight; (3) 
Large rapid weight loss is associated with poor long term 
weight outcomes as compared with slow gradual weight 
loss; (4) It is important to assess the stage of  diet readi-
ness in order to help patients who request weight loss 
treatment; (5) Physical education courses in their present 
form play a part in reducing childhood obesity; (6) Breast 
feeding is protective against obesity; and (7) A bout of  
sexual activity burns 100-300 cal for each participant. 

A stepwise approach to the management of  diabetes 
has become a fashionable concept in recent years with 
many published paradigms of  the steps which are vari-
able and often contradictory or display so many different 
stairways that they become very confusing. The first step 
depends on getting the patient at the very beginning of  
their path, that is in the pre-diabetes stage but even then 
they may have already suffered from macrovascular and 
microvascular damage[15-18]. There is little dissention in 
advising the lifestyle changes but, should metformin also 
be used or should one wait and see the effect first of  the 
lifestyle changes? Information on this point is available, 
for example in the trial by Snehalatha et al[19] 2009. There 
seemed to be no advantage to add metformin to life 
style changes so perhaps metformin should be reserved 
for those patients who are unable to adhere to life style 
changes? 

Once diabetes has been diagnosed can one wait and 
see the result of  life style changes or should one aggres-
sively control blood sugar? High glucose is toxic to the 
beta cell. Exciting new information suggests that the 

beta cell may dedifferentiate under high glucose attack by 
causing reduction in a key transcription factor, Fox 01. 
This dedifferentiation results in the production of  inac-
tive proinsulin and an increase in glucagon[20]. Intensive 
insulin therapy at diagnosis of  type 2 diabetes has been 
shown to reverse diabetes. Weng et al[21] studied 382 pa-
tients and had divided them into 3 groups. Continuous 
insulin infusion, multiple injections or oral agents were 
used to achieve rapid normalisation of  hyperglycaemia. 
Treatment was stopped after normoglycemia was main-
tained for two weeks. After a year 51% and 44% of  the 
insulin treated patients were in remission where as only 
26% of  the patients in the oral agent group had gone 
into remission. The evidence to support early and aggres-
sive treatment for type 2 diabetes has not been widely 
accepted. The reasons are probably due to a shortage of  
personnel to manage patients. In my country there is a 
long waiting list to be seen in a diabetic clinic and general 
practitioners are usually unhappy about starting insulin. 
The better understanding of  the beta cell pathology of  
diabetes should persuade physicians to adopt a more 
urgent approach to diabetes management in the future. 
A systematic review and meta-analysis on short term 
intensive insulin therapy in type 2 diabetes gives further 
support for the ability of  this treatment to modify disease 
progression[22]. 

BARIATRIC SURGERY
Bariatric surgery for obese type 2 diabetes has been re-
fined over the last few years. Laparoscopic surgery has 
made operation on morbidly obese patients who have 
diabetes, and indeed those who do not have diabetes, 
much safer and very often will reverse the diabetes. The 
operation has been shown to reduce cardiovascular risk. 
As with all operations the experience of  the surgeon and 
indeed the surgical unit plays a very important part in 
outcome. A Cochrane review[23] in 2009 concluded that 
bariatric surgery is more effective than conventional treat-
ment in achieving and in sustaining weight loss in people 
with obesity. Improvements in health related quality of  
life and obesity related co morbidities including type 2 
diabetes, dyslipidaemia and sleep apnoea are further ben-
efits. A very good review of  the subject has recently been 
written by Dixon et al[24]. 

Mingrone et al[25] in 2012 published a single centre 
non-blinded randomised controlled trial to examine the 
difference in outcome between surgery as compared 
to usual medical therapy. Surgery was either gastric by-
pass or bilio-pancreatic diversion. At the end of  2 years 
HbA1c was 6.35% in the gastric bypass group and 4.95% 
in the bilio-pancreatic-diversion group as compared to 
7.69% in the medically treated group. Diabetes remission 
had occurred in 75% of  the gastric bypass group and 
95% in the bilio-pancreatic diversion group. No patient 
in the medical group had reversed their diabetes. There 
were no deaths and almost no complications in the surgi-
cal group[25].
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groups in HbA1c. Overall hypoglycaemia was a little less 
in the insulin degludec group and nocturnal hypoglycae-
mia was also a little lower (1.4 vs 1.8 episodes per patient-
year exposure). The authors conclude that the newer 
basal insulins with lower hypoglycaemia events may allow 
more intensive blood sugar lowering treatment. From the 
results presented in their paper, insulin degludec does not 
seem to be the answer. An editorial by Tahrani et al[33] in 
the same edition, ends by saying that insulin degludec is 
not a revolution but an evolution of  insulin therapy for 
patients with both type 1 and type 2 diabetes. 

SODIUM GLUCOSE CO-TRANSPORT-2 
INHIBITORS
Glycosuria occurs when the blood glucose reaches a 
threshold of  about 10 mmol/L. However some people 
will excrete glucose at much lower levels of  blood glu-
cose (renal glycosuria). The discovery that glucose is 
transported across the proximal tubule membrane by 
sodium/glucose co-transport 2 (SGLT2) and that a 
naturally occurring polymorphism of  the gene causes 
renal glycosuria, paved the way for the development of  
SGLT2 receptor inhibitors as a way of  promoting renal 
glucose excretion and therefore calorie loss and reduc-
tion of  blood sugar. Two drugs have undergone clinical 
trials dapaglifozin and canaglifozin and have been the 
subject of  a meta analysis by Clar et al[34]. The drugs both 
result in blood glucose reduction of  about 0.5%-1% with 
some weight loss. Urinary and genital infections were 
more common. Hypoglycaemia did not occur any more 
frequently that placebo. The results of  the Cantata-SU 
trial have recently been published[35]. The trial was a 52 
wk study in type 2 diabetes with patients who were inad-
equately controlled with metformin. Canagliflozin was 
compared to Glimepiride. 1452 patients were randomised 
in a phase 3 non-inferiority, double blind, randomised 
trial. Three hundred mg of  Canagliflozin reduced HbA1c 
from a mean of  7.8% to 6.9% (mmol/L) a reduction of  
0.9%. Hypoglycaemia was less common on Canagliflozin 
and there was a 4 kg reduction in weight with a small 
reduction in blood pressure. There was a 0.25 increase in 
LDL cholesterol but also a slight, 0.1% increase in HDL 
cholesterol and a very slight reduction in triglycerides also 
of  0.1%. Genital mycotic infections occurred in 8% in 
men and 14% in women on the 300 mg dose. The study 
suggests that the benefit of  the drug is a useful reduction 
in HbA1c and weight reduction. The blood pressure re-
duction is also of  benefit but the rise in LDL might be a 
worry and the mycotic genital infections and urinary tract 
infections might make the drug unacceptable to many 
patients who may have presented with these problems 
when first diagnosed. An editorial in the Lancet where 
the results were published is entitled “SGLT2 inhibitors 
for diabetes: turning symptoms into therapy” and makes 
the point that the place of  this class of  drugs in the treat-
ment of  type diabetes is still to be decided[36]. There has 
been concern about breast and bladder cancer as well 

In the same edition of  the journal Schauer et al[26] 

evaluated the efficacy of  intensive medical therapy as 
compared to medical therapy plus Roux en Y gastric by-
pass or sleeve gastrectomy in 150 obese patients with un-
controlled type 2 diabetes. The primary end point was the 
proportion of  patients with a glycated haemoglobin level 
of  6.0% or less, 12 mo after treatment. Twelve percent of  
the medical group, 42% in the gastric bypass group and 
37% in the sleeve gastrectomy group achieved the pri-
mary end point. HbA1c was 7.5% in the medical group 
6.4% in the gastric bypass group and 6.6% in the sleeve 
gastrectomy group. No deaths or life threatening com-
plications occurred[26]. An editorial in the same edition by 
Zimmet et al[27] suggests that the bariatric surgery should 
not be seen as a last resort. More recently Arterburn et 
al[28] did a retrospective analysis to compare rates of  dia-
betes remission, relapse and all cause mortality amongst 
severely obese adults with diabetes who underwent 
bariatric surgery vs non-surgical treated individuals. At 2 
years the surgery subjects had significantly higher diabe-
tes remission rates 73.7% compared to non surgical sub-
jects with 6.9%. The surgical subjects also experienced 
lower relapse rates with no higher risk of  death[28]. 

NEW INSULINS FOR TREATMENT OF 
TYPE 2 DIABETES
Many different regimes have been proposed and indeed 
are in use for the treatment of  type 2 diabetes when life 
style and metformin have failed to control hyperglycae-
mia. A three year efficacy of  complex insulins in type 
2 diabetes demonstrated that the addition of  a basal or 
prandial insulin based regimen to oral therapy had better 
diabetic control than those who added a biphasic insulin 
regimen[29]. My own feeling is that, as so many patients 
with type 2 diabetes don’t increase their blood sugars 
overnight, attention should be paid to controlling the 
post evening meal rise in blood sugar so that the patient 
goes to bed with a normal blood sugar, long acting in-
sulins being reserved for those patients in whom blood 
sugars rise overnight. To me it doesn’t make sense to give 
a basal dose of  a long acting insulin pre bed with the risk 
of  overnight hypoglycaemia to a patient whose blood 
sugar has not been shown to rise overnight. Insulin de-
gludec is almost identical to human insulin but with the 
last amino acid deleted from the B chain and addition 
of  a glutamyl link from LysB29 to a hexadecanoic fatty 
acid[30]. Two phase 3 studies were reported recently[31,32]. 
In the first study type 1 diabetic patients (472 subjects) 
were subjected to insulin degludec and 157 to glargine 
insulin[31]. Although there was no difference in HbA1c 
at the end of  the study and no difference in overall, 
confirmed hypoglycaemia; overnight hypoglycaemia was 
25% less in the insulin degludec and of  course noctur-
nal hypoglycaemia is what many patients fear most. The 
second study Garber et al[32] reported the effect of  the 
new insulin in type 2 diabetic patients vs insulin glargine. 
Again after 1 year there was no difference between the 2 
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as long-term cardiovascular adverse effects also making 
surveillance mandatory. Another recently published study 
comparing canagliflozin with placebo and sitagliptin pro-
duced similar results[37]. A randomised, blinded, prospec-
tive Phase 111 study on dapagliflozin as monotherapy in 
drug naive Asian patients with type 2 diabetes found that 
with the 10 mg dose HbA1c had fallen from a mean of  
8.26% to 7.15% as compared to a fall of  only 0.29% for 
placebo(a difference of  0.82%) Genital infections oc-
curred in 4.5% of  patients and Urinary tract infections in 
5.3%[38].

The role of  these drugs in the treatment of  type 2 di-
abetes is not clear at present but the lack of  risk of  hypo-
glycaemia and the weight reduction suggest that there is 
a place for them in certain patients who are inadequately 
controlled and in whom an extra 0.5% or more reduction 
in blood sugar would be of  benefit in bringing the patient 
into the acceptable blood sugar range.

METFORMIN
The reason for metformin as first line pharmacological 
treatment is based on many studies suggesting that met-
formin is weight neutral or associated with very modest 
weight loss as compared with sulphonylureas which cause 
slight weight gain initially. Also, in experimental condi-
tions reperfusion after myocardial infarction is reduced 
by sulphonylureas. As long ago as 1971 the University 
Group Diabetes Program[39] showed that tolbutamide, 
a first generation sulphonylurea, was associated with an 
increased cardiovascular risk in diabetes. The UKPDS 
trial[40] suggested that metformin has a protective effect 
on mortality. Roumie et al[41] examined the comparative 
effectiveness of  sulphonylurea and metformin mono-
therapy on cardiovascular events in type 2 diabetes mel-
litius. This was a very large retrospective cohort study 
examining cardiovascular outcomes. The crude rates of  
composite outcome were 18.2 per 1000 person years in 
the sulphonylurea users and 10.4 per 1000 person years 
in the metformin group. A wonderful editorial in the 
same edition of  the Annals of  Internal Medicine by Nis-
sen[42] entitled “Cardiovascular effects of  Diabetes Drugs; 
Emerging from the dark ages”, likens the dark ages after 
the fall of  the Roman Empire to the time between the 
University Group Diabetes Program in 1972[39] which 
showed that treatment for diabetes with phenformin or 
tolbutamide was associated with increased cardiovascu-
lar risk, and 2012. The article explains why there is still 
uncertainty about the effect of  sulphonylureas and car-
diovascular events. Nissen[42] suggests that the study is 
hypothesis generating rather than definitive and that high 
quality evidence is still missing “Continued darkness is 
not an acceptable option” he concludes.

INCRETINS
It has been known for many years that intravenous 
glucose will not stimulate insulin secretion to the same 

extent as a similar glucose load given orally. It was dis-
covered that hormones secreted from the intestine in re-
sponse to a glucose load had the ability to release glucose 
from the pancreas. These hormones were called incretins 
and they are responsible for at least 50% of  insulin se-
cretion following a meal. In 1971 a peptide was isolated 
from the intestine which had the ability to inhibit gastric 
acid secretion and was therefore called gastric inhibitory 
polypeptide (GIP)[43]. GIP was later found to stimulate 
insulin secretion. What was very interesting was that GIP 
would only stimulate insulin secretion in the presence of  
high blood sugar. This finding has implications in treat-
ment terms since drug that only works with high blood 
sugar would be much less likely to cause hypoglycaemia. 
Patients, their families and of  course doctors and other 
health care professionals all fear hypoglycaemia. Garber[44] 
refers to the many hospital visits caused by hypoglycae-
mia and suggests that minimisation of  hypoglycaemia 
should be a goal for treatment of  type 2 diabetes. I would 
certainly agree. In a survey insulin accounted for 13.9% 
of  overall admissions to hospital from adverse drug reac-
tions and oral anti-diabetic drugs 10.7%[45]. 

Another incretin was discovered in 1985 and called 
glucagon-like peptide-1 (GLP-1)[46]. This hormone was 
also dependent on high blood sugar level for full action. 
Both GIP and GLP-1 act by binding to specific recep-
tors and so release insulin. GLP-1 has another action, 
it inhibits gastric emptying and this has been of  benefit 
in the treatment of  diabetic patients because the feeling 
of  satiety leads to weight reduction. Another beneficial 
effect of  the reduction in rate of  gastric emptying is to 
delay absorption of  food, a mechanism which improves 
blood sugar excursion. GLP-1 also regulates appetite and 
food intake through its effect the hypothalamus. A recent 
review of  the effects of  GLP1 on appetite and body 
weight with a focus on the central nervous system has 
been published[47]. 

GLP-1 agonists have been shown to stimulate B cell 
growth in animals and cell cultures. In humans it is less 
clear if  these drugs can improve insulin output by regen-
erating the B cell. It seems less likely that the dipeptidyl 
peptidase (DPP)-4 inhibitors could also have an effect on 
B-cell re-growth. However an abstract presented at the 
Annual American Diabetes Association meeting in 2010 
suggested that linagliptin was able to restore beta cell 
function in human isolated islets[48]. Vildagliptin has also 
been shown to improve beta cell function and glucose 
tolerance but also to improve the extensive peri-insulitis 
found in the mouse model examined[49]. 

A very interesting effect of  GLP-1 analogue therapy 
has been described in obese type 2 diabetic patients. The 
investigators found a reduction in inflammatory mac-
rophages and a reduction in inflammatory cytokines to-
gether with an increase in the adipokine adiponectin. The 
researchers had previously described a case of  psoriasis 
that was greatly improved by GLP-1 agonist therapy[50]. 
The new study does suggest an important beneficial ef-
fect of  GLP-1 analogue therapy that needs further inves-
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tigation[51]. A good review on the extrahepatic effects of  
GLP-1 receptor Agonists has just been published[52]. 

DEVELOPMENT OF GLP-1 FOR THE 
TREATMENT OF DIABETES
Exenatide is a GLP-1 receptor agonist. It is a 39 amino 
acid peptide produced in the saliva glands of  the Gila 
monster lizard[53] it has 53% amino acid homology to 
full length GLP-1 and it binds with greater affinity than 
GLP-1 to the GLP-I receptor in GLP-1 receptor express-
ing cells[54]. DPP-4 cleaves peptides and is responsible for 
the rapid breakdown of  GLP-1. DPP-4 does not denature 
exenatide because of  the slight amino acid differences and 
in human studies the half  life ranges from 3.3 to 4 h[55]. 
Exenatide (Eli Lilly) is now in clinical use in many coun-
tries for the treatment of  diabetes. It must be given an 
hour before meals on a twice a day basis. Many trials have 
reported that the drugs cause about a 1% reduction in 
HbA1c and reduction in body weight of  5.3 kg at the end 
of  3 years of  treatment[56]. The dropout rate is about 20%, 
many patients refusing treatment because of  nausea.

EXENITIDE
Attempts have been made to prolong the action of  exena-
tide using a polylactide glycolide microsphere suspension 
so that the drug can be given weekly. Kim et al[57], in a ran-
domised placebo-controlled phase 2 study examined the 
effect of  exenatide long acting release, a long acting re-
lease exenatide formulation, found that a weekly dose for 
15 wk in patients with type Ⅱ diabetes resulted in a 1.4% 
reduction in HbA1c, suggesting that once a week formu-
lation may be as good as, if  not better than, twice daily in-
jections of  exenatide. In particular there were no dropouts 
in the trial due to adverse events. Liraglutide is a long act-
ing GLP-1 analogue with attachment of  a C-16 free fatty 
acid derivative. The free fatty acid derivative promotes 
non-covalent binding of  liraglutide to albumen thereby 
increasing plasma half  life. A recent study comparing li-
raglutide once a day with exenatide twice a day found that 
liraglutide improved HbA1c significantly more (-1.12% viz 
-0.79%) and was generally better tolerated[58]. The study 
has demonstrated that glycaemic improvement and weight 
reduction are independent of  each other. This fits in with 
other studies which suggest that the weight loss is not, in 
itself, the cause of  the improved blood sugar control[59].

In a recent paper Derosa et al[60] examined the effect 
of  exenatide on beta cell function. The authors used the 
homeostasis model assessment beta cell function index 
as well as assessing pro-insulin and insulin with arginine 
stimulation under clamp conditions. The results sug-
gested that beta cell function was improved by exenatide. 
However a caveat, HbA1c was significantly better after 
the 12 mo of  exenatide as compared to placebo. It is 
well known that hyperglycaemia is toxic to the beta cell 
hence the improved glucose might have been responsible 
for the beta cell improvement rather than the drug itself. 

Bunck et al[61] showed similar results compared to glargine. 
In their study combined glucose and arginine stimulated 
C peptide secretion was 2.46 fold greater after 52 wk of  
exenatide treatment compared with insulin glargine treat-
ment with a non significant (P = 0.55) 0.8% reduction in 
HbA1c as compared to a -0.7% reduction in the glargine 
group. Four weeks after cessation, the beta cell function 
returned to pre treatment levels.

Exenatide, was compared to glimepiride in patients 
who were not controlled on metformin alone[62]. About 
1000 patients were divided into 2 groups and studied on 
average for 2 years although some went on for 42 mo. At 
the end of  3 mo both groups had decreased HbA1c from 
around 7.4% to 6.8% but by 36 mo the glimperamide 
group had gone back to a HbA1c of  more than 7.3% 
whereas the exenatide group, although increasing their 
HbA1c slowly over the 3 years, was significantly lower at 
a level of  just over 7.2%. Body weight fell in the exena-
tide group by 3.32 kg and rose in the glimperamide group 
by 1.15 kg. Systolic blood pressure (BP) decreased in the 
exenatide group by 1.9 mmHg with no change in the 
Glimpereride group. Less patients in the exenatide group 
experienced a hypoglycaemic episode. In the first 6 mo 
49 patients in the exenatide group discontinued mostly 
due to gastrointestinal side effects as compared to 17 in 
the glimepiride group (P = 0.001) Buse et al[63] examined 
whether twice daily exenatide injections reduced HbA1c 
levels more than placebo in patients receiving Glargine 
insulin. HbA1c decreased by 1.74% in the exenatide 
group as compared to 1.04% in the placebo group over a 
30 wk period. Hypoglycaemia was similar in the 2 groups 
and 13 treatment patients and 1 placebo recipient discon-
tinued the study because of  adverse events, nausea and 
vomiting being the main problems. 

LIRAGLUTIDE 
At the beginning of  2012 the FDA approved the market-
ing of  extended release exenatide (Bydurion). The drug is 
given weekly by injection. Liraglutide is a human GLP-1 
analog given by once daily injection with a good safety 
record and HbA1 lowering effect similar to the other 
GLP-1 agonists. A 2-year report on safety, tolerability and 
sustained weight loss over 5.2 years with once daily liraglu-
tide has been published[64]. Two hundred and sixty eight 
of  398 people who entered the extension of  the original 
20 wk trial completed 2 years. Weight loss was 7.8 kg 
from screening and was maintained. There were improve-
ments in BP and lipids. Patients with diabetes however 
were excluded from taking part in this trial. The Duration 
Trial 6[65] reported on a study comparing daily liraglutide 
to weekly extended release exenatide. This was a 26 wk 
trial with more than 400 patients in either arm. Liraglutide 
was associated with a greater change in HbA1c (-0.48% 
viz 1.28%). Nausea was more common in the liraglutide 
group (21% viz 9%) and also vomiting (11% viz 4%) 5% 
of  patients allocated to liraglutide discontinued the treat-
ment as compared to 3% allocated to exenatide because 
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of  adverse events. The results suggest that the patient 
might be allowed to choose whether to have a drug which 
is injected daily but with no diluting procedure before the 
injection or a weekly injection with less blood sugar lower-
ing effect but less side effects. Non-alcoholic steatosis has 
become a problem in type 2 diabetes. The LEAN study is 
currently examining whether liraglutide will improve non-
alcoholic steatohepatitis outcome[66].

LIXISENATIDE 
Lixinitide is another potent, selective, once daily GLP-1 
agonist. A randomised placebo controlled double blind 
trial examined lixisentide daily injection in Asian patients 
with type 2 diabetes insufficiently controlled on basal 
insulin with or without sulphonylureas[67]. This was a 24 
wk study. These patients were not obese body Mass In-
dex 25.3 kg/m2. Eighty-two percent of  patients reached 
and stayed on the maintenance dose of  lixisenatide (20 
μg once a day). There was a significant reduction in 
HbA1c compared to controls. The difference at the end 
of  the trial was 0.88%. There was no significant change 
in weight compared to controls. The incidence of  serious 
side effects were similar in both groups. Two patients in 
the lixisenatide group experienced cerebrovascular infarc-
tion. Forty-two percent of  study drug patients experi-
enced hypoglycaemia as compared to 24% on placebo. 
Fonseca et al[68] examined efficacy and safety of  once 
daily lixisenatide at different doses. HbA1c was reduced 
by 0.66% compared to placebo. Postprandial and fasting 
blood sugars were significantly lower in the treatment 
group. In a study by Kapitza et al[69] lixisenatide once daily 
was compared to liraglutide once daily in patients with 
type 2 diabetes insufficiently controlled on metformin. 
This was only a 28 d study but the results showed that 
liraglutide controlled fasting blood glucose better than 
lixisenatide but postprandial blood sugar was better con-
trolled by lixisenatide. A review discussing the place of  
this GLP-1 agonist as an add on therapy to basal insulin 
has recently been published[70].

TASPOGLUTIDE
Ipsen Roche had another GLP-1 analogue under review 
called taspoglutide. This is a GLP-1 analogue which has 
a prolonged action and is in phase Ⅱ trials. The drug 
has been shown to improve diabetes control and lowers 
body weight in subjects with diabetes. In a study involving 
once a week injections in 306 type 2 diabetic subjects who 
were already on Metformin, 8 wk treatment was associ-
ated with a reduction in HbA1c. The highest dose gave 
an HbA1c reduction of  0.9% and a weight reduction of  
1.9 kg as compared to placebo. Nauck et al[71] report on 
a 24 wk study using a 10 mg or a 20 mg dose of  Taspo-
glutide, comparing once a week dosing to daily glargine 
insulin. One thousand and forty-nine patients were ran-
domised into 3 groups. Withdrawal rates were 21% for 
each of  the Taspoglutide groups and 9% for the glargine 

group. HbA1c of  < 53% was achieved in 39.47% and 
32% receiving Taspoglutide 10 mg, 20 mg and HbA1c < 
48 in 18%, 24%, and 14% of  patients or glargine insulin 
respectively. Lower fasting blood sugars were achieved 
by glargine insulin. Serious hypersensitivity reactions oc-
curred in 2 patients on Taspoglutide. However confirmed 
hypoglycaemia was less with the study drug (0.3%, 0.9% 
viz 3.1%) and weight loss was greater on Taspoglutide (-3.3 
and -4.1 kg). Withdrawals due to adverse effects occurred 
in 9%, 13% on Taspoglutide and in 1% on the glargine 
insulin. An addendum to the paper states that Roche 
has now stopped the development of  the drug. Ibsen is 
currently pursuing further investigations. Rosenstock et 
al[72] examined the fate of  Taspoglutide once a week vs 
Exenatide for type 2 diabetes. The doses used were again 
10 mg or 20 mg as compared to twice daily exenatide 10 
μg. Reduction in HbA1c was -1.24 with 10 mg and -1.31 
with the 20 mg as compared to exenatide from a starting 
HbA1c of  8.1%. Withdrawals were higher in the study 
drug patients and the authors conclude that even though 
Taspoglutide caused lower blood sugars the level of  side 
effects was unacceptable.

Albiglutide is a long acting subcutaneous albumen-
based fusion of  GLP-1[73]. In February 2009 Glaxo 
SmithKline (GSK) began phase 3 studies in type Ⅱ 
diabetes. Albiglutide is a GLP-1 mimetic generated by ge-
netic fusion of  a DPP-4-resistant GLP-1 dimer to human 
albumin[74]. The formulation was originally developed 
by Human Genome Sciences (HGS) and named Albu-
gon, GSK having bought the drug in 2004 for all human 
therapeutic and prophylactic applications of  Albiglutide. 
In 1999 Centeon (now Aventis Berring) granted Principia 
(now HGS) world wide rights to its recombinant fusion 
proteins and its related yeast technologies[75].

ANTIBODIES TO GLP-1 AGONISTS
Therapeutic proteins/peptides with structural similarity 
to endogenous proteins/peptides often have unwanted 
immunogenicity. Antibodies to the GLP-1 agonists have 
been described and may inhibit the action of  the agonist. 
The role of  antibody formation to the various agonists 
on the market at present are uncertain. A study by Buse 
et al[76] in 2011 suggested that antibodies to liraglutide did 
not inhibit efficacy however antibodies to exenitide, if  
they were high, was associated with a smaller HbA1c re-
duction. Antialbiglutide antibodies developed in 2.5% of  
patients in an 8 wk trial.

GLP-1 AND THE CARDIOVASCULAR 
SYSTEM
Endothelial dysfunction is a common finding in diabetes 
and an early marker of  atherosclerosis. GLP-1 has been 
shown to improve endothelial dysfunction[77,78]. GLP-1 
exerts a cardio-protective effect against ischaemic dam-
age and heart failure. Diabetes is associated with an in-
creased risk of  atherosclerosis and myocardial infarction. 
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Ischaemic preconditioning is a protective mechanism 
by which the heart may protect itself  from prolonged 
ischaemia. The University Group Diabetes Programme 
report[39], more than 40 years ago, suggested that tolbu-
tamide might increase myocardial infarction and mortal-
ity. Glibenclamide has been shown to affect ischaemic 
preconditioning but trials have not shown beyond doubt 
that it is associated with increased myocardial infarction. 
However drugs that inhibit the K ATP channel opening, 
such as glibenclamide, are related to loss of  ischaemic 
preconditioning[79-81]. GLP-1 receptors are found in the 
heart. Increased glucose uptake by the cardiac myocyte 
is beneficial in protecting the heart from ischaemia 
changes[82]. Studies in situ and ex-vivo suggest a beneficial 
effect on the heart muscle when under ischaemic stress. 
Bao et al[83] examined the effect of  albiglutide in rats after 
myocardial ischaemia reperfusion injury. They measured 
cardiac glucose uptake and cardiac metabolic flux. They 
found enhanced glucose uptake and reduced myocardial 
infarct size and improved cardiac function. It has yet 
to be shown if  this effect also occurs in humans and if  
myocardial infarct size and mortality will be reduced by 
GLP-1 agonists. DPP-4 inhibitors have been less well 
studied in cardiac ischaemic preconditioning. In a study 
by Rahmi et al[84] rapaglinide, a sulphonylurea like drug, 
inhibited ischaemic preconditioning as measured by 
stress testing in patients with type 2 diabetes who already 
had evidence of  coronary atherosclerosis. Vildagliptin, 
a DPP-4 inhibitor, did not alter preconditioning in 72% 
of  patients whereas 83% of  the repaglinide patients had 
ischaemia earlier in their stress test.

GLP-1 AND THE PANCREAS 
Pancreatitis has been described in patients using GLP-1 
agonists. A report in 2010 stated that 8 cases during 
clinical development and 36 post marketing reports are 
available[85]. A recent report[86] examined a large United 
States health insurance claims database and could find 
no increased risk of  acute pancreatitis using twice daily 
exenatide. However there were several limitations to the 
study and it was a pity that other GLP-1 agonists were 
not investigated at the same time but the study was fund-
ed by Amylin and Eli Lilly. Stimulation of  GLP-1 recep-
tors that are found in the exocrine pancreas might lead to 
overgrowth of  the epithelial cells in the small ducts caus-
ing pancreatitis through obstruction. A worry has been 
raised that GLP-1 agonists may induce metaplasia and 
premalignant changes[87,88]. 

GLP1 AND THE THYROID
The thyroid contains GLP1 receptors and Gier et al[89] 
also found coincident immunoreactivity for calcitonin and 
GLP-1 receptors in both medullary thyroid carcinoma 
and C cell hyperplasia. C cell carcinoma of  the thyroid 
has been seen in animals dosed with GLP-1 agonists and 
can be explained by the finding of  GLP-1 receptors in 
the thyroid[89]. GLP-1 receptor immuno-reactivity was also 

found in 18% of  papillary thyroid carcinoma. The authors 
speculate on the consequences of  long term stimulation 
of  these GLP-1 receptors. They suggest that prospective 
studies need to be done to exclude an increase in papillary 
and medullary carcinoma in the thyroid.

DPP-4 INHIBITORS
These drugs act by inhibiting the enzyme that breaks 
down GLP-1, thus increasing the level of  GLP-1 in the 
blood stream. They are however not able to raise the 
GLP-1 levels to levels found after injection of  GLP-1 
agonists and therefore their hypoglycaemic efficacy is 
less than that of  GLP-1 agonists. Sitagliptin, vildagliptin, 
saxagliptin and linagliptin have already been approved in 
the United States and in Europe. An excellent systematic 
review and meta-analysis has been published in the British 
Medical Journal in 2012[90]. Compared with metformin, 
DPP-4 inhibitors were associated with a smaller decline in 
HbA1c and a lower chance of  attaining a HbA1c goal of  
less than 7%. As a second line treatment DPP-4 inhibi-
tors achieved a smaller decline in HbA1c than the other 
hypoglycaemic drugs. There was however, no significant 
difference in attaining an HbA1c of  less than 7% when 
compared to sulphonylureas. They were less effective 
in lowering body weight when compared to metformin. 
When added to metformin they had a favourable weight 
profile compared to metformin and sulphonylureas or 
pioglitazone but not when compared to GLP-1 agonists. 
Hypoglycaemia was less common when a DPP-4 inhibitor 
was added to metformin as compared to a sulphonylurea 
added to metformin. There is evidence to suggest that the 
DPP-4 inhibitors are more effective in lowering glucose 
in Asians than non Asians[91]. A one year follow up of  
DPP-4 inhibitors vs sulfonylureas on top of  metformin 
has been published recently[92]. Patients with prior metfor-
min therapy received a dual combination of  metformin 
with either DPP-4 inhibitor or sulfonylureas. There was 
no significant difference in either body weight or HbA1c. 
Hypoglycaemia was significantly less in the patients tak-
ing DPP-4 inhibitors. These patients had significantly less 
transitory cerebral ischaemic attacks whereas other cardio-
vascular events were of  borderline significance. 

There are 6 DPP-4 inhibitors (e.g., Sitigliptin, Lina-
gliptin, Vildagliptin, Alogliptin, Saxagliptin, Teneligliptin) 
on the market minor variation in their chemical com-
position have not been translated to particular benefit 
although it should be noted that linagliptin is mostly ex-
creted in pathways other than the kidney and hence dos-
age does not have to be reduced in moderate renal failure. 

Vildagliptin, a DPP-4 inhibitor which increases cir-
culating GLP-1 levels, has been shown to ameliorate the 
deposition of  amyloid beta and tau phosphorylation in 
a streptozotosin induced animal model of  diabetes[93]. A 
study by Omar et al[94] using a high fat diet induced obesi-
ty model in mice of  advanced age has demonstrated that 
Vildagliptin confirms other rodent models of  diabetes in 
preserving beta cell mass mainly through inducing beta 
cell proliferation and reducing beta cell apoptosis[94-96]. 
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Omar et al[94] found that Vildagliptin improved glucose 
secretion in response to oral glucose. Beta cell area was 
not significantly altered by Vildagliptin treatment in these 
mice but peri insulitis was prevented by Vildagliptin. Si-
tagliptin has also been shown to protect against amyloid 
associated beta cell loss but its effect was not different to 
that of  Metformin[97]. 

The binding modes of  these drugs has recently been 
investigated[98]. Based on their binding sites the authors 
divided the drugs into 3 categorise, Vildagliptin and 
Saxagliptin, Alogliptin and Linagliptin, Sitagliptin and 
teneligliptin. It is not clear whether these different bind-
ing modes have clinical relevance but may help in the 
development of  better inhibitors in the future. Unlike 
GLP-1 agonists the DPP-4 inhibitors do not pass the 
blood brain barrier and have no effect on satiety, nor 
do they effect gastric emptying. Although the differ-
ent DPP-4 inhibitors have some differences including 
potency, half  lives and metabolism there does not seem 
to be any meaningful difference in their ability to lower 
blood sugar and this is probably why there are virtually 
no head to head studies (one head to head study showed 
no difference between saxagliptin and sitagliptin when 
combined with metformin[99]. A good review of  the dif-
ferences has been written by Capuano et al[100]. Most of  
the DPP-4 inhibitors can be administered once daily but 
Vildagliptin needs to be given twice daily. Saxagliptin is 
mainly metabolised by CYP3A4/5 isoforms to a major 
active metabolite 5-saxahydroxygliptin. It is suggested 
that the dosage of  saxagliptin be modified if  co admin-
istration with CYP3A4/5 inducers such as rifampicin or 
inhibitors such as ketoconazole.

SITAGLIPTIN
Insulin glargine vs sitagliptin another DPP-4 inhibitor was 
studied by Aschner et al[101]. About 250 patients in each 
group were studied for more than 6 mo. At the start pa-
tients were already on metformin which was continued 
during the study. HbA1c was significantly lower in the 
glargine group. There were more hypoglycaemic episodes 
and slight weight gain in the glargine group where as 
there was slight weight loss in the Sitagliptin group. A 
recent study compared the effect of  sitagliptin or glib-
enclamide in addition to metformin and pioglitazone on 
glycaemic control and beta cell function[102]. Body weight 
reached was lower with sitagliptin. Fasting plasma insulin 
and homeostasis model assessment of  insulin resistance 
with glibenclamide were significantly increased with glib-
enclamide and decreased with sitagliptin. Sitagliptin did 
not change the homeostasis model assessment of  beta 
cell function but the value was significantly increased 
by glibenclamide. Both glibenclamide and sitagliptin in-
creased C-peptide.

VILDAGLIPTIN 
A 24 wk study in elderly patients was recently publis-
hed[103]. The study investigated the feasibility of  setting 

and achieving individualised targets over 24 wk for el-
derly patients (over 70 years of  age with type 2 diabetes). 
The patients who were treated with vildagliptin achieved 
a 0.6% reduction in HbA1c from a baseline of  7.9% as 
compared with placebo. There were no tolerability issues 
as compared to placebo, hypoglycaemic events were 2.2% 
in the vildagliptin arm and 0.7% in the placebo arm. In-
dividualising goal HbA1c is thought to be appropriate 
particularly in the frail elderly[104]. The benefit of  reducing 
HbA1c by less than 1% in this age group is uncertain. 
There seems no doubt that in the frail elderly hypoglycae-
mia is a very serious threat to health[105,106]. Macrovascular 
disease/events seem to respond better to blood pressure 
and lipid interventions than to blood sugar lowering at 
least in the short term[107] but microvascular damage and 
retinopathy prevention, particularly in patients who al-
ready have significant damage, should make the Physician 
consider carefully the probable benefit of  tighter blood 
sugar control. Under these circumstances one might not 
choose a DPP-4 inhibitor since they work better in the 
higher blood sugar range and are less likely to result in 
the achievement of  a HbA1c of  6.5% (48 mmol/L). The 
efficacy and safety of  vildagliptin in patients with type 2 
diabetes inadequately controlled on Metformin and sul-
phonylurea suggests that a mean HbA1c of  8.75% can 
be improved by about 0.75% as compared to placebo[108]. 
It is such a pity that the GLP-1 agonists work best at 
high HbA1c levels and are less effective in reduction of  
HbA1c as the HbA1c gets near to target. However in this 
trial 25% more patients reached a target of  7% as com-
pared to controls(38.6% viz 13.9%).

SAXAGLIPTIN
The 4-year safety of  saxagliptin has recently been pub-
lished[109]. No new safety issue findings appeared during 
the 4 years of  treatment alone or with metformin and hy-
poglycaemia did not increase the risk of  hypoglycaemia. 
The cardiovascular safety of  diabetic drugs continues to 
raise concern[109]. Saxagliptin was examined by Scirica et 
al[110]. They randomised 16492 patients with type 2 diabe-
tes who had a history of  or who were at risk for cardio-
vascular events, to receive Saxagliptin or placebo and fol-
lowed them for a median of  2.1 years. The HbA1c at the 
beginning of  the study was 8.0% and at the end of  the 
study the HbA1c in the Saxagliptin arm had decreased to 
7.5% and the placebo arm to 7.8%. A surprising finding 
was that more patients in the Saxagliptin group were hos-
pitalised for heart failure but otherwise the cardiovascular 
end point results were similar between the two groups. 
Hospitalisation for hypoglycaemia occurred infrequently 
and was similar in the two groups but significantly more 
patients in the saxagliptin group reported at least one 
hypoglycaemic event. Thus this 2-year study gives little 
support for the use of  saxagliptin in these patients. 

LINAGLIPTIN
Linagliptin is a once a day oral DPP-4 inhibitor. It is an 
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orally active small molecule which was licensed in United 
States in 2011. It is mostly excreted in the faeces and 
there are no clinically relevant alterations in linagliptin 
pharmokinetics resulting from renal or liver impair-
ment[111]. A recent study has confirmed that renal impair-
ment has no clinically relevant effect on the long term 
exposure of  linagliptin in patients with type 2 diabetes[112]. 

A 2-year efficacy and safety study of  linagliptin com-
pared to glimepiride in patients inadequately controlled 
on metformin was reported recently[113]. More than 1400 
patients were divided into two groups. HbA1c at the 
end of  the study was similar in the two groups but there 
was less hypoglycaemia and there were significantly less 
cardiovascular events (1 vs 2). Hypoglycaemia is not usu-
ally a problem in the treatment of  type 2 diabetes but 
recently has been suggested to be a therapeutic concern. 
The efficacy and safety of  Linagliptin in subjects with 
type 2 diabetes was analysed by Del Prato et al[114]. Pooled 
analysis of  data from 2258 subjects in 324 wk phase 3 
studies. Oral linagliptin or placebo as monotherapy added 
on to metformin or added on to metformin plus a sul-
phonylurea were the treatments investigated. Although 
linagliptin was effective the patients had a mean HbA1c 
of  9.0% and the level of  HbA1c only dropped to 8.3% 
still unacceptably high for many patients. DPP-4 inhibi-
tors unfortunately work less well the lower the starting 
HbA1c[102]. A study of  linagliptin in patients aged over 70 
years found that HbA1c was lowered by 0.64% from 7.8% 
to 7.2% with a safety profile similar to placebo. Whether 
long term studies in this age group will show benefit in 
measurable outcome is speculative at this time.
 
ALOGLIPTIN
Alogliptin seems to have much the same characteristics 
as the other DPP-4 inhibitors on the market, A useful 
review has recently been published[115]. Another large 
study specifically looking at cardiovascular disease in 
type 2 diabetic patients has been reported[116]. More than 
5000 patients who had type 2 diabetes and either an 
acute myocardial infarction or unstable angina requiring 
hospitalisation within the previous 15 to 90 d received 
allogliptin or placebo in addition to existing antidiabetic 
and cardiovascular drug treatment. HbA1c at the start of  
the trial was 8.0% and at the end of  the study had come 
down to 7.7% as compared to 7.97% in the placebo 
group. Hypoglycaemia was similar in the two groups. 
Again this large study makes one question the value of  
the addition of  the DPP-4 inhibitor which was associ-
ated with such a modest drop in HbA1c.

TENELIGLIPTIN
Teneligliptin is another DPP-4 inhibitor which has been 
recently reviewed[117]. 

DPP-4 INHIBITORS AND THE HEART
GLP-1 receptors, which are found in the heart increase 

glucose uptake by the cardiac myocyte is beneficial in pro-
tecting the heart from ischaemia changes[118]. Matsubara 
et al[119] examined 44 patients with coronary artery disease 
and uncontrolled diabetes (HbA1c > 7.4%). Sitagliptin 
or aggressive conventional treatment was compared after 
6 mo. Endothelial function was significantly improved in 
the sitagliptin group with no difference in fasting blood 
sugar at the end of  the trial but a reduction in HbA1c of  
0.6% in each group. C-reactive protein (CRP) reduced 
significantly in the sitagliptin group with a significant cor-
relation between the CRP and the vascular reactivity but 
not with HbA1c. 

DPP-4 INHIBITORS AND THE PANCREAS
Butler et al[120] examined the pancreata of  7 individuals 
treated with sitagliptin and 1 with exenatide compared 
with 12 individuals with type 2 diabetes treated with other 
agents, and 14 non-diabetics. There was an increase in the 
number of  pre-malignant lesions and marked alpha cell 
hyperplasia with glucagon expressing micro adenomas 
and a glucagon expressing neuroendocrine tumour in one 
of  the eight. Because the number of  diabetics who were 
not on treatment with DPP-4 based therapy were so few 
the evidence is insufficient for alarm but the evidence for 
caution and vigilance in the next number of  years is clear 
and persuasive.

Sero negative polyarthropathy has been recorded 
with the use of  DPP-4 inhibitors. Three patients were 
described by Crickx et al[121] and one case by Ambrosio et 
al[122]. The acute arthritis is not perhaps surprising since 
DPP-4, also named CD 26 is expressed on many cells in-
volved in the immune process.

CONCLUSION
New treatments for diabetes are coming on line but 
prevention and treatment of  obesity through increased 
exercise and reduced calorie intake still seems the best 
option in most patients with type 2 diabetes. Those with 
insulin deficiency have new options which are exciting as 
they demonstrate new approaches to treatment but their 
glucose lowering effects are modest and mostly most ef-
fective when blood sugars are high thus of  less use when 
blood sugars are near to, but not at, target in spite of  a 
combination treatment.

REFERENCES
1 Polonsky KS. The past 200 years in diabetes. N Engl J Med 

2012; 367: 1332-1340 [PMID: 23034021 DOI: 10.1056/NEJM-
ra1110560]

2 Lim EL, Hollingsworth KG, Aribisala BS, Chen MJ, Mathers 
JC, Taylor R. Reversal of type 2 diabetes: normalisation of 
beta cell function in association with decreased pancreas and 
liver triacylglycerol. Diabetologia 2011; 54: 2506-2514 [PMID: 
21656330]

3 Yki-Järvinen H. Type 2 diabetes: remission in just a week. 
Diabetologia 2011; 54: 2477-2479 [PMID: 21826485 DOI: 
10.1007/s00125-011-2266-6]

645 October 15, 2014|Volume 5|Issue 5|WJD|www.wjgnet.com

Tomkin GH. New treatments for type 2 diabetes



4 Gaede P, Vedel P, Larsen N, Jensen GV, Parving HH, Ped-
ersen O. Multifactorial intervention and cardiovascular dis-
ease in patients with type 2 diabetes. N Engl J Med 2003; 348: 
383-393 [PMID: 12556541]

5 Wei FY, Suzuki T, Watanabe S, Kimura S, Kaitsuka T, 
Fujimura A, Matsui H, Atta M, Michiue H, Fontecave M, 
Yamagata K, Suzuki T, Tomizawa K. Deficit of tRNA(Lys) 
modification by Cdkal1 causes the development of type 2 
diabetes in mice. J Clin Invest 2011; 121: 3598-3608 [PMID: 
21841312 DOI: 10.1172/JCI58056]

6 Yi P, Park JS, Melton DA. Betatrophin: a hormone that con-
trols pancreatic β cell proliferation. Cell 2013; 153: 747-758 
[PMID: 23623304 DOI: 10.1016/j.cell]

7 Kohl HW, Craig CL, Lambert EV, Inoue S, Alkandari JR, 
Leetongin G, Kahlmeier S. The pandemic of physical inactiv-
ity: global action for public health. Lancet 2012; 380: 294-305 
[PMID: 22818941 DOI: 10.1016/S0140-6736(12)60898-8]

8 Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmar-
zyk PT. Effect of physical inactivity on major non-com-
municable diseases worldwide: an analysis of burden of 
disease and life expectancy. Lancet 2012; 380: 219-229 [PMID: 
22818936 DOI: 10.1016/S0140-6736(12)61031-9]

9 Juonala M, Magnussen CG, Berenson GS, Venn A, Burns 
TL, Sabin MA, Srinivasan SR, Daniels SR, Davis PH, Chen W, 
Sun C, Cheung M, Viikari JS, Dwyer T, Raitakari OT. Child-
hood adiposity, adult adiposity, and cardiovascular risk 
factors. N Engl J Med 2011; 365: 1876-1885 [PMID: 22087679 
DOI: 10.1056/NEJMoa1010112]

10 Heath GW, Parra DC, Sarmiento OL, Andersen LB, Owen 
N, Goenka S, Montes F, Brownson RC. Evidence-based inter-
vention in physical activity: lessons from around the world. 
Lancet 2012; 380: 272-281 [PMID: 22818939 DOI: 10.1016/
S0140-6736(12)60816-2]

11 Perreault L, Pan Q, Mather KJ, Watson KE, Hamman RF, 
Kahn SE. Effect of regression from prediabetes to normal 
glucose regulation on long-term reduction in diabetes risk: 
results from the Diabetes Prevention Program Outcomes 
Study. Lancet 2012; 379: 2243-2251 [PMID: 22683134 DOI: 
10.1016/S0140-6736(12)60525-X]

12 Rejeski WJ, Ip EH, Bertoni AG, Bray GA, Evans G, Gregg 
EW, Zhang Q. Lifestyle change and mobility in obese adults 
with type 2 diabetes. N Engl J Med 2012; 366: 1209-1217 
[PMID: 22455415 DOI: 10.1056/NEJMoa1110294]

13 Wing RR, Bolin P, Brancati FL, Bray GA, Clark JM, Coday 
M, Crow RS, Curtis JM, Egan CM, Espeland MA, Evans M, 
Foreyt JP, Ghazarian S, Gregg EW, Harrison B, Hazuda HP, 
Hill JO, Horton ES, Hubbard VS, Jakicic JM, Jeffery RW, 
Johnson KC, Kahn SE, Kitabchi AE, Knowler WC, Lewis 
CE, Maschak-Carey BJ, Montez MG, Murillo A, Nathan 
DM, Patricio J, Peters A, Pi-Sunyer X, Pownall H, Rebous-
sin D, Regensteiner JG, Rickman AD, Ryan DH, Safford M, 
Wadden TA, Wagenknecht LE, West DS, Williamson DF, 
Yanovski SZ. Cardiovascular effects of intensive lifestyle in-
tervention in type 2 diabetes. N Engl J Med 2013; 369: 145-154 
[PMID: 23796131 DOI: 10.1056/NEJM]

14 Casazza K, Fontaine KR, Astrup A, Birch LL, Brown AW, 
Bohan Brown MM, Durant N, Dutton G, Foster EM, Heyms-
field SB, McIver K, Mehta T, Menachemi N, Newby PK, 
Pate R, Rolls BJ, Sen B, Smith DL, Thomas DM, Allison DB. 
Myths, presumptions, and facts about obesity. N Engl J Med 
2013; 368: 446-454 [PMID: 23363498]

15 Diabetes Prevention Program Research Group. The preva-
lence of retinopathy in impaired glucose tolerance and 
recent-onset diabetes in the Diabetes Prevention Program. 
Diabet Med 2007; 24: 137-144 [DOI: 10.1111/j.1464-5491.2007.
02043.x]

16 Cheng YJ, Gregg EW, Geiss LS, Imperatore G, Williams DE, 
Zhang X, Albright AL, Cowie CC, Klein R, Saaddine JB. As-
sociation of A1C and fasting plasma glucose levels with dia-
betic retinopathy prevalence in the U.S. population: Implica-

tions for diabetes diagnostic thresholds. Diabetes Care 2009; 
32: 2027-2032 [DOI: 10.2337/dc09-0440]

17 Ford ES, Zhao G, Li C. Pre-diabetes and the risk for car-
diovascular disease: a systematic review of the evidence. J 
Am Coll Cardiol 2010; 55: 1310-1317 [PMID: 20338491 DOI: 
10.1016/j.jacc.2009.10.060]

18 Ziegler D, Zentai CP, Perz S, Rathmann W, Haastert B, 
Döring A, Meisinger C; KORA Study Group. Prediction of 
mortality using measures of cardiac autonomic dysfunction 
in the diabetic and non-diabetic population: the MONICA/
KORA Augsburg Cohort Study. Diabetes Care 2008; 31: 
556-561 [DOI: 10.2337/dc07-1615]

19 Snehalatha C, Mary S, Selvam S, Sathish Kumar CK, Shetty 
SB, Nanditha A, Ramachandran A. Changes in insulin se-
cretion and insulin sensitivity in relation to the glycemic 
outcomes in subjects with impaired glucose tolerance in the 
Indian Diabetes Prevention Programme-1 (IDPP-1). Diabetes 
Care 2009; 32: 1796-1801 [PMID: 19587369 DOI: 10.2337/
dc09-0676]

20 Dor Y, Glaser B. β-cell dedifferentiation and type 2 diabe-
tes. N Engl J Med 2013; 368: 572-573 [PMID: 23388011 DOI: 
10.1056/NEJMcibr1214034]

21 Weng J, Li Y, Xu W, Shi L, Zhang Q, Zhu D, Hu Y, Zhou 
Z, Yan X, Tian H, Ran X, Luo Z, Xian J, Yan L, Li F, Zeng L, 
Chen Y, Yang L, Yan S, Liu J, Li M, Fu Z, Cheng H. Effect of 
intensive insulin therapy on beta-cell function and glycaemic 
control in patients with newly diagnosed type 2 diabetes: a 
multicentre randomised parallel-group trial. Lancet 2008; 371: 
1753-1760 [PMID: 18502299 DOI: 10.1016/S0140-6736(08)]

22 Kramer CK, Zinman B, Retnakaran R. Short-term intensive 
insulin therapy in type 2 diabetes mellitus: a systematic re-
view and meta-analysis. Lancet Diabetes Endocrinol 2013; 1: 
28-34 [PMID: 24622264 DOI: 10.1016/S2213-8587(13)70006-8]

23 Colquitt JL, Picot J, Loveman E, Clegg AJ. Surgery for obe-
sity. Cochrane Database Syst Rev 2009; (2): CD003641 [PMID: 
19370590 DOI: 10.1002/14651858.CD003641.pub3]

24 Dixon JB, le Roux CW, Rubino F, Zimmet P. Bariatric sur-
gery for type 2 diabetes. Lancet 2012; 379: 2300-2311 [PMID: 
22683132]

25 Mingrone G, Panunzi S, De Gaetano A, Guidone C, Iaconelli 
A, Leccesi L, Nanni G, Pomp A, Castagneto M, Ghirlanda 
G, Rubino F. Bariatric surgery versus conventional medical 
therapy for type 2 diabetes. N Engl J Med 2012; 366: 1577-1585 
[PMID: 22449317]

26 Schauer PR, Kashyap SR, Wolski K, Brethauer SA, Kirwan 
JP, Pothier CE, Thomas S, Abood B, Nissen SE, Bhatt DL. 
Bariatric surgery versus intensive medical therapy in obese 
patients with diabetes. N Engl J Med 2012; 366: 1567-1576 
[PMID: 22449319 DOI: 10.1056/NEJMoa1200225]

27 Zimmet P, Alberti KG. Surgery or medical therapy for 
obese patients with type 2 diabetes? N Engl J Med 2012; 366: 
1635-1636 [PMID: 22449318 DOI: 10.1056/NEJMe1202443]

28 Arterburn D, Bogart A, Coleman KJ, Haneuse S, Selby JV, 
Sherwood NE, Sidney S, Theis MK, Campos GM, McCulloch 
D, O’ Connor PJ. Comparative effectiveness of bariatric 
surgery vs. nonsurgical treatment of type 2 diabetes among 
severely obese adults. Obes Res Clin Pract 2013; 7: e258-e268 
[PMID: 24306153 DOI: 10.1016/j.orcp]

29 Holman RR, Farmer AJ, Davies MJ, Levy JC, Darbyshire 
JL, Keenan JF, Paul SK. Three-year efficacy of complex in-
sulin regimens in type 2 diabetes. N Engl J Med 2009; 361: 
1736-1747 [PMID: 19850703 DOI: 10.1056/NEJMoa0905479]

30 Jonassen I, Havelund S, Hoeg-Jensen T, Steensgaard DB, 
Wahlund PO, Ribel U. Design of the novel protraction 
mechanism of insulin degludec, an ultra-long-acting basal 
insulin. Pharm Res 2012; 29: 2104-2114 [PMID: 22485010 DOI: 
10.1007/s11095-012-0739-z]

31 Heller S, Buse J, Fisher M, Garg S, Marre M, Merker L, Re-
nard E, Russell-Jones D, Philotheou A, Francisco AM, Pei 
H, Bode B. Insulin degludec, an ultra-longacting basal in-

646 October 15, 2014|Volume 5|Issue 5|WJD|www.wjgnet.com

Tomkin GH. New treatments for type 2 diabetes



sulin, versus insulin glargine in basal-bolus treatment with 
mealtime insulin aspart in type 1 diabetes (BEGIN Basal-
Bolus Type 1): a phase 3, randomised, open-label, treat-to-
target non-inferiority trial. Lancet 2012; 379: 1489-1497 [PMID: 
22521071 DOI: 10.1016/S0140-6736(12)60204-9]

32 Garber AJ, King AB, Del Prato S, Sreenan S, Balci MK, 
Muñoz-Torres M, Rosenstock J, Endahl LA, Francisco AM, 
Hollander P. Insulin degludec, an ultra-longacting basal in-
sulin, versus insulin glargine in basal-bolus treatment with 
mealtime insulin aspart in type 2 diabetes (BEGIN Basal-
Bolus Type 2): a phase 3, randomised, open-label, treat-to-
target non-inferiority trial. Lancet 2012; 379: 1498-1507 [PMID: 
22521072 DOI: 10.1016/S0140-6736(12)60205-0]

33 Tahrani AA, Bailey CJ, Barnett AH. Insulin degludec: a new 
ultra-longacting insulin. Lancet 2012; 379: 1465-1467 [PMID: 
22521058 DOI: 10.1016/S0140-6736(12)60527-3]

34 Clar C, Gill JA, Court R, Waugh N. Systematic review of 
SGLT2 receptor inhibitors in dual or triple therapy in type 
2 diabetes. BMJ Open 2012; 2: pii: e001007 [PMID: 23087012 
DOI: 10.1136/bmjopen-2012-001007]

35 Cefalu WT, Leiter LA, Yoon KH, Arias P, Niskanen L, Xie J, 
Balis DA, Canovatchel W, Meininger G. Efficacy and safety 
of canagliflozin versus glimepiride in patients with type 2 
diabetes inadequately controlled with metformin (CANTA-
TA-SU): 52 week results from a randomised, double-blind, 
phase 3 non-inferiority trial. Lancet 2013; 382: 941-950 [PMID: 
23850055 DOI: 10.1016/S0140-6736(13)60683-2]

36 Diamant M, Morsink LM. SGLT2 inhibitors for diabetes: 
turning symptoms into therapy. Lancet 2013; 382: 917-918 
[PMID: 23850056 DOI: 10.1016/S0140-6736(13)60902-2]

37 Lavalle-González FJ, Januszewicz A, Davidson J, Tong C, 
Qiu R, Canovatchel W, Meininger G. Efficacy and safety of 
canagliflozin compared with placebo and sitagliptin in pa-
tients with type 2 diabetes on background metformin mono-
therapy: a randomised trial. Diabetologia 2013; 56: 2582-2592 
[PMID: 24026211]

38 Ji L, Ma J, Li H, Mansfield TA, T’joen CL, Iqbal N, Ptaszynska 
A, List JF. Dapagliflozin as monotherapy in drug-naive Asian 
patients with type 2 diabetes mellitus: a randomized, blind-
ed, prospective phase III study. Clin Ther 2014; 36: 84-100.e9 
[PMID: 24378206 DOI: 10.1016/j.clinthera.2013.11.002]

39 Goldner MG, Knatterud GL, Prout TE. Effects of hypoglyce-
mic agents on vascular complications in patients with adult-
onset diabetes. 3. Clinical implications of UGDP results. 
JAMA 1971; 218: 1400-1410 [PMID: 4941698 DOI: 10.1001/
jama.1971.03190220020005]

40 Effect of intensive blood-glucose control with metformin 
on complications in overweight patients with type 2 diabe-
tes (UKPDS 34). UK Prospective Diabetes Study (UKPDS) 
Group. Lancet 1998; 352: 854-865 [PMID: 9742977 DOI: 
10.1016/S0140-6736(98)07037-8]

41 Roumie CL, Hung AM, Greevy RA, Grijalva CG, Liu X, 
Murff HJ, Elasy TA, Griffin MR. Comparative effectiveness 
of sulfonylurea and metformin monotherapy on cardiovas-
cular events in type 2 diabetes mellitus: a cohort study. Ann 
Intern Med 2012; 157: 601-610 [PMID: 23128859 DOI: 10.7326
/0003-4819-157-9-201211060-00003]

42 Nissen SE. Cardiovascular effects of diabetes drugs: emerg-
ing from the dark ages. Ann Intern Med 2012; 157: 671-672 
[PMID: 23128866]

43 Brown JC, Dryburgh JR. A gastric inhibitory polypeptide. II. 
The complete amino acid sequence. Can J Biochem 1971; 49: 
867-872 [PMID: 5120249 DOI: 10.1139/o71-122]

44 Garber AJ. Hypoglycaemia: a therapeutic concern in type 2 
diabetes. Lancet 2012; 379: 2215-2216 [PMID: 22704156 DOI: 
10.1016/S0140-6736]

45 Budnitz DS, Lovegrove MC, Shehab N, Richards CL. 
Emergency hospitalizations for adverse drug events in 
older Americans. N Engl J Med 2011; 365: 2002-2012 [PMID: 
22111719 DOI: 10.1056/NEJMsa1103053]

46 Schmidt WE, Siegel EG, Creutzfeldt W. Glucagon-like pep-
tide-1 but not glucagon-like peptide-2 stimulates insulin re-
lease from isolated rat pancreatic islets. Diabetologia 1985; 28: 
704-707 [PMID: 3905480 DOI: 10.1007/BF00291980]

47 van Bloemendaal L, Ten Kulve JS, la Fleur SE, Ijzerman RG, 
Diamant M. Effects of glucagon-like peptide 1 on appetite 
and body weight: focus on the CNS. J Endocrinol 2014; 221: 
T1-16 [PMID: 24323912 DOI: 10.1530/JOE-13-0414]

48 Shah P, Ardestani A, Dharmadhikari G, Laue S, Schumann 
DM, Kerr-Conte J, Pattou F, Klein T, Maedler K. The DPP-4 
inhibitor linagliptin restores β-cell function and survival in 
human isolated islets through GLP-1 stabilization. J Clin En-
docrinol Metab 2013; 98: E1163-E1172 [PMID: 23633194]

49 Miyagawa K, Kondo T, Goto R, Matsuyama R, Ono K, Ki-
tano S, Kawasaki S, Igata M, Kawashima J, Matsumura T, 
Motoshima H, Araki E. Effects of combination therapy with 
vildagliptin and valsartan in a mouse model of type 2 diabe-
tes. Cardiovasc Diabetol 2013; 12: 160 [PMID: 24188631 DOI: 
10.1186/1475-2840-12-160]

50 Buysschaert M, Tennstedt D, Preumont V. Improvement of 
psoriasis during exenatide treatment in a patient with dia-
betes. Diabetes Metab 2012; 38: 86-88 [PMID: 22227407 DOI: 
10.1016/j.diabet.2011.11.004]

51 Hogan AE, Gaoatswe G, Lynch L, Corrigan MA, Woods C, O’
Connell J, O’Shea D. Glucagon-like peptide 1 analogue ther-
apy directly modulates innate immune-mediated inflamma-
tion in individuals with type 2 diabetes mellitus. Diabetologia 
2014; 57: 781-784 [DOI: 10.1007/s00125-013-3145-0]

52 Seufert J, Gallwitz B. The extra-pancreatic effects of GLP-1 
receptor agonists: a focus on the cardiovascular, gastrointes-
tinal and central nervous systems. Diabetes Obes Metab 2014; 
16: 673-688 [PMID: 24373150 DOI: 10.1111/dom.12251]

53 Eng J, Kleinman WA, Singh L, Singh G, Raufman JP. Isola-
tion and characterization of exendin-4, an exendin-3 ana-
logue, from Heloderma suspectum venom. Further evidence 
for an exendin receptor on dispersed acini from guinea pig 
pancreas. J Biol Chem 1992; 267: 7402-7405 [PMID: 1313797]

54 Göke R, Fehmann HC, Linn T, Schmidt H, Krause M, Eng J, 
Göke B. Exendin-4 is a high potency agonist and truncated 
exendin-(9-39)-amide an antagonist at the glucagon-like pep-
tide 1-(7-36)-amide receptor of insulin-secreting beta-cells. J 
Biol Chem 1993; 268: 19650-19655 [PMID: 8396143]

55 Kolterman OG, Kim DD, Shen L, Ruggles JA, Nielsen LL, 
Fineman MS, Baron AD. Pharmacokinetics, pharmacody-
namics, and safety of exenatide in patients with type 2 diabe-
tes mellitus. Am J Health Syst Pharm 2005; 62: 173-181 [PMID: 
15700891]

56 Klonoff DC, Buse JB, Nielsen LL, Guan X, Bowlus CL, 
Holcombe JH, Wintle ME, Maggs DG. Exenatide effects on 
diabetes, obesity, cardiovascular risk factors and hepatic bio-
markers in patients with type 2 diabetes treated for at least 3 
years. Curr Med Res Opin 2008; 24: 275-286 [PMID: 18053320]

57 Kim D, MacConell L, Zhuang D, Kothare PA, Trautmann 
M, Fineman M, Taylor K. Effects of once-weekly dosing of 
a long-acting release formulation of exenatide on glucose 
control and body weight in subjects with type 2 diabetes. 
Diabetes Care 2007; 30: 1487-1493 [PMID: 17353504 DOI: 
10.2337/dc06-2375]

58 Buse JB, Rosenstock J, Sesti G, Schmidt WE, Montanya E, 
Brett JH, Zychma M, Blonde L. Liraglutide once a day ver-
sus exenatide twice a day for type 2 diabetes: a 26-week 
randomised, parallel-group, multinational, open-label trial 
(LEAD-6). Lancet 2009; 374: 39-47 [PMID: 19515413]

59 Fadini GP, Simioni N, Frison V, Dal Pos M, Bettio M, Roc-
chini P, Avogaro A. Independent glucose and weight-reduc-
ing effects of Liraglutide in a real-world population of type 
2 diabetic outpatients. Acta Diabetol 2013; 50: 943-949 [PMID: 
23754673 DOI: 10.1007/s00592-013-0489-3]

60 Derosa G, Franzetti IG, Querci F, Carbone A, Ciccarelli L, 
Piccinni MN, Fogari E, Maffioli P. Exenatide plus metformin 

647 October 15, 2014|Volume 5|Issue 5|WJD|www.wjgnet.com

Tomkin GH. New treatments for type 2 diabetes



compared with metformin alone on β-cell function in pa-
tients with Type 2 diabetes. Diabet Med 2012; 29: 1515-1523 
[PMID: 22540883 DOI: 10.1111/j.14645491.2012.03699.x]

61 Bunck MC, Diamant M, Cornér A, Eliasson B, Malloy JL, 
Shaginian RM, Deng W, Kendall DM, Taskinen MR, Smith U, 
Yki-Järvinen H, Heine RJ. One-year treatment with exenatide 
improves beta-cell function, compared with insulin glargine, 
in metformin-treated type 2 diabetic patients: a random-
ized, controlled trial. Diabetes Care 2009; 32: 762-768 [PMID: 
19196887 DOI: 10.2337/dc08-1797]

62 Gallwitz B, Guzman J, Dotta F, Guerci B, Simó R, Basson BR, 
Festa A, Kiljański J, Sapin H, Trautmann M, Schernthaner G. 
Exenatide twice daily versus glimepiride for prevention of 
glycaemic deterioration in patients with type 2 diabetes with 
metformin failure (EUREXA): an open-label, randomised 
controlled trial. Lancet 2012; 379: 2270-2278 [PMID: 22683137 
DOI: 10.1016/S0140-6736(12)60479-6]

63 Buse JB, Bergenstal RM, Glass LC, Heilmann CR, Lewis MS, 
Kwan AY, Hoogwerf BJ, Rosenstock J. Use of twice-daily 
exenatide in Basal insulin-treated patients with type 2 diabe-
tes: a randomized, controlled trial. Ann Intern Med 2011; 154: 
103-112 [PMID: 21138825 DOI: 10.7326/0003-4819-154-2-2011
01180-00300]

64 Grimm M, Han J, Weaver C, Griffin P, Schulteis CT, Dong H, 
Malloy J. Efficacy, safety, and tolerability of exenatide once 
weekly in patients with type 2 diabetes mellitus: an integrat-
ed analysis of the DURATION trials. Postgrad Med 2013; 125: 
47-57 [PMID: 23748506 DOI: 10.3810/pgm.2013.05.2660]

65 Astrup A, Carraro R, Finer N, Harper A, Kunesova M, Lean 
ME, Niskanen L, Rasmussen MF, Rissanen A, Rössner S, 
Savolainen MJ, Van Gaal L. Safety, tolerability and sustained 
weight loss over 2 years with the once-daily human GLP-1 
analog, liraglutide. Int J Obes (Lond) 2012; 36: 843-854 [PMID: 
21844879 DOI: 10.1038/ijo.2011.158]

66 Armstrong MJ, Barton D, Gaunt P, Hull D, Guo K, Stocken D, 
Gough SC, Tomlinson JW, Brown RM, Hübscher SG, New-
some PN. Liraglutide efficacy and action in non-alcoholic 
steatohepatitis (LEAN): study protocol for a phase II mul-
ticentre, double-blinded, randomised, controlled trial. BMJ 
Open 2013; 3: e003995 [PMID: 24189085 DOI: 10.1136/bmjo-
pen-2013-003995]

67 Seino Y, Min KW, Niemoeller E, Takami A; EFC10887 GET-
GOAL- L Asia Study Investigators. Randomized, double-
blind, placebo-controlled trial of the once-daily GLP-1 recep-
tor agonist lixisenatide in Asian patients with type 2 diabetes 
insufficiently controlled on basal insulin with or without a 
sulfonylurea (GetGoal-L-Asia). Diabetes Obes Metab 2012; 14: 
910-917 [DOI: 10.1111/j.1463-1326.2012.01618.x]

68 Fonseca VA, Alvarado-Ruiz R, Raccah D, Boka G, Miossec 
P, Gerich JE; EFC6018 GetGoal-Mono Study Investigators 
Efficacy and safety of the once-daily GLP-1 receptor agonist 
lixisenatide in monotherapy: a randomized, double-blind, 
placebo-controlled trial in patients with type 2 diabetes (Get-
Goal-Mono). Diabetes Care 2012; 35: 1225-1231 [DOI: 10.2337/
dc11-1935]

69 Kapitza C, Forst T, Coester HV, Poitiers F, Ruus P, Hincelin-
Méry A. Pharmacodynamic characteristics of lixisenatide 
once daily versus liraglutide once daily in patients with type 
2 diabetes insufficiently controlled on metformin. Diabetes 
Obes Metab 2013; 15: 642-649 [PMID: 23368510 DOI: 10.1111/
dom.12076]

70 Brown DX, Butler EL, Evans M. Lixisenatide as add-on ther-
apy to basal insulin. Drug Des Devel Ther 2013; 8: 25-38 [PMID: 
24363554 DOI: 10.2147/DDDT.S45108]

71 Nauck M, Horton E, Andjelkovic M, Ampudia-Blasco FJ, Pa-
rusel CT, Boldrin M, Balena R. Taspoglutide, a once-weekly 
glucagon-like peptide 1 analogue, vs insulin glargine titrated 
to target in patients with Type 2 diabetes: an open-label ran-
domized trial. Diabet Med 2013; 30: 109-113 [PMID: 22937895]

72 Rosenstock J, Balas B, Charbonnel B, Bolli GB, Boldrin M, 

Ratner R, Balena R. The fate of taspoglutide, a weekly GLP-1 
receptor agonist, versus twice-daily exenatide for type 2 
diabetes: the T-emerge 2 trial. Diabetes Care 2013; 36: 498-504 
[PMID: 23139373 DOI: 10.2337/dc12-0709]

73 Dennis MS, Zhang M, Meng YG, Kadkhodayan M, Kirch-
hofer D, Combs D, Damico LA. Albumin binding as a gen-
eral strategy for improving the pharmacokinetics of proteins. 
J Biol Chem 2002; 277: 35035-35043 [PMID: 12119302]

74 Baggio LL, Huang Q, Brown TJ, Drucker DJ. A recombinant 
human glucagon-like peptide (GLP)-1-albumin protein (al-
bugon) mimics peptidergic activation of GLP-1 receptor-de-
pendent pathways coupled with satiety, gastrointestinal mo-
tility, and glucose homeostasis. Diabetes 2004; 53: 2492-2500 
[PMID: 15331566]

75 Tomkin GH. Albiglutide, an albumin-based fusion of gluca-
gon-like peptide 1 for the potential treatment of type 2 dia-
betes. Curr Opin Mol Ther 2009; 11: 579-588 [PMID: 19806507]

76 Buse JB, Garber A, Rosenstock J, Schmidt WE, Brett JH, 
Videbæk N, Holst J, Nauck M. Liraglutide treatment is as-
sociated with a low frequency and magnitude of antibody 
formation with no apparent impact on glycemic response or 
increased frequency of adverse events: results from the Li-
raglutide Effect and Action in Diabetes (LEAD) trials. J Clin 
Endocrinol Metab 2011; 96: 1695-1702 [PMID: 21450987]

77 Madsbad S, Kielgast U, Asmar M, Deacon CF, Torekov SS, 
Holst JJ. An overview of once-weekly glucagon-like pep-
tide-1 receptor agonists--available efficacy and safety data 
and perspectives for the future. Diabetes Obes Metab 2011; 13: 
394-407 [PMID: 21208359 DOI: 10.1111/j.1463-1326.2011.0135
7.x]

78 Nyström T, Gutniak MK, Zhang Q, Zhang F, Holst JJ, Ahrén 
B, Sjöholm A. Effects of glucagon-like peptide-1 on endo-
thelial function in type 2 diabetes patients with stable coro-
nary artery disease. Am J Physiol Endocrinol Metab 2004; 287: 
E1209-E1215 [PMID: 15353407]

79 Cleveland JC, Meldrum DR, Cain BS, Banerjee A, Harken 
AH. Oral sulfonylurea hypoglycemic agents prevent isch-
emic preconditioning in human myocardium. Two para-
doxes revisited. Circulation 1997; 96: 29-32 [PMID: 9236412]

80 Tomai F, Danesi A, Ghini AS, Crea F, Perino M, Gaspardone 
A, Ruggeri G, Chiariello L, Gioffrè PA. Effects of K(ATP) 
channel blockade by glibenclamide on the warm-up phe-
nomenon. Eur Heart J 1999; 20: 196-202 [PMID: 10082152]

81 Ovünç K. Effects of glibenclamide, a K(ATP) channel block-
er, on warm-up phenomenon in type II diabetic patients 
with chronic stable angina pectoris. Clin Cardiol 2000; 23: 
535-539 [PMID: 10894443]

82 Luptak I, Yan J, Cui L, Jain M, Liao R, Tian R. Long-term ef-
fects of increased glucose entry on mouse hearts during nor-
mal aging and ischemic stress. Circulation 2007; 116: 901-909 
[PMID: 17679614]

83 Bao W, Aravindhan K, Alsaid H, Chendrimada T, Szapacs M, 
Citerone DR, Harpel MR, Willette RN, Lepore JJ, Jucker BM. 
Albiglutide, a long lasting glucagon-like peptide-1 analog, 
protects the rat heart against ischemia/reperfusion injury: 
evidence for improving cardiac metabolic efficiency. PLoS 
One 2011; 6: e23570 [PMID: 21887274 DOI: 10.1371/journal.
pone.0023570]

84 Rahmi RM, Uchida AH, Rezende PC, Lima EG, Garzillo CL, 
Favarato D, Strunz CM, Takiuti M, Girardi P, Hueb W, Kalil 
Filho R, Ramires JA. Effect of hypoglycemic agents on isch-
emic preconditioning in patients with type 2 diabetes and 
symptomatic coronary artery disease. Diabetes Care 2013; 36: 
1654-1659 [PMID: 23250803]

85 Anderson SL, Trujillo JM. Association of pancreatitis with 
glucagon-like peptide-1 agonist use. Ann Pharmacother 2010; 
44: 904-909 [PMID: 20371755 DOI: 10.1345/aph.1M676]

86 Wenten M, Gaebler JA, Hussein M, Pelletier EM, Smith DB, 
Girase P, Noel RA, Braun DK, Bloomgren GL. Relative risk 
of acute pancreatitis in initiators of exenatide twice daily 

648 October 15, 2014|Volume 5|Issue 5|WJD|www.wjgnet.com

Tomkin GH. New treatments for type 2 diabetes



compared with other anti-diabetic medication: a follow-up 
study. Diabet Med 2012; 29: 1412-1418 [PMID: 22416857 DOI: 
10.1111/j.1464-5491.2012.03652.x]

87 Gale EA. GLP-1-based therapies and the exocrine pancreas: 
more light, or just more heat? Diabetes 2012; 61: 986-988 
[PMID: 22517653]

88 Gier B, Matveyenko AV, Kirakossian D, Dawson D, Dry SM, 
Butler PC. Chronic GLP-1 receptor activation by exendin-4 
induces expansion of pancreatic duct glands in rats and 
accelerates formation of dysplastic lesions and chronic pan-
creatitis in the Kras(G12D) mouse model. Diabetes 2012; 61: 
1250-1262 [PMID: 22266668 DOI: 10.2337/db11-1109]

89 Gier B, Butler PC, Lai CK, Kirakossian D, DeNicola MM, 
Yeh MW. Glucagon like peptide-1 receptor expression in 
the human thyroid gland. J Clin Endocrinol Metab 2012; 97: 
121-131 [PMID: 22031513]

90 Karagiannis T, Paschos P, Paletas K, Matthews DR, Tsapas A. 
Dipeptidyl peptidase-4 inhibitors for treatment of type 2 dia-
betes mellitus in the clinical setting: systematic review and 
meta-analysis. BMJ 2012; 344: e1369 [PMID: 22411919 DOI: 
10.1136/bmj.e1369]

91 Kim YG, Hahn S, Oh TJ, Kwak SH, Park KS, Cho YM. Dif-
ferences in the glucose-lowering efficacy of dipeptidyl pepti-
dase-4 inhibitors between Asians and non-Asians: a system-
atic review and meta-analysis. Diabetologia 2013; 56: 696-708 
[PMID: 23344728]

92 Gitt AK, Bramlage P, Binz C, Krekler M, Deeg E, Tschöpe D. 
Prognostic implications of DPP-4 inhibitor vs. sulfonylurea 
use on top of metformin in a real world setting - results of 
the 1 year follow-up of the prospective DiaRegis registry. 
Int J Clin Pract 2013; 67: 1005-1014 [PMID: 23981060 DOI: 
10.1111/ijcp.12179]

93 Kosaraju J, Murthy V, Khatwal RB, Dubala A, Chinni S, 
Muthureddy Nataraj SK, Basavan D. Vildagliptin: an anti-
diabetes agent ameliorates cognitive deficits and pathology 
observed in streptozotocin-induced Alzheimer’s disease. J 
Pharm Pharmacol 2013; 65: 1773-1784 [PMID: 24117480 DOI: 
10.1111/jphp.12148]

94 Omar BA, Vikman J, Winzell MS, Voss U, Ekblad E, Foley JE, 
Ahrén B. Enhanced beta cell function and anti-inflammatory 
effect after chronic treatment with the dipeptidyl peptidase-4 
inhibitor vildagliptin in an advanced-aged diet-induced 
obesity mouse model. Diabetologia 2013; 56: 1752-1760 [PMID: 
23636640 DOI: 10.1007/s00125-013-2927-8]

95 Duttaroy A, Voelker F, Merriam K, Zhang X, Ren X, Sub-
ramanian K, Hughes TE, Burkey BF. The DPP-4 inhibitor 
vildagliptin increases pancreatic beta cell mass in neonatal 
rats. Eur J Pharmacol 2011; 650: 703-707 [PMID: 21070766 
DOI: 10.1016/j.ejphar]

96 Takeda Y, Fujita Y, Honjo J, Yanagimachi T, Sakagami H, 
Takiyama Y, Makino Y, Abiko A, Kieffer TJ, Haneda M. 
Reduction of both beta cell death and alpha cell prolifera-
tion by dipeptidyl peptidase-4 inhibition in a streptozotocin-
induced model of diabetes in mice. Diabetologia 2012; 55: 
404-412 [PMID: 22072158 DOI: 10.1007/s00125-011-2365-4]

97 Aston-Mourney K, Subramanian SL, Zraika S, Samarasekera 
T, Meier DT, Goldstein LC, Hull RL. One year of sitagliptin 
treatment protects against islet amyloid-associated β-cell 
loss and does not induce pancreatitis or pancreatic neoplasia 
in mice. Am J Physiol Endocrinol Metab 2013; 305: E475-E484 
[PMID: 23736544 DOI: 10.1152/ajpendo]

98 Nabeno M, Akahoshi F, Kishida H, Miyaguchi I, Tanaka 
Y, Ishii S, Kadowaki T. A comparative study of the binding 
modes of recently launched dipeptidyl peptidase IV inhibi-
tors in the active site. Biochem Biophys Res Commun 2013; 434: 
191-196 [PMID: 23501107]

99 Scheen AJ, Charpentier G, Ostgren CJ, Hellqvist A, Gause-
Nilsson I. Efficacy and safety of saxagliptin in combination 
with metformin compared with sitagliptin in combination 
with metformin in adult patients with type 2 diabetes melli-

tus. Diabetes Metab Res Rev 2010; 26: 540-549 [PMID: 20824678 
DOI: 10.1002/dmrr.1114]

100 Capuano A, Sportiello L, Maiorino MI, Rossi F, Giugliano D, 
Esposito K. Dipeptidyl peptidase-4 inhibitors in type 2 dia-
betes therapy--focus on alogliptin. Drug Des Devel Ther 2013; 
7: 989-1001 [PMID: 24068868 DOI: 10.2147/DDDT.S37647]

101 Aschner P, Chan J, Owens DR, Picard S, Wang E, Dain MP, 
Pilorget V, Echtay A, Fonseca V. Insulin glargine versus 
sitagliptin in insulin-naive patients with type 2 diabetes mel-
litus uncontrolled on metformin (EASIE): a multicentre, ran-
domised open-label trial. Lancet 2012; 379: 2262-2269 [PMID: 
22683131 DOI: 10.1016/S0140-6736(12)60439-5]

102 Barnett AH, Huisman H, Jones R, von Eynatten M, Patel S, 
Woerle HJ. Linagliptin for patients aged 70 years or older 
with type 2 diabetes inadequately controlled with com-
mon antidiabetes treatments: a randomised, double-blind, 
placebo-controlled trial. Lancet 2013; 382: 1413-1423 [PMID: 
23948125 DOI: 10.1016/S0140-6736(13)61500-7]

103 Strain WD, Lukashevich V, Kothny W, Hoellinger MJ, 
Paldánius PM. Individualised treatment targets for elderly 
patients with type 2 diabetes using vildagliptin add-on or 
lone therapy (INTERVAL): a 24 week, randomised, double-
blind, placebo-controlled study. Lancet 2013; 382: 409-416 
[PMID: 23706759 DOI: 10.1016/S0140-6736(13)60995-2]

104 Sinclair A, Morley J. Frailty and diabetes. Lancet 2013; 382: 
1386-1387 [PMID: 23948126 DOI: 10.1016/S0140-6736(13)616
76-1]

105 Morley JE, Sinclair A. Individualising treatment for older 
people with diabetes. Lancet 2013; 382: 378-380 [PMID: 
23706758 DOI: 10.1016/S0140-6736(13)61055-7]

106 Sinclair A, Morley JE, Rodriguez-Mañas L, Paolisso G, 
Bayer T, Zeyfang A, Bourdel-Marchasson I, Vischer U, Woo 
J, Chapman I, Dunning T, Meneilly G, Rodriguez-Saldana 
J, Gutierrez Robledo LM, Cukierman-Yaffe T, Gadsby R, 
Schernthaner G, Lorig K. Diabetes mellitus in older people: 
position statement on behalf of the International Association 
of Gerontology and Geriatrics (IAGG), the European Dia-
betes Working Party for Older People (EDWPOP), and the 
International Task Force of Experts in Diabetes. J Am Med 
Dir Assoc 2012; 13: 497-502 [PMID: 22748719 DOI: 10.1016/
j.jamda.2012.04.012]

107 Lukashevich V, Prato SD, Araga M, Kothny W. Efficacy 
and safety of vildagliptin in patients with type 2 diabetes 
mellitus inadequately controlled with dual combination of 
metformin and sulphonylurea. Diabetes Obes Metab 2014; 16: 
403-409 [PMID: 24199686]

108 Rosenstock J, Gross JL, Aguilar-Salinas C, Hissa M, Berglind 
N, Ravichandran S, Fleming D. Long-term 4-year safety of 
saxagliptin in drug-naive and metformin-treated patients 
with Type 2 diabetes. Diabet Med 2013; 30: 1472-1476 [PMID: 
23802840 DOI: 10.1111/dme.12267]

109 Hiatt WR, Kaul S, Smith RJ. The cardiovascular safety of 
diabetes drugs--insights from the rosiglitazone experience. 
N Engl J Med 2013; 369: 1285-1287 [PMID: 23992603 DOI: 
10.1056/NEJMp1309610]

110 Scirica BM, Bhatt DL, Braunwald E, Steg PG, Davidson J, 
Hirshberg B, Ohman P, Frederich R, Wiviott SD, Hoffman 
EB, Cavender MA, Udell JA, Desai NR, Mosenzon O, Mc-
Guire DK, Ray KK, Leiter LA, Raz I. Saxagliptin and cardio-
vascular outcomes in patients with type 2 diabetes mellitus. 
N Engl J Med 2013; 369: 1317-1326 [PMID: 23992601 DOI: 
10.1056/NEJMoa1307684]

111 Graefe-Mody U, Retlich S, Friedrich C. Clinical pharmacoki-
netics and pharmacodynamics of linagliptin. Clin Pharmaco-
kinet 2012; 51: 411-427 [PMID: 22568694 DOI: 10.2165/116309
00-000000000-00000]

112 Friedrich C, Emser A, Woerle HJ, Graefe-Mody U. Renal 
impairment has no clinically relevant effect on the long-
term exposure of linagliptin in patients with type 2 diabetes. 
Am J Ther 2013; 20: 618-621 [PMID: 23411609 DOI: 10.1097/

649 October 15, 2014|Volume 5|Issue 5|WJD|www.wjgnet.com

Tomkin GH. New treatments for type 2 diabetes



MJT.0b013e31826232dc]
113 Gallwitz B, Rosenstock J, Rauch T, Bhattacharya S, Patel S, 

von Eynatten M, Dugi KA, Woerle HJ. 2-year efficacy and 
safety of linagliptin compared with glimepiride in patients 
with type 2 diabetes inadequately controlled on metfor-
min: a randomised, double-blind, non-inferiority trial. 
Lancet 2012; 380: 475-483 [PMID: 22748821 DOI: 10.1016/
S01406736(12)60691-6]

114 Del Prato S, Taskinen MR, Owens DR, von Eynatten M, 
Emser A, Gong Y, Chiavetta S, Patel S, Woerle HJ. Efficacy 
and safety of linagliptin in subjects with type 2 diabetes 
mellitus and poor glycemic control: pooled analysis of data 
from three placebo-controlled phase III trials. J Diabetes Com-
plications 2013; 27: 274-279 [PMID: 23403068 DOI: 10.1016/
j.jdiacomp.2012.11.008]

115 Ndefo UA, Okoli O, Erowele G. Alogliptin: A new dipep-
tidyl peptidase-4 inhibitor for the management of type 2 
diabetes mellitus. Am J Health Syst Pharm 2014; 71: 103-109 
[PMID: 24375601 DOI: 10.2146/ajhp130131]

116 White WB, Cannon CP, Heller SR, Nissen SE, Bergenstal 
RM, Bakris GL, Perez AT, Fleck PR, Mehta CR, Kupfer S, 
Wilson C, Cushman WC, Zannad F. Alogliptin after acute 
coronary syndrome in patients with type 2 diabetes. N Engl 
J Med 2013; 369: 1327-1335 [PMID: 23992602 DOI: 10.1056/
NEJMoa1305889]

117 Goda M, Kadowaki T. Teneligliptin for the treatment of 
type 2 diabetes. Drugs Today (Barc) 2013; 49: 615-629 [PMID: 

24191255 DOI: 10.1358/dot.2013.49.10.2035882]
118 Younce CW, Burmeister MA, Ayala JE. Exendin-4 attenuates 

high glucose-induced cardiomyocyte apoptosis via inhibi-
tion of endoplasmic reticulum stress and activation of SER-
CA2a. Am J Physiol Cell Physiol 2013; 304: C508-C518 [PMID: 
23302777 DOI: 10.1152/ajpcell]

119 Matsubara J, Sugiyama S, Akiyama E, Iwashita S, Kurokawa 
H, Ohba K, Maeda H, Fujisue K, Yamamoto E, Kaikita K, 
Hokimoto S, Jinnouchi H, Ogawa H. Dipeptidyl peptidase-4 
inhibitor, sitagliptin, improves endothelial dysfunction in as-
sociation with its anti-inflammatory effects in patients with 
coronary artery disease and uncontrolled diabetes. Circ J 
2013; 77: 1337-1344 [PMID: 23386232]

120 Butler AE, Campbell-Thompson M, Gurlo T, Dawson DW, 
Atkinson M, Butler PC. Marked expansion of exocrine and 
endocrine pancreas with incretin therapy in humans with 
increased exocrine pancreas dysplasia and the potential for 
glucagon-producing neuroendocrine tumors. Diabetes 2013; 
62: 2595-2604 [PMID: 23524641 DOI: 10.2337/db12-1686]

121 Crickx E, Marroun I, Veyrie C, Le Beller C, Schoindre Y, 
Bouilloud F, Blétry O, Kahn JE. DPP4 inhibitor-induced 
polyarthritis: a report of three cases. Rheumatol Int 2014; 34: 
291-292 [PMID: 23462883 DOI: 10.1007/s00296-013-2710-7]

122 Ambrosio ML, Monami M, Sati L, Marchionni N, Di Bari M, 
Mannucci E. GLP-1 receptor agonist-induced polyarthritis: a 
case report. Acta Diabetol 2013; Epub ahead of print [PMID: 
24158775 DOI: 10.2337/db12-1686.Epub2013Mar]

P- Reviewer: Apikoglu-Rabus S, Conteduca V, Kumar KVS    
S- Editor: Wen LL    L- Editor: A    E- Editor: Liu SQ

650 October 15, 2014|Volume 5|Issue 5|WJD|www.wjgnet.com

Tomkin GH. New treatments for type 2 diabetes



                                      © 2014 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com


	WJD-5-636
	WJDv5i5-Back Cover

