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Abstract

New treatments for diabetes are always exciting in the beginning but as experience grows their position in
management becomes less certain. This review focuses on DPP4 inhibitors and their place in management of type 2
diabetes. Although hypoglycaemia is rarely an issue, the effectiveness in reduction in blood sugar is greatest at the
higher blood sugar levels, hence much of the value of using DPP4 inhibitors rests in the target HbA1c chosen for the

individual patient.
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Introduction

One should not forget that before the discovery of insulin 90 years
ago diabetes was a rapidly fatal disease and there was little interest in
what we now term type 2 diabetes. Type 2 diabetes makes up 90% of all
diabetes. Insulin resistance rather than insulin deficiency is the major
player in most diabetes and diabetes can be reversed at least in many
patients through weight reduction by diet with or without the help of
bariatric surgery [1,2]. Following the publication of the article by the
Newcastle group, the Finnish diabetologist, Yki Yarvinen wrote in an
editorial” 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” [3].

Stepwise approach to the management of diabetes has become a
fashionable concept in recent years with many published paradigms
of the steps which are variable 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/or microvascular damage [4-7].
There is little dissention in the benefit of advising 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. [8] there seemed to be
no advantage to adding metformin to life style changes so perhaps
metformin should be reserved for those patients who are unable to
adhere to lifestyle changes? Once diabetes has been diagnosed can one
wait and see the result of life style changes or should one aggressively
control blood sugar? High glucose is toxic to the B cell. Exciting new
information suggests that the B cell may de-differentiate under high
glucose attack by causing reduction in a key transcription, factor
Fox 01. This de-differentiation results in the production of inactive
proinsulin and an increase in glucagon [9]. Intensive insulin therapy
at diagnosis of type 2 diabetes has been shown to reverse diabetes [10].
The authors studied 382 patients and had divided them into 3 groups.
Continuous insulin, multiple injections or oral agents were used to
achieve rapid normalisation of hyperglycaemia. Treatment was stopped
after normoglycaemia was maintained for two weeks. After a year 51%
and 44% of the insulin treated patients were in remission whereas only
26% of the patients in the oral agent group had gone into remission.
The evidence to support early and aggressive 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 B cell pathology of diabetes should persuade physicians to adopt a
more urgent approach to diabetes management in the future.

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 discovered that hormones secreted from the
intestine in response to a glucose load had the ability to release insulin
from the pancreas. These hormones were called incretins and they are
responsible for at least 50% of insulin secretion 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) [11]. 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 treatment terms since drugs that only works with high
blood sugar would be much less likely to cause hypoglycaemia.

Another incretin was discovered in 1985 and called glucagon-like
peptide -1 (GLP-1) [12]. This hormone was also dependent on high
blood sugar level for full action. Both GIP and GLP-1 act by binding to
specific receptors 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
delayed absorption of food, a mechanism which improves postprandial
blood sugar excursions. GLP-1 also regulates apatite and food intake
through the hypothalamus. Another interesting action of GLP-1 is the
promotion of insulin biosynthesis as well as B cell proliferation and
survival. Itis not clear whether these effects can be translated to human
studies. GLP-1 also enhances peripheral glucose disposal [13].

Exenatide is a GLP-1 receptor agonist. It is a 39 amino acid peptide
produced in the salivary glands of the Gila monster lizard [14] it has
53% amino acid homology with full length GLP-1 and it binds with
greater affinity than GLP-1 to the GLP-I receptor in GLP-1 receptor
expressing cells [15]. DPP-4 cleaves peptides and is responsible for
the rapid breakdown of GLP-1. DPP-4 does not denature exenatide
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because of the slight amino acid differences and in human studies the
half-life ranges from 3.3 to 4 hours [16].

Animal studies are exciting before the results are tested in humans
but often disappointing after human experiments have failed to
confirm the initial animal studies. Amyloid deposition in the islets has
a detrimental effect on islet survival [17,18]. Studies suggest that GLP1
agonists can reduce plaque formation and toxicity in the brains of
mice with Alzheimer’s disease, a condition of amyloid deposition [19].
Prevention of amyloid deposition in the islets might become important
in the treatment of type 2 diabetes. Park et al. [20] examined the GLP-
1 like analogue exenitide in cultured human islets and found that the
drug enhanced survival and function of cultured human islets and
reduced islet amyloid formation.

DPP-4 inhibitors

DPP-4 cleaves peptides and is responsible for the rapid breakdown
of GLP-1. Inhibitors of DPP-4, which delay the breakdown of GLP-1
and therefore increase GLP-1 in the blood and prolong the action of
GLP1 in the body, are therefore an important addition to the drugs
controlling hyperglycaemia. An excellent review of the role of incretins
in glucose homoeostasis and diabetes treatment, was published in 2008
[21] and for review of the incretins to treat type 2 diabetes in VanGall
etal. [22].

There are 6 DPP-4 inhibitors on the market minor variation in
their chemical composition have not been translated to particular
benefit although it should be noted that Vildagliptin and linagliptin are
mostly excreted in pathways other than the kidney and hence dosage
does not have to be reduced in moderate renal failure.

1. Sitigliptin

2. Linagliptin
3. Vildagliptin
4. Alogliptin

5. Saxagliptin
6. Teneligliptin

Vildagliptin, a DPP4 inhibitor which increases circulating GLP-1
levels, has been shown to ameliorate the deposition of amyloid beta
and tau phosphorylation in a streptozotosin induced animal model
of diabetes [23]. A study by Omar et al. [24] using a high fat diet
induced obesity 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 [24-26]. Omar et al. [24] 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. Sitagliptin
has also been shown to protect against amyloid associated beta cell loss
but its effect was not different to that of Metformin [27].

It can be seen from the above discussion that there is considerable
interest in the incretin system in order to improve diabetic control and
perhaps also to improve beta-cell survival and perhaps to reverse or
stabilise the beta-cell destruction that occurs in diabetes.

The binding modes of these drugs have recently been investigated
[28]. Based on their binding sites the authors divided the drugs
into 3 categorise, Vildagliptin and Saxagliptin, Alogliptin and
Linagliptin, Sitagliptin and Tinegliptin. It is not clear whether these

different binding modes have clinical relevance but may help in the
development of better inhibitors in the future. Unlike GLP1 agonists
the DPP4 inhibitors do not pass the blood brain barrier and have no
effect on satiety, nor do they effect gastric emptying. Although the
different DPP4 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. A good review of the differences has been
written by Capuano et al. [29]. Most of the DPP4 inhibitors can be
administered once daily but Vildagliptin needs to be given twice daily
[30]. 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 administration with CYP3A4/5
inducers such as rafampicin or inhibitors such as ketoconazole.

GPRA40 is a free fatty acid receptor that regulates glucose dependent
insulin secretion. GPR40 has recently been examined and has been
shown to have a synergistic effect with DPP4 inhibitor sitigliptin
in mice. Perhaps an interesting new treatment for the future? [31].
Patients who have not been given the option of insulin but who are not
controlled with lifestyle change and metformin face a variety of choices
for add on treatment. Sulphonylureas traditionally were the next drug
to be offered but are associated with weight gain, all be it very modest
weight gain, hypoglycaemia risk, and eventually B cell failure with
loss of diabetic control. The DPP-4 inhibitors, are becoming the first
choice for the second drug after metformin. They are less likely to cause
hypoglycaemia and are not associated with weight gain. A problem
with them is that the maximum blood sugar lowering effect occurs with
high blood sugars whereas when patients are near the goal of 6.5 or
7 the hypoglycaemic effect becomes less. In elderly and frail patients
it has been suggested that blood sugar control should be individually
tailored and these patients in particular may benefit most since their
blood sugar goals will be rather higher.

A 2 year efficacy and safety study of linagliptin compared to
glimepiride in patients inadequately controlled on metformin was
reported in 2012 [32]. More than 1400 patients divided into two
groups. HbAlc 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 versus 12) Hypoglycaemia is not usually
a problem in the treatment of type 2 diabetes but recently has been
suggested to be a therapeutic concern. Garber [33] refers to the many
hospital visits caused by hypoglycaemia 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 reactions and oral
antidiabetic drugs 10.7% [34].

Linagliptin was added to Basal insulin in a trial of inadequately
controlled Type 2 Diabetic patients over a 52 week period [35]. HbAlc
came down from 8.3% to an average of 7.8%. As in all studies with
DPP4 inhibitors the hypoglycaemic effect was greater in the patients
with the highest starting HbAlc. Thus DPP4 inhibitors are not so
useful in bringing patients to target even though they all are effective
in lowering blood sugar. The comparison in the above trial was with
basal insulin but many patients with type 2 diabetes have no problem
in keeping blood sugars stable overnight without overnight insulin
injections. They need pre meal and in particular pre evening meal
insulin to control pre bed blood sugar the pre-breakfast blood sugar
reflecting pre bed sugar (Unless of course the patient snacks at bed time
which is not so unusual!).
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Insulin glargine versus sitagliptin, another DPP-4 inhibitor was
studied by Aschner et al. [36]. About 250 patients in each group
were studied for more than 6 months. At the start patients were
already on metformin which was continued during the study HbAlc
was significantly lower in the Glargine group. There were more
hypoglycaemic episodes and slight weight gain in the glargine group
whereas there was slight weight loss in the Sitagliptin group.

Vildagliptin: A 24 week study in elderly patients was recently
published [37]. The study investigated the feasibility of setting and
achieving individualised targets over 24 weeks for elderly patients
(over 70 years of age with Type 2 diabetes). The patients who were
treated with vildagliptin achieved a 0.6% reduction in HbAlc 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. Another 24 week study in
patients over 70 using Linagliptin was reported [38]. The patients were
chosen if HbAlc was over 7% (54 mmol/mol) and on sulphonylureas,
metformin or insulin or some or all of these treatments. HbAlc
reduction was 0.6% as compared to placebo. Hypoglycaemia occurred in
24% of the linagliptin group as compared to 16.5% in the placebo group
. These 2 trials are useful in demonstrating that the DPP-4 inhibitors
are safe and able to lower HbAlc by under 1% even if they are less
effective the lower the starting HbAlc is. Individualising goal HbAlc
is thought to be appropriate particularly in the frail elderly the benefit
of reducing HbA1c by less than 1% in this age group is uncertain [39].
There seems no doubt that in the frail elderly hypoglycaemia is a very
serious threat to health [40,41]. Macrovascular disease/events seem to
respond better to blood pressure and lipid interventions than to blood
sugar lowering at least in the short term [42] but microvascular damage
and in particular retinopathy prevention, particularly in patients who
already 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 DPP4 inhibitor since they
work better in the higher blood sugar range and are less likely to result
in the achievement of a HbAlc of 6.5% (48 mmol/l).

The cardiovascular safety of diabetic drugs continues to raise
concern [43]. In animal studies pre-treatment with either Vildigliptin or
sitagliptin reduced ex-vivo myocardial infarction size in hearts perfused
with buffer containing 11 mM glucose but not 5 mM glucose. This
effect was abolished by both a GLP1 antagonist and a PKA antagonist
[44]. Saxagliptin was examined by Scirica et al. [45]. They randomised
16,492 patients with type 2 diabetes who had a history of or who were
at risk for cardiovascular events, to receive Saxagliptin or placebo and
followed them for a median of 2.1 years. The HbAlc at the beginning
of the study was 8.0% and at the end of the study the HbAlc 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 hospitalised 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.

Another large study specifically looking at cardiovascular disease
in type 2 diabetic patients has been reported [46]. More than 5000
patients who had type 2 diabetes and either an acute MI or unstable
angina requiring hospitalisation within the previous 15 to 90 days
received allogliptin or placebo in addition to existing anti-diabetic 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 DPP4 inhibitor which was associated with such a modest drop in
HbAlc.

A 1 year follow up of DPP-4 inhibitors vs. sulfonylureas on top
of metformin has been published recently [47]. Patients with prior
metformin therapy received a dual combination of metformin with
either DPP-4 inhibitor or sulfonylureas. There was no significant
difference in either body weight or HbAlc. Hypoglycaemia was
significantly less in the patients taking DPP4 inhibitors. These patients
had significantly less transitory cerebral ischaemic attacks (TIA)
whereas other cardiovascular events were of borderline significance.
A systematic review and met-analysis of DPP4 inhibitors for the
treatment of type 2 diabetes in a clinical setting was published in 2012
[48]. The conclusion was that DPP4 inhibitors can lower HbAlc in a
similar way to sulphonylureas or pioglitizone with neutral effect on
body weight. Increased cost and uncertainty about their long term
safety should be considered.

GLP-1 and the Heart

Diabetes is associated with an increased risk of atherosclerosis and
myocardial infarction. Endothelial dysfunction is a common finding
in diabetes and is an early marker of atherosclerosis. GLP1 has been
shown to improve endothelial dysfunction [49]. GLP-1 exerts a cardio-
protective effect against ischaemic damage and heart failure. GLP-I
receptors are found in the heart. Increases glucose uptake by the
cardiac myocyte is beneficial in protecting the heart from ischaemia
changes [50].

Studies in situ and ex-vivo suggest a beneficial effect of GLP-1 on
the heart muscle when under ischaemic stress [51-54]. DPP-4 inhibitors
have been less well studied in cardiac ischaemic pre-conditioning. A
study by Rahmi [55] found that 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 DPP4 inhibitor, on the other hand, did
not alter preconditioning in 72% of patients.

Atherosclerosis is an inflammatory condition. Soluble DPP-4
has been demonstrated to increase splenic CD4 positive lymphocyte
migration in vitro, an effect that was abolished by sitagliptin, a finding
that might have implications for the inflammatory atherosclerotic
plaque [56]. GLP-1 may also reduce monocyte adhesion to the vessel
wall [57] but whether DPP4 inhibitor will be effective in reducing
the burden of atherosclerosis has yet to be shown. Sitigliptin and
NVPDPP728 another DPP4 inhibitor have been shown to markedly
reduce foam cell formation. The study showed that the repression
of foam cell formation was through the inhibition of the scavenger
receptors CD36 and Lox 1 most likely through the inhibition of PKC
activity [58]. An excellent review of cardiovascular effects of GLP-
1 and GLP-1 based therapies has been published by Burgmaier et al.
[59]. Sitagliptin has been shown to decrease triglycerides and free fatty
acids and increase HDL cholesterol in patients with Type 2 diabetes
but this was only in a 12 week study [60]. Vildagliptin has been shown
to reduce postprandial intestinal triglyceride particles [61]. Both the
study by Nordestgaard [62] and Zaruba et al. [63] suggested that the
tryglyceride-rich particles are associated with risk of myocardial
infarction. Thus the finding of reduced triglycerides with sitagliptin
may be a reason to hope that the DPP4 inhibitors would protect the
heart, the chemokine SDF-1 is a substrate for DPP-4. The receptor for
SDF-1(CXCR-4) is found on stem cells [61]. Zaruba et al. [63] examined
whether inhibition of DPP4 with sitagliptin might raise SDF1 levels
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and increase the homing of stem cells to the injured myocardium in an
animal model of myocardial infarction. They showed that re-modelling
was induced and heart function and survival improved. There is
now a trial under way in humans to assess the clinical relevance of
these findings (The sitagliptin plus granulocyte stimulating Factor in
patient’s suffering from acute myocardial infarction) [64].

Matsubara et al. examined 44 patients with coronary artery
disease and uncontrolled diabetes (HbAlc >7.4%) [65]. Sitagliptin
or aggressive conventional treatment was compared after 6 months.
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 HbAlc of 0.6% in each group. C-reactive protein
(CRP) reduced significantly in the sitagliptin group with a significant
correlation between the CRP and the vascular reactivity but not with
HbAlc.

In animal experiments it has been shown that DPP4 inhibition
reduces albuminurea and ameliorated diabetic nephropathy
independent of the glucose lowering effect [66,67]. A recent study has
shown that alogliptin seemed better than sitigliptin in reducing urinary
levels of albumin and an oxidative stress marker. This was associated
with an elevated level of stromal cell derived factor 1a (SDF-1a). It will
be interesting to see whether this finding will be translated to renal
protection in long term studies [68].

There has been much discussion about HbAlc targets in recent
years due to the uncertainty of what constitutes a safe blood sugar
level. This is not surprising as a raised blood sugar is not a pathological
disease but rather a marker of a metabolic disorder caused by a failure
of the beta cell to produce enough insulin. Insulin resistance adds
another dimension so that the insulin deficiency may be relative rather
than absolute. The next problem is that, although many studies have
shown beyond doubt that there is a direct correlation between the
blood sugar or HbAlc level and complications of diabetes, both macro
and micro vascular, it has been more difficult to show a lessening of risk
of macrovascular disease with lowering of blood sugar. A final problem
is that with present treatments it is often not possible to lower the blood
sugar in the majority of patients to the normal range or to the various
guide line goals particularly in the younger diabetic patient who needs
to protect their arteries for many more years than the elderly. This is
the reason why it has been suggested that goals of blood sugar reduction
in elderly type 2 diabetic patients should perhaps be less stringent. The
evidence for this is scant but has led to the suggestion that treatment
goals should be individualised. This is of course what all practicing
physicians do in any case as we have to live with the fact that treatment
for blood sugar control is far from perfect and hypoglycaemia and
dietary compliance are problems that usually prevent patients from
getting to target HbAlc. A recent trial was reported in the Lancet
[37] the study set out to investigate whether it was possible to set
and achieve individualised targets for HbAlc over a 24 week period
in patients 70 or more years of age. Usual treatment or the addition
of vildagliptin was the comparison and the results showed that the
addition of vildagliptin lowered the HbAlc by 0.6% as compared to
placebo. The question as to whether this reduction was worthwhile of
course could not be answered by this study. The study did generate an
editorial by Morley and Sinclair [39] in which they discuss the evidence
that frailty in elderly patients may be an important reason to raise goal
posts for glycaemic control. They also discuss whether a gliptin is the
preferred first or second choice of pharmacological agents to lower
blood sugar after diet and exercise. They conclude that the choice of use
of DPP4 inhibitors should be based, in older people with diabetes, on

hypoglycaemia risk and on the presence or absence of mild to moderate
renal failure because of their relative safety and weight neutrality.

DPP-4 Inhibitors and the Pancreas

The potential risks of pancreatitis have been highlighted since the
first report of pancreatitis in a patient on Exenatide, a GLP-1 agonist.
However further report and the suggestion that in any case pancreatitis
is more common in patients with diabetes have made it difficult to be
sure that there is in fact an extra risk with the use of GLPI agonists
or DPP-4 inhibitors [69-71]. GLP 1 receptors are found in the acinar
and duct cells of the pancreas and are stimulated to proliferate by
GLP 1 In 2009 acute haemorragic pancreatitis was described in a rat
model of diabetes by Matveyenko et al. [72]. They also found that
some rats had developed metaplasia, a pre-malignant change. The
duct cell proliferation might occlude the ducts explaining the risk of
pancreatitis. A case control study suggested that the risk was about 2
fold for GLP 1-based therapy resulted in a two fold increase in risk
of acute pancreatitis [73]. It has been suggested there is a balance of
evidence that acute pancreatitis is more common in GLPI- based
therapies, and that animal studies underpin a plausible explanation.
Pancreatic cancer is another worry. The finding in animal studies of
premalignant pancreatic duct cells and the knowledge that GLPI can

stimulate these cells suggests that vigilance will be necessary in
the future. Pancreatic cancer of course is increased in diabetes and
pancreatic cancer may present with diabetes so that it may be difficult
to be sure that there is indeed a risk with GLP-1 based therapies [74].
Butler et al. [75] examined the pancreata of 7 individuals treated with
sitagliptin and 1 with exenetide 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.
The number of diabetics who were not on treatment with DPP4 based
therapy is not sufficient, so the study should not cause alarm but the
evidence for caution and vigilance in the next number of years is clear
and persuasive.

Thyroid Cancer

GLP1 receptors are present on both medullary thyroid cells and
papilliary cells [76]. Liraglutide was found to cause a number of C-cell
tumours in the thyroid of rodents which again raised concerns. C cell
hyperplasiais a potential precursor for medullary thyroid cancer anditis
a worry that GLP1 receptors were more abundant in C-cell hyperplasia.
There seems to be excess of recorded thyroid cancer on both exenitide
and lyraglutide but no similar signal for the DPP4 inhibitors [77].
Sero negative polyarthropathy has been recorded with the use of
DPP4 inhibitors. Three patients were described by Crickx et al. [78]
and one case by Ambrosio et al. [79]. The acute arthritis is not perhaps
surprising since DPP-4, also named CD 26 is expressed on many cells
involved in the immune process. The symptoms appear to rapidly settle
on cessation of the drug. On the positive side a GLP1 receptor agonist
has been shown to alter the innate immune cells and to induce dose
dependent inhibition of the invariant natural killer T cells (iNKT) cells
which have been implicated in the pathogenesis of psoriasis. There is
a report of a clinically significant improvement in psoriasis lesions in
a patient with T2D during treatment with a GLP-1 receptor agonist
in 2012 [80] and of two patients whose psoriases improved on GLP-1
analogue therapy in 2013 [81].

Conclusion

New treatments for diabetes are coming on line but prevention and
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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 with DPP4 inhibitors
which are exciting as they demonstrate new approaches to treatment
but their glucose lowering effects are modest particularly when HbAlc
is near to goal [82].
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