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Abstract

There is a global pandemic of diabetes and the progression of disease and long-term complications impose a major health burden. The older
diabetes treatments improve glycemic control but have minimal effect on disease progression and long-term cardiovascular complications.
Additionally, comorbid hypertension, hyperlipidemia and smoking significantly contribute to morbidity and mortality. Lifestyle changes remain the
cornerstone of management, particularly as a large number of people with diabetes are obese and take little physical activity. Structured education
interventions, dietary advice and exercise programs form the basis of changes that are necessary. Current guidelines for the management of type
2 diabetes suggest a glycated hemoglobin (HbA;.) treatment goal of 6.5-7.0% (48-53mmol/mol). The first-line pharmacological treatment is
metformin. Second-line treatment strategies are varied and the subject for debate; generally, guidelines allow the clinician much flexibility. Until
the past few years, drug therapy with metformin, sulfonylureas and thiazolidinediones, followed by treatment with insulin, has been the norm, but
adverse events of hypoglycemia and weight gain have limited their effectiveness. There are now a number of new agents available with differing
mechanisms of action. The glucagon-like peptide-1 receptor agonists have shown effective glycemic control and may preserve beta-cell function.
Recently, a once-weekly parenteral incretin mimetic was shown to be more effective than daily insulin. Dipeptidyl peptidase-4 inhibitor agents are
orally administered, as effective as metformin and not associated with hypoglycemia or weight gain. Human amylin analogs are effective agents
when combined with insulin therapy. Long-term studies are not yet available for these new agents, but their effect on beta-cell function
preservation in animal models leads to the hope that progression of diabetes may be delayed. Initiation of more intensive treatment at an earlier

stage may be associated with reduced complications, but possibly at the expense of more adverse events.
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There is currently a global pandemic of obesity and diabetes.
Worldwide, the number of people with diabetes is estimated to be 285
million and is projected to reach 438 million in 2030." Approximately
10% of the US adult population have diabetes.? Type 2 diabetes
results in considerable morbidity and mortality, primarily the result
of the development of microvascular disease (retinopathy, nephropathy
and neuropathy) and macrovascular disease (cardiovascular,
cerebrovascular and peripheral vascular disease) complications. The
increasing prevalence of type 2 diabetes is imposing a huge clinical and
economic burden on medical institutions and will continue to do so for
the foreseeable future. Most currently available guidelines for the
treatment of hyperglycemia in people with type 2 diabetes suggest
lifestyle changes followed by the use of metformin or a combination of
both. Should this initial regimen fail, there is uncertainty and variation
of opinion as to what are the most effective second-line treatment
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strategies. The introduction of newer pharmacological agents, such as
glucagon-like peptide-1 (GLP-1) receptor agonists and dipeptidyl
peptidase-4 (DPP-4) inhibitors, has complicated the situation further. In
addition, the lack of comparative and long-term studies of these agents
in people with type 2 diabetes hinders clinicians’ ability to determine the
most appropriate place for these new agents in management strategies.

This review discusses current glycemic management strategies and
their shortcomings. It details the introduction of newer agents and their
proposed place in the treatment of type 2 diabetes.

Natural History of the Disease and

Current Therapy

Type 2 diabetes is a chronic and progressive condition. Despite
adequate control of hyperglycemia, there is a progressive failure of
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insulin secretion. Medication inevitably needs to be increased over time
to meet treatment goals and patients will ultimately require additional
drugs or insulin therapy.

The UK Prospective Diabetes Study (UKPDS) followed patients with newly
diagnosed type 2 diabetes over a 15-year period.® Sulfonylureas and
metformin treatment resulted in an initial decline in glycated hemoglobin
(HbA,.) levels followed by a gradual increase, which was associated
with a decline in beta-cell function. Similarly, in the ADOPT
(A Diabetes Outcome Progression Trial) study, metformin and
sulfonylurea treatment led to an initial improvement in glycemic control
followed by a progressive increase in HbA,..“ Metformin produced a
more sustained reduction of HbA;. than sulfonylurea treatment but
thiazolidinediones (TZDs) produced the most durable glycemic control.
This is believed to reflect both the direct and indirect protective effects
of TZDs on beta-cell function.> This longer duration of action, however,
came at the expense of significant weight gain.

Although currently available medications are effective in managing the
symptoms of hyperglycemia, they do not normalize glucose metabolism
nor completely eliminate the risk of long-term complications, which
remain the major concern for physicians and patients alike. The UKPDS
study showed that more intensive treatment with a sulfonylurea or
insulin resulted in a 12% reduction (p=0.029) in any diabetes-related
end-point and a significant reduction of 25% (p=0.0099) in the risk of
microvascular disease compared with conventional therapy.® There
were also clinically relevant post-trial risk reductions emerging
over time for myocardial infarction (15%, p=0.01) and death from any
cause (13%, p=0.007).” The adverse events of hypoglycemia and weight
gain were, however, more frequently observed compared with
conventional therapy.

Lifestyle Management of Type 2 Diabetes
Modification of lifestyle is an important factor in the management of
type 2 diabetes. Proper management of smoking, physical inactivity and
inappropriate diet are essential for improved glycemic control and the
prevention of macrovascular disease.® Long-term microvascular
complications may also be adversely affected by smoking.’” International
guidelines all emphasize the importance of lifestyle changes and
collectively state that people with newly-diagnosed type 2 diabetes
should be assessed by a dietician and given advice on an appropriate
diet. It is also recommended that patients are offered interventions to
encourage smoking cessation and that patients with comorbid
depression are appropriately managed.

In addition to the above, patients require education on self-management,
increased physical activity, smoking cessation and regular monitoring,
with specific goals to improve adherence. Structured education
programs are associated with improved psychological well-being,
reduced anxiety and overall improvement in quality of life," but show
modest effects on HbA,. improvement, usually in the range of 0.3-1.0%
(3-11mmol/mol).” For patients with type 2 diabetes, a meta-analysis of
22 studies demonstrated a mean weight loss of 3.1% (1.7kg or 3.7Ibs)
from baseline body weight with lifestyle intervention.” Supervised
exercise programs lasting from eight weeks to one year are effective for
improving glycemic control and cardiovascular risk factors in people with
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type 2 diabetes.” These programs have been shown to decrease HbA;¢
levels by 0.6% (7mmol/mol; p<0.05)."

Established Therapies for Type 2 Diabetes
Metformin is now established as the first-line therapy for type 2 diabetes.
Its precise mechanism of action remains unclear, but its foremost effect
is to reduce hepatic glucose output. Clinical trials have shown typical
reductions in HbA,. of approximately 1.5% (17mmol/mol).”* It is usually
well tolerated and the most common adverse events are typically
gastrointestinal in nature. Hypoglycemia is uncommon when compared
with other oral hypoglycemic agents but metformin may cause the rare
but potential side effect of lactic acidosis. Metformin treatment is usually
associated with weight stability or modest weight loss. The UKPDS study
demonstrated a beneficial effect of long-term metformin treatment on
macro- and microvascular complications, as well as all-cause mortality,
albeit in a small subgroup.®

Sulfonylureas enhance insulin secretion and are similar in efficacy to
metformin, lowering HbA,. levels by 1-2% (11-22mmol/mol).™" Their
major disadvantage is an increased risk of hypoglycemia, which can be
prolonged and life-threatening, particularly in the elderly. Furthermore,
weight gain of approximately 2kg (4.4lbs) is common following the
initiation of sulfonylurea therapy. Glycemic control appears to be less
durable than TZD or metformin monotherapy* and there are concerns
about the effect of sulfonylureas on ischemic preconditioning.”

TZDs increase the sensitivity of muscle, fat and liver to endogenous and
exogenous insulin (‘insulin sensitizers’) and typically lower HbA. levels
by approximately 1% (11mmol/mol).” They are effective in reducing
hepatic steatosis and have a particular role in the treatment of people
with diabetes and non-alcoholic fatty liver disease. The most common
adverse events with TZDs are weight gain and fluid retention, which may
precipitate overt heart failure. Several recent meta-analyses have
suggested that the TZD rosiglitazone is associated with an increase in
the incidence of myocardial infarction®* and its safety is currently
being reviewed by the US Food and Drug Administration (FDA). In
Europe, the European Medicines Agency suspended the marketing
authorization for rosiglitazone in September 2010. It appears that
pioglitazone is not associated with increased atherosclerotic vascular
events and may actually reduce mortality from cardiovascular disease.®
Both drugs are associated with an increased risk of fracture, particularly
in women.

Insulin remains the most effective hypoglycemic treatment for
people with type 2 diabetes but is associated with weight gain and
hypoglycemia and must be given by injection. More recently introduced
insulin analogs with a longer duration of action reduce the risk of
hypoglycemia compared with conventional insulin.®

Treatment of Patients with Impaired Glucose
Tolerance or Impaired Fasting Glycemia

The aim of treating patients with impaired glucose tolerance (IGT) or
impaired fasting glycemia (IFG) is to delay the onset of type 2 diabetes
and therefore reduce the risk of long-term complications. Several
studies from China, Finland, India and the US have demonstrated the
effectiveness of lifestyle interventions, which are recommended as
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the treatment of choice in this group of people.”® The US Diabetes
Prevention Program also showed that metformin reduced the
development of diabetes but it is unclear whether this has an additive
effect to lifestyle modification.” Similarly, rosiglitazone, pioglitazone and
acarbose have been shown to delay the onset of diabetes.”=*° With more
evidence and a trend towards earlier intervention, it is probable that
more people with IGT will be pharmacologically treated, particularly
those with high risk factors for diabetes. At present, however, the
American Diabetes Association (ADA) recommends that only metformin
be considered as drug therapy for individuals with IFG/IGT. It was also
recommended that metformin be limited to individuals <60 years of age
with a BMI >35kg/m2 and with associated risk factors for diabetes, such
as family history in first-degree relatives, elevated triglycerides, low
HDL-cholesterol and hypertension.”

Recent Advances in Type 2 Diabetes Therapy

Over the past decade, accumulating evidence has reaffirmed that
beta-cell failure and decreased insulin secretion, in addition to
insulin resistance, are important factors that lead to the development of
type 2 diabetes.*"* They also occur much earlier in the natural history
than originally thought.** Other pathogenic mechanisms include
abnormalities in the adipocyte, leading to insulin resistance. Reduced
incretin secretion from the gut and sensitivity to their actions have been
observed in people with diabetes.® In addition, increased glucagon
secretion from alpha cells, enhanced glucose reabsorption in the kidney
and central nervous system, and insulin resistance resulting from
neurotransmitter dysfunction may all contribute to the development of
type 2 diabetes.® This increased understanding of the broader
pathophysiology of type 2 diabetes has led to the development of new
targeted agents that inhibit these underlying disease processes.

New Antihyperglycemic Therapies

Glucagon-like Peptide-1-based Therapies

GLP-1 is one of the key incretin gut hormones and is secreted by the L
cells of the small intestine. GLP-1 is released after food intake and acts
as a secondary control of blood glucose by stimulating insulin secretion
in a glucose-dependent manner.* GLP-1 also inhibits glucagon
secretion® and, as evident from animal studies, may increase beta-cell
mass.* In addition, GLP-1 induces satiety and may regulate body
weight.¥” Endogenous GLP-1 is broken down by the enzyme DPP-4,
limiting its therapeutic application. Two approaches have been adopted
to overcome this: first, GLP-1 receptor agonists that mimic endogenous
GLP-1 activity but are resistant to breakdown by the DPP-4 enzyme,
resulting in more prolonged action, have been developed. Two examples
of GLP-1 receptor agonists in use are parenteral exenatide and
liraglutide. Second, oral inhibitors of DPP-4 have been developed that
prolong the action of endogenous GLP-1 by preventing its breakdown.

Glucagon-like Peptide-1 Receptor Agonists

The first GLP-1 receptor agonist to be approved for human clinical use
was exenatide. The efficacy and safety of exenatide (twice-daily
subcutaneous injections of 5 or 10ug) as add-on therapy to metformin,
sulfonylurea, or sulfonylurea plus metformin in patients with type
2 diabetes, was demonstrated in three pivotal, 30-week clinical
studies.*** Compared with placebo, exenatide demonstrated significant
reductions of HbA4. (0.5-1%; 5.5-11mmol/mol), fasting and post-prandial
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glucose. In an open-label extension of the three studies, three-year
sustained effects on HbA;. were demonstrated with respect to
baseline.”’ Similar to exenatide, liraglutide treatment resulted
in significant reductions of HbA,. levels (both as monotherapy and in
combination with one or two antidiabetic therapies),** but this agent
has a more favorable pharmacokinetic profile, making it suitable for
once-daily dosing.*

Many of these studies were examined in two meta-analyses of
randomized clinical trials evaluating GLP-1 receptor agonists in type 2
diabetes. These analyses confirmed the effectiveness of GLP-1 receptor
agonists in reducing HbA;..** The magnitude of the reduction in HbA;¢
with GLP-1-based therapies was dependent on the baseline HbA, ., with
greater reductions being seen in groups of participants with higher
baseline HbA,..”® GLP-1 receptor agonists have also been shown to have
a similar efficacy to once- or twice-daily insulin.®® A further important
effect of GLP-1 receptor agonists is weight loss, which ranged from 1.6
to 3.1kg in patients participating in these studies despite improved
glycemic control.* This is a distinct advantage over treatment with
sulphonylureas and TZDs, and many patients prefer GLP-1 receptor
agonists to these older oral treatments, despite requiring injection,
because of the weight loss.

Of particular interest, a randomized, head-to-head comparison study of
26-weeks' duration suggested that liraglutide (1.8mg daily) was
marginally more efficacious than exenatide 10ug twice daily (mean
reduction in HbA,. levels of 1.12 versus 0.79% [12 versus 8mmol/mol];
p<0.0001) when added to oral glucose-lowering agents.® Liraglutide
reduced mean fasting plasma glucose more than exenatide, but
post-prandial glucose increments were reduced more by exenatide than
by liraglutide after breakfast and dinner. Reductions in body weight
were similar in the two groups (~3kg).

Overall, GLP-1 receptor agonists have been shown to be well tolerated,
with nausea and vomiting the most frequently observed adverse events.
These adverse events are dose-dependent and decline over time.®
Severe hypoglycemia was rare and occurred only when sulphonylureas
were co-administered.” There was a high incidence of development of
antibodies to exenatide (up to 67% of patients) during the initial 30
weeks of treatment.® Some data suggest that liraglutide appears to
have a lower immunogenicity than exenatide.”* However, a
retrospective analysis found that in patients who developed antibodies
to exenatide, the titers peaked early in treatment and declined
thereafter, and were not predictive of safety and efficacy.”” A pooled
analysis of four phase Il studies of liraglutide found the prevalence of
anti-liraglutide antibodies was <10%, although it should be noted that
serum samples were taken off drug treatment.®

Pancreatitis has been reported in patients who were treated with
exenatide during post-marketing surveillance® and in several
participants of the liraglutide clinical trial program.® At this point, no
causal relationship between pancreatitis and GLP-1-based therapy has
been shown. A retrospective, cohort study showed that patients with
type 2 diabetes may have nearly a three-fold greater risk of acute
pancreatitis compared with patients without diabetes.” Furthermore, a
recent claims-based active drug safety surveillance system showed the
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risk of acute pancreatitis in patients treated with exenatide was similar
to that of patients treated with metformin or glyburide.* Understanding
the potential relationship between diabetes therapies, the disease
setting and pancreatic inflammation is of considerable clinical
importance. Finally, in carcinogenicity studies with liraglutide C cell
tumors were observed in the thyroid tissue of mice and rats,” although
this does not appear to be clinically relevant as it has not been observed
in clinical trials.

There is some evidence that GLP-1 receptor agonists may improve
beta-cell function* and maintain long-term glycemic control.**** In one
study, adjunctive exenatide treatment for at least 3.5 years resulted in
sustained glycemic control and reduced cardiovascular risk.* However,
this study was open-label and not placebo-controlled. The GLP-1
receptor agonists appear to improve cardiovascular risk factors
(blood pressure, lipid profile and, coagulation defects) as well as have
direct beneficial effects on the myocardium.”

Currently, there are no long-term outcome studies but the effects on
glycemic control, weight, and beta-cell function are promising.
However, further trials are needed to prove conclusively that these
treatments will reduce long-term complications.

Both exenatide and liraglutide were approved for use in the US in 2005
and 2010, respectively, as a second- or third-line agent for obese adults
with type 2 diabetes who are not optimally treated with metformin
and/or sulphonylureas. The low incidence of hypoglycemia, good
tolerability profile, and the positive effect on weight and satiety
suggests that GLP-1 receptor agonists may also be suitable as a first-line
agent in the future for metformin-intolerant individuals.

There are several other GLP-1 receptor agonists in development. A
once-weekly long-acting release formulation of exenatide has been
shown to be more effective than the standard twice-daily
administration.®® The marketing authorization application for this
once-weekly version of exenatide was recently (October 2010) deferred
by the FDA pending more information on the safety and efficacy of this
formulation, including additional studies to assess the potential effects
on QT prolongation.

Albiglutide, taspoglutide, and lixisenatide are agents currently under
investigation. Once-weekly taspoglutide and once-daily lixisenatide
have been shown to improve glycemic control significantly in subjects
with type 2 diabetes on metformin in randomized, placebo-controlled
trials.s* Albiglutide reduced fasting plasma glucose and 24-hour
glucose concentrations relative to placebo in subjects with type 2
diabetes in a single-blind dose-escalation study.® Late-stage trials of
taspoglutide have been delayed because of hypersensitivity problems
observed in trial subjects, including skin reactions and digestive
symptoms, but albiglutide and lixisenatide are currently undergoing
phase Il clinical evaluation in people with type 2 diabetes.

Dipeptidyl Peptidase-4 Inhibitors

DPP-4 inhibitors are oral agents that inhibit the activity of the DPP-4
enzyme and prolong the actions of endogenous GLP-1. In randomized
placebo-controlled studies, the DPP-4 inhibitors sitagliptin, vildagliptin
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and saxagliptin were shown to be effective at lowering HbA,. levels by
0.6%-0.7% (7-8mmaol/mol).*" DPP-4 inhibitors have been assessed as
monotherapy or in combination with metformin, sulfonylurea or TZDs
and one study assessed sitagliptin in a triple-therapy regimen.*

The addition of a DPP-4 inhibitor to metformin therapy resulted in a
markedly lower incidence of hypoglycemia when compared with
sulfonylurea treatment.”® Furthermore, sitagliptin and vildagliptin were
shown to have a minimal effect on weight following treatment of at least
24 weeks' duration.”® The drugs are well tolerated, with mild nausea
being the most common side-effect.

The first oral DPP-4 inhibitor, sitagliptin, was approved by the FDA in
2006 for use as monotherapy or in combination with metformin or
TZDs. Saxagliptin was subsequently approved by the FDA in 2009 and
vildagliptin was approved in Europe in 2008. A potential advantage of
DPP-4 inhibitors is that they are orally active compared with the
subcutaneously-administered GLP-1 receptor agonists. At present,
DPP-4 inhibitors are usually reserved for second-line therapy because
of the lack of long-term follow-up data. If these agents are proven to be
effective at reducing disease progression as well as long-term
complications, they could be incorporated into management strategies
as first-line therapies. Further DPP-4 inhibitors are in development,
with alogliptin and linagliptin being the most advanced.”"”

Human Amylin Analogs (Pramlintide Acetate)

Pramlintide is a synthetic human analog of amylin, a small peptide
that is almost exclusively secreted from pancreatic beta-cells.
Pramlintide administered by subcutaneous injection slows gastric
emptying, inhibits glucagon production and decreases post-prandial
glucose excursions.” Two studies have shown that the addition of
pramlintide to insulin treatment for type 2 diabetes resulted in reduced
post-prandial hyperglycemia and a reduction of HbA,. levels of 0.7-1%
(8-11mmol/mol), without evidence of weight gain.”*”* The main adverse
events were gastrointestinal in origin, particularly nausea, although this
abated with time on therapy. Currently, pramlintide is approved for
use in the US as adjunctive therapy with regular insulin or rapid-acting
insulin analogs.

Bromocriptine

Bromocriptine is an ergot alkaloid dopamine D, receptor agonist that
has been used extensively in the past to treat hyperprolactinemia,
galactorrhea and parkinsonism. A new, quick-release formulation has
recently been approved in the US for the treatment of type 2 diabetes.
Bromocriptine-QR (administered once-daily, in the morning) appears to
act centrally to the reset circadian rhythms of hypothalamic dopamine
and serotonin and to improve insulin resistance and other metabolic
abnormalities.” Clinical studies show that bromocriptine-QR lowers
HbA. by 0.6-1.2% (7-13mmol/mol), either as monotherapy or in
combination with other antidiabetes medications.” Apart from nausea,
the drug is well tolerated.

The Role of New Anti-hyperglycemic Therapies in
Type 2 Diabetes Management

The availability of these new agents offers the potential to enhance the
effectiveness of therapeutic regimens for type 2 diabetes. Current
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Table 1: American Association of Clinical Endocrinologists Algorithm for Dual and Triple Therapy Regimens for

Glycemic Control’™

Dual Therapy Regimens

Triple Therapy Regimens

Baseline HbA1c 6.5%-7.5%

Metformin +  GLP-1 agonist or DPP-4 inhibitor Metformin +  GLP-1 agonist or + TZD
TZD DPP-4 inhibitor
glinide or sulphonylurea
TZD* GLP-1 agonist or DPP-4 inhibitor glinide or
Metformin colesevelam sulphonylurea
AGI
Baseline HbA1¢ 7.6%-9.0%
Metformin +  GLP-1 agonist or DPP-4 inhibitor Metformin +  GLP-1 agonist or + TZD
DPP-4 inhibitor
TZD GLP-1 agonist or + | sulphonylurea
DPP-4 inhibitor
glinide or sulphonylurea TZD
Baseline HbA1¢ >9.0%"
Metformin +  GLP-1 agonist or DPP-4 inhibitor Metformin +  GLP-1 agonist or +  sulphonylurea
DPP-4 inhibitor
TZD TZD

*When metformin is contraindicated

GLP-1 agonist or TZD

DPP-4 inhibitor

Tbual therapy or triple therapy may be sufficient in asymptomatic patients; if the patient is symptomatic then insulin therapy should be initiated.
HbA1c = glycated hemoglobin; GLP-1 = glucagon-like peptide-1, TZD = thiazolidinedione; DPP-4 = dipeptidy! peptidase-4, AGI = alpha-glucosidase inhibitor.

guidelines recommend (see next section) their use as adjuvant therapy,
which is a sensible proposal as they have different mechanisms of
action to metformin and therefore could act in an additive or possibly
even in a synergistic way. They should not replace metformin as
first-line drug therapy as they do not have an established long-term
tolerability profile and have not yet been proven beneficial in the
reduction of type 2 diabetes progression or long-term complications.
As more evidence becomes available over the next few years, with
more comparative data between agents and also between drug
combinations, a reassessment of the current treatment strategies for
restoration of glycemic control will be essential.

Current Guidelines and Recommendations

The American Diabetes Association

The ADA published its annual guidelines in January 2010 and covered
management strategies for all aspects and complications of type 2
diabetes.” It included specific goals set for different groups,
including hospitalized, pregnant, young and elderly patients.”
Screening, diagnosis and the importance of multidisciplinary teams
were discussed. It was recommended that screening for the long-term
complications of nephropathy, retinopathy, neuropathy, dyslipidemia,
hypertension and coronary heart disease be performed at an early
stage and regularly thereafter. For optimal control of hyperglycemia
and a reduction in the long-term complications of diabetes, the
recommended target HbA is <7% (53mmol/mol). This guideline did not
specifically discuss therapeutic options, but metformin is the advised
first-line drug of choice for the majority of patients.

The American Association of Clinical Endocrinologists

The American Association of Clinical Endocrinologists (AACE)
formulated an algorithm for glycemic control in people with type 2
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diabetes in October 2009, as newer agents and the results of important
clinical studies had become available.”® The group stated that an
HDA . of <6.5% (47mmol/mol) is recommended as the primary goal, but
this goal must be customized for the individual patient. Appropriate
therapy is stratified according to the HbA,. level. For levels <7.5%
(58mmol/mol), monotherapy with metformin is advised because of its
proven efficacy and tolerability profile, advancing to dual or triple
therapy if monotherapy proves unsuccessful. Dual or triple therapy is
recommended for patients with higher HbA,. levels, each regimen
including metformin as the cornerstone of therapy (see Table 7).

The National Institute for Clinical Excellence in

England and Wales

National Institute for Health and Clinical Excellence (NICE) published
guidelines in May 2008”7 and issued an addendum on new
pharmacological agents in June 2009.% NICE recommends metformin for
patients with HbA levels greater than or equal to 6.5% (47mmol/mol). A
stepwise increase in treatment is advised for those patients with
persistent or increasing levels of HbA. A sulfonylurea may be
considered as a first-line therapy in certain individuals, such as those
who do not tolerate metformin or for whom a rapid response to therapy
is required because of hyperglycemic symptoms. For second-line
therapy, the addition of sulfonylurea to metformin is recommended
when blood glucose control remains or becomes inadequate. A TZD may
be added to metformin instead of a sulfonylurea where the person’s job
or other issues make the risk of hypoglycemia with sulfonylureas
particularly significant. In addition, a TZD may be combined with a
sulfonylurea when metformin is not tolerated. GLP-1 receptor agonists
are considered only for select individuals, such as those with inadequate
blood glucose control with conventional oral agents and with specific
problems of a psychological, biochemical or physical nature arising from
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Figure 1: American Diabetes Association/European Association for the Study of Diabetes Consensus Algorithm for the

Management of Type 2 Diabetes

Step 1

At diagnosis
Lifestyle modification and metformin
Tier 1:
Well-established therapies

Tier 2:
Less well-established therapies

step 2 Lifestyle + metformin Lifestyle + metformin Lifestyle + metformin Lifestyle + metformin
P + sulphonylurea + basal insulin + GLP-1 agonist + pioglitazone

Step 3

GLP-1 = glucagon-like peptide-1. Adapted from Nathan et al.*'

high body weight. Insulin therapy may be initiated when other measures
no longer achieve adequate blood glucose control.

The NICE addendum recommended the addition of a DPP-4 inhibitor or
a TZD to metformin as second-line therapy as well as sulfonylureas.
Recommended third-line therapy consisted of a combination of
these three agents or the addition of a GLP-1 receptor agonist to
metformin and a sulfonylurea when the level HbA,. remains below
7.5% (59mmol/mol).

American Diabetes Association/European Association
for the Study of Diabetes Consensus Algorithm

An algorithm for the treatment of type 2 diabetes was jointly published
by a group of EASD and ADA members in 2009 (see Figure 1).5' This
consensus group advocated both lifestyle changes and commencement
of metformin therapy at diagnosis, with a target HbA. of <7%
(53mmol/mol). Should this combination not maintain HbA;. levels
<7%, then the established treatment would be the introduction of basal
insulin or a sulfonylurea. The insulin regimen should then be intensified
if the control of diabetes remains suboptimal. A second algorithm
involving less well-established treatments was proposed for selected
clinical settings, such as in patients for whom hypoglycemia is
particularly undesirable (for example, in patients who have hazardous
jobs). In these patients the addition of exenatide or pioglitazone to
metformin may be considered, with addition of a sulfonylurea reserved
for more resistant cases.

The above guidelines for the treatment of type 2 diabetes are generally
broad and allow individual clinicians considerable flexibility in their
treatment choices. The common theme is that lifestyle changes and
metformin are the first-line treatment strategy for the majority of
patients. With the progression of disease, however, different strategies
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Lifestyle + metformin

+ pioglitazone
+ sulphonylurea

Lifestyle + metformin
+ basal insulin

Lifestyle + metformin
+ intensive insulin

are adopted by different clinicians. There is debate as to which is the
best second-line therapy and how best to add or change medications,
as well as when insulin should be introduced.®

The Future of Diabetes Management

There are several novel classes of drugs under development
for the treatment of type 2 diabetes, suggesting that the choice of
treatment will become more complicated in the future. The class
of drugs that is nearest to introduction is sodium-glucose transporter
(SGLT) inhibitors. SGLT-2 inhibitors, such as dapaglifiozin, block the
reabsorption of glucose from the renal filtrate, leading to an increase
in glycosuria.

A phase lll, randomized, placebo-controlled trial of dapagliflozin
including 546 adults with type 2 diabetes and inadequate glycemic
control with metformin was carried out. Dapagliflozin was shown to
reduce HbA,. (mean reduction from baseline of 0.84% [9mmol/mol];
p<0.0001) with 10mg dapagliflozin without any causing any weight
gain.® The most important side-effect recognized to date is an increase
in genitourinary infections, such as candidiasis.

There might be an increasing role for bariatric surgery, given the
relationship between obesity and type 2 diabetes, particularly as
lifestyle interventions and drug therapy are associated with only a
modest degree of weight loss. In a large non-randomized study,
morbidly obese patients underwent gastric surgery.® After two years
there was weight gain of 0.1% in the control group compared with
a weight loss of 23.4% in the surgical group (p<0.001). After 10 years,
weight gain of 1.6% was noted in the control group, whereas a weight
loss of 16.1% was maintained in the surgical group (p<0.001). A
meta-analysis of clinical trials assessing bariatric surgery demonstrated
that this approach completely resolved type 2 diabetes in >75% of
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patients and that this remission lasted at least two years.® Bariatric
surgery, however, is usually reserved for morbidly obese patients
(>35kg/m2), although glycemic control has been demonstrated in
non-obese patients using this treatment approach.®

Summary and Conclusions

The morbidity associated with long-term microvascular, neuropathic
and renal complications of type 2 diabetes can be reduced by improved
glycemic control. Current management strategies do not normalize
glucose metabolism and people with type 2 diabetes continue to
suffer disease progression and long-term complications. The comorbid
diseases of hypertension and hyperlipidemia also need to be
aggressively controlled to prevent macrovascular disease. New classes
of medications and numerous combinations have been demonstrated
to improve glycemic control. Their long-term effects on preservation of
beta-cells and prevention of micro- and macrovascular complications,
however, remain to be determined. Research that is still ongoing has

provided a better understanding of the pathophysiology of type 2
diabetes. With the introduction of newer classes of medications, a more
targeted, early and aggressive treatment strategy may be appropriate.
Clinicians need to balance aggressive therapy with the risk of adverse
events, such as hypoglycemia, and different regimens will be required
for different patients. With data becoming available in the next few
years, an almost continual appraisal of guidelines and algorithms will
be necessary. B

Richard IG Holt, PhD, FRCP, is a Professor and Honorary
Consultant in Diabetes and Endocrinology in the
Developmental Origins of Health and Disease Division in
the School of Medicine at the University of Southampton
and Southampton University Hospitals Trust. His research
interests focus on clinical diabetes and endocrinology. He
has particular clinical interests in diabetes in pregnancy,
transitional care and diabetes in mental iliness.

International Diabetes Federation Diabetes Atlas, IDF, 2009.

meta-analysis, Am J Med, 2004,117:762-74.

randomised controlled trial, Lancet, 2006,368:1096—-105.

(Available at: www.diabetesatlas.org/downloads, accessed 14. Thomas DE, Elliott EJ, Naughton GA, Exercise for type 2 28. Chiasson JL, Josse RG, Gomis R, et al., Acarbose treatment
10 August 2010). diabetes mellitus, Cochrane Database Syst Rev, and the risk of cardiovascular disease and hypertension in

2. Center for Disease Control and Prevention, Diabetes, CDC, 2006;3:CD002968. patients with impaired glucose tolerance: the STOP-NIDDM
2010. (Available at: www.cdc.gov/nchs/fastats/ 15. Bailey CJ, Turner RC, Metformin, N Engl J Med, 1996,334:574-9. trial, JAMA, 2003;290:486-94.
diabetes.htm, accessed 10 August 2010). 16. DeFronzo RA, Goodman AM, Efficacy of metformin in 29. DeFronzo RA, Actos now for prevention of diabetes

3. UKPDS, Intensive blood-glucose control with sulphonylureas patients with non-insulin-dependent diabetes mellitus. The (ACT NOW), Proceedings of the American Diabetes Association
or insulin compared with conventional treatment and risk of Multicenter Metformin Study Group, N Engl J Med, 1995,333: 68th Scientific Sessions: Late Breaking Clinical Studies,
complications in patients with type 2 diabetes (UKPDS 33). 541-9. San Fransisco, Jun 6-10, 2008.

UK Prospective Diabetes Study (UKPDS) Group, Lancet, 17. Groop LC, Sulfonylureas in NIDDM, Diabetes Care, 1992;15: 30. Xiang AH, Peters RK, Kjos SL, et al., Effect of pioglitazone on
1998,352:837-53. 737-54. pancreatic beta-cell function and diabetes risk in Hispanic

4. Kahn SE, Haffner SM, Heise MA, et al., Glycemic durability of ~ 18. Meinert CL, Knatterud GL, Prout TE, et al., A study of the women with prior gestational diabetes, Diabetes, 2006;55:
rosiglitazone, metformin, or glyburide monotherapy, N Engl J effects of hypoglycemic agents on vascular complications in 517-22.

Med, 2006;355:2427-43. patients with adult-onset diabetes. II. Mortality results, 31. Gastaldelli A, Ferrannini E, Miyazaki v, et al., Beta-cell

5. Dormandy JA, Charbonnel B, Eckland D, et al., Secondary Diabetes, 1970;19:Suppl:789-830. dysfunction and glucose intolerance: results from the San
prevention of macrovascular events in patients with type 2 19. Czoski-Murray C, Warren E, Chilcott J, et al., Clinical Antonio metabolism (SAM) study, Diabetologia, 2004,47:31-9.
diabetes in the PROactive Study (PROspective pioglitAzone effectiveness and cost-effectiveness of pioglitazone and 32. Butler AE, Janson J, Bonner-Weir S, et al., Beta-cell deficit
Clinical Trial In macrovascular Events): a randomised rosiglitazone in the treatment of type 2 diabetes: a and increased beta-cell apoptosis in humans with type 2
controlled trial, Lancet, 2005;366:1279-89. systematic review and economic evaluation, Health Technol diabetes, Diabetes, 2003;52:102-10.

6. Mazzone T, Meyer PM, Feinstein SB, et al., Effect of Assess, 2004, 8:iii, ix—x, 1-91. 33. Defronzo RA, Banting Lecture. From the triumvirate to the
pioglitazone compared with glimepiride on carotid intima- 20. Nissen SE, Wolski K, Effect of rosiglitazone on the risk of ominous octet: a new paradigm for the treatment of type 2
media thickness in type 2 diabetes: a randomized trial, myocardial infarction and death from cardiovascular diabetes mellitus, Diabetes, 2009;58:773-95.

JAMA, 2006,296:2572-81. causes, N Engl J Med, 2007,356:2457-71. 34. Holst JJ, Gromada J, Role of incretin hormones in the

7. Holman RR, Paul SK, Bethel MA, et al., 10-year follow-up of 21. Singh S, Loke YK, Furberg CD, Long-term risk of regulation of insulin secretion in diabetic and nondiabetic
intensive glucose control in type 2 diabetes, N £ngl J Med, cardiovascular events with rosiglitazone: a meta-analysis, humans, Am J Physiol Endocrinol Metab, 2004,287:E199-206.
2008;359:1577-89. JAMA, 2007;298:1189-95. 35. Dunning BE, Foley JE, Ahren B, Alpha cell function in health

8. Horton ES, Effects of lifestyle changes to reduce risks of 22. Cobitz A, Zambanini A, Sowell M, et al., A retrospective and disease: influence of glucagon-like peptide-1,
diabetes and associated cardiovascular risks: results from evaluation of congestive heart failure and myocardial Diabetologia, 2005;48:1700-13.
large scale efficacy trials, Obesity (Silver Spring), 2009;17 ischemia events in 14,237 patients with type 2 diabetes 36. Perfetti R, Hui H, The role of GLP-1 in the life and death of
(Suppl. 3):543-8. mellitus enrolled in 42 short-term, double-blind, randomized pancreatic beta cells, Horm Metab Res, 2004;36:804-10.

9. Turner RC, Millns H, Neil HA, et al., Risk factors for coronary clinical studies with rosiglitazone, Pharmacoepidemiol Drug Saf, 37. Holst JJ, Glucagon-like peptide-1: from extract to agent. The
artery disease in non-insulin dependent diabetes mellitus: 2008;17:769-81. Claude Bernard Lecture, 2005, Diabetologia, 2006,49:253-60.
United Kingdom Prospective Diabetes Study (UKPDS: 23), 23. Nissen SE, Wolski K, Rosiglitazone revisited: an updated 38. Buse JB, Henry RR, Han J, et al., Effects of exenatide
BMJ, 1998;316:823-8. meta-analysis of risk for myocardial infarction and (exendin-4) on glycemic control over 30 weeks in

10. Davies MJ, Heller S, Skinner TC, et al., Effectiveness of the cardiovascular mortality, Arch Intern Med, 2010; [Epub ahead sulfonylurea-treated patients with type 2 diabetes,
diabetes education and self management for ongoing and of print]. Diabetes Care, 2004,27:2628-35.
newly diagnosed (DESMOND) programme for people with 24. Zammitt NN, Frier BM, Hypoglycemia in type 2 diabetes: 39. Kendall DM, Riddle MC, Rosenstock J, et al., Effects of
newly diagnosed type 2 diabetes: cluster randomised pathophysiology, frequency, and effects of different exenatide (exendin-4) on glycemic control over 30 weeks in
controlled trial, BMJ, 2008;336:491-5. treatment modalities, Diabetes Care, 2005;28:2948-61. patients with type 2 diabetes treated with metformin and a

11. Thoolen B, De Ridder D, Bensing J, et al., Effectiveness 25. Nathan DM, Davidson MB, DeFronzo RA, et al., Impaired sulfonylurea, Diabetes Care, 2005;28:1083-91.
of a self-management intervention in patients with fasting glucose and impaired glucose tolerance: implications ~ 40. DeFronzo RA, Ratner RE, Han J, et al., Effects of exenatide
screen-detected type 2 diabetes, Diabetes Care, for care, Diabetes Care, 2007,30:753-9. (exendin-4) on glycemic control and weight over 30 weeks
2007;30:2832-7. 26. Ratner R, Goldberg R, Haffner S, et al., Impact of intensive in metformin-treated patients with type 2 diabetes, Diabetes

12. Boren SA, Gunlock TL, Schaefer J, et al., Reducing risks in lifestyle and metformin therapy on cardiovascular disease Care, 2005;28:1092-100.
diabetes self-management: a systematic review of the risk factors in the diabetes prevention program, Diabetes 41. Klonoff DC, Buse JB, Nielsen LL, et al., Exenatide effects on
literature, Diabetes Educ, 2007;33:1053-77; discussion 1078-9. Care, 2005;28:888-94. diabetes, obesity, cardiovascular risk factors and hepatic

13. Norris SL, Zhang X, Avenell A, et al., Long-term 27. Gerstein HC, Yusuf S, Bosch J, et al., Effect of rosiglitazone biomarkers in patients with type 2 diabetes treated for at
effectiveness of lifestyle and behavioral weight loss on the frequency of diabetes in patients with impaired least 3 years, Curr Med Res Opin, 2008;24:275-86.
interventions in adults with type 2 diabetes: a glucose tolerance or impaired fasting glucose: a 42. Garber A, Henry R, Ratner R, et al., Liraglutide versus

40

US ENDOCRINOLOGY



43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

glimepiride monotherapy for type 2 diabetes (LEAD-3
Mono): a randomised, 52-week, phase lll, double-blind,
parallel-treatment trial, Lancet, 2009;373:473-81.

Marre M, Shaw J, Brandle M, et al., Liraglutide, a once-daily
human GLP-1 analogue, added to a sulphonylurea over 26
weeks produces greater improvements in glycaemic and
weight control compared with adding rosiglitazone or
placebo in subjects with Type 2 diabetes (LEAD-1 SU),
Diabet Med, 2009;26:263-78.

Nauck M, Frid A, Hermansen K, et al., Efficacy and

safety comparison of liraglutide, glimepiride, and placebo,
all in combination with metformin, in type 2 diabetes:

the LEAD (liraglutide effect and action in diabetes)-2 study,
Diabetes Care, 2009,32:84-90.

Russell-Jones D, Vaag A, Schmitz O, et al., Liraglutide
versus insulin glargine and placebo in combination with
metformin and sulfonylurea therapy in type 2 diabetes
mellitus (LEAD-5 met+SU): a randomised controlled trial,
Diabetologia, 2009;52:2046-55.

Zinman B, Gerich J, Buse JB, et al., Efficacy and safety of
the human glucagon-like peptide-1 analog liraglutide in
combination with metformin and thiazolidinedione in
patients with type 2 diabetes (LEAD-4 Met+TZD),

Diabetes Care, 2009,;32:1224-30.

Elbrond B, Jakobsen G, Larsen S, et al., Pharmacokinetics,
pharmacodynamics, safety, and tolerability of a single-dose
of NN2211, a long-acting glucagon-like peptide 1 derivative,
in healthy male subjects, Diabetes Care, 2002;25:

1398-404.

Amori RE, Lau J, Pittas AG, Efficacy and safety of incretin
therapy in type 2 diabetes: systematic review and
meta-analysis, JAMA, 2007,298:194-206.

Monami M, Marchionni N, Mannucci E, Glucagon-like
peptide-1 receptor agonists in type 2 diabetes: a
meta-analysis of randomized clinical trials, Eur J Endocrinol,
2009;160:909-17.

Buse JB, Rosenstock J, Sesti G, et al., Liraglutide once

a day versus 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.

Heine RJ, Van Gaal LF, Johns D, et al., Exenatide versus
insulin glargine in patients with suboptimally controlled
type 2 diabetes: a randomized trial, Ann Intern Med,
2005;143:559-69.

Fineman M, Mace K, Diamant M, et al., Antibodies to
exenatide did not cross-react with human GLP-1 or
glucagon or alter the efficacy or safety of exenatide,
Diabetologia 2010;53(Suppl. 1):5342: abstract 858.

Garber AJ, Marre M, Nauck M, et al., The efficacy of
liraglutide is not impacted in subjects positive for
anti-liraglutide antibodies: A pooled analysis AACE 19th
Annual Meeting and Clinical Congress 2010:47,

Abstract 255.

Ahmad SR, Swann J, Exenatide and rare adverse events,

N Engl ) Med, 2008;358:1970-1.

Noel RA, Braun DK, Patterson RE, et al., Increased risk of
acute pancreatitis and biliary disease observed in patients
with type 2 diabetes: a retrospective cohort study, Diabetes
Care, 2009;32:834-8.

Dore DD, Seeger D, Arnold Chan K, Use of a claims-based
active drug safety surveillance system to assess the risk of
acute pancreatitis with exenatide or sitagliptin compared to

US ENDOCRINOLOGY

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Progression of Treatment Strategies in Type 2 Diabetes

metformin or glyburide, Curr Med Res Opin, 2009;25:1019-27.
Parks M, Rosebraugh C, Weighing risks and benefits of
liraglutide—the FDA's review of a new antidiabetic therapy,
N Engl ] Med, 2010,362:774-7.

Bunck MC, Diamant M, Cornér A, et al., One-year
treatment with exenatide improves beta-cell function,
compared with insulin glargine, in metformin-treated

type 2 diabetic patients: a randomized, controlled trial,
Diabetes Care, 2009,32:762-8.

Reductions in lipids and CV risk markers in patients with
type 2 diabetes treated with liraglutide: a meta-analysis,
presented at the International Diabetes Federation 20th
World Diabetes Congress, Montreal, Quebec, Canada.
Drucker DJ, Buse JB, Taylor K, et al., Exenatide once weekly
versus twice daily for the treatment of type 2 diabetes: a
randomised, open-label, non-inferiority study, Lancet,
2008;372:1240-50.

Nauck MA, Ratner RE, Kapitza C, et al., Treatment with the
human once-weekly glucagon-like peptide-1 analog
taspoglutide in combination with metformin improves
glycemic control and lowers body weight in patients with
type 2 diabetes inadequately controlled with metformin
alone: a double-blind placebo-controlled study,

Diabetes Care, 2009,32:1237-43.

Ratner RE, Rosenstock J, Boka G, Dose-dependent effects
of the once-daily GLP-1 receptor agonist lixisenatide in
patients with Type 2 diabetes inadequately controlled with
metformin: a randomized, double-blind, placebo-controlled
trial, Diabet Med, 2010,27:1024-32.

Matthews JE, Stewart MW, De Boever EH, et al.,
Pharmacodynamics, pharmacokinetics, safety, and
tolerability of albiglutide, a long-acting glucagon-like
peptide-1 mimetic, in patients with type 2 diabetes,

J Clin Endocrinol Metab, 2008;93:4810-7.

Richter B, Bandeira-Echtler E, Bergerhoff K, et al.,
Dipeptidyl peptidase-4 (DPP-4) inhibitors for type 2 diabetes
mellitus, Cochrane Database Syst Rev, 2008,CD006739.
DeFronzo RA, Hissa MN, Garber AJ, et al., The efficacy and
safety of saxagliptin when added to metformin therapy in
patients with inadequately controlled type 2 diabetes with
metformin alone, Diabetes Care, 2009,32:1649-55.
Rosenstock J, Aguilar-Salinas C, Klein E, et al., Effect of
saxagliptin monotherapy in treatment-naive patients with
type 2 diabetes, Curr Med Res Opin, 2009;25:2401-11.
Goldstein BJ, Feinglos MN, Lunceford JK, et al., Effect of
initial combination therapy with sitagliptin, a dipeptidyl
peptidase-4 inhibitor, and metformin on glycemic control in
patients with type 2 diabetes, Diabetes Care, 2007;30:
1979-87.

Hermansen K, Kipnes M, Luo E, et al., Efficacy and safety of
the dipeptidyl peptidase-4 inhibitor, sitagliptin, in patients
with type 2 diabetes mellitus inadequately controlled on
glimepiride alone or on glimepiride and metformin,

Diabetes Obes Metab, 2007,;9:733-45.

Nauck MA, Meininger G, Sheng D, et al., Efficacy and safety
of the dipeptidyl peptidase-4 inhibitor, sitagliptin, compared
with the sulfonylurea, glipizide, in patients with type 2
diabetes inadequately controlled on metformin alone: a
randomized, double-blind, non-inferiority trial, Diabetes Obes
Metab, 2007,9:194-205.

Ferrannini E, Fonseca V, Zinman B, et al., Fifty-two-week
efficacy and safety of vildagliptin vs. glimepiride in patients

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

with type 2 diabetes mellitus inadequately controlled on
metformin monotherapy, Diabetes Obes Metab, 2009;11:
157-66.

Neumiller JJ, Wood L, Campbell RK, Dipeptidyl peptidase-4
inhibitors for the treatment of type 2 diabetes mellitus,
Pharmacotherapy, 2010,30:463-84.

Tiwari A, Linagliptin, a dipeptidyl peptidase-4 inhibitor for
the treatment of type 2 diabetes, Curr Opin Investig Drugs,
2009;10:1091-104.

Schmitz O, Brock B, Rungby J, Amylin agonists: a novel
approach in the treatment of diabetes, Diabetes,
2004,53(Suppl. 3):5233-8.

Ratner RE, Want LL, Fineman MS, et al., Adjunctive therapy
with the amylin analogue pramlintide leads to a combined
improvement in glycemic and weight control in insulin-
treated subjects with type 2 diabetes, Diabetes Technol Ther,
2002;4:51-61.

Riddle M, Frias J, Zhang B, et al., Pramlintide improved
glycemic control and reduced weight in patients with type
2 diabetes using basal insulin, Diabetes Care, 2007;30:
2794-9.

Scranton R, Cincotta A, Bromocriptine—unique formulation
of a dopamine agonist for the treatment of type 2 diabetes,
Expert Opin Pharmacother, 2010;11:269-79.

American Diabetes Association, Standards of medical care
in diabetes—2010, Diabetes Care, 2010;33(Suppl. 1):511-61.
Rodbard HW, Jellinger PS, Davidson JA, et al., Statement by
an American Association of Clinical
Endocrinologists/American College of Endocrinology
consensus panel on type 2 diabetes mellitus: an algorithm
for glycemic control, Endocr Pract, 2009;15:540-59.
Excellence NIOC, Type 2 Diabetes. National Clinical Guideline For
Management In Primary And Secondary Care, Web Page, 2008.
Available at: www.nice.org.uk/nicemedia/live/11983/40803/
40803.pdf

Excellence NIOC, Type 2 Diabetes: newer agents, NICE, 2009.
Available at: www.nice.org.uk/nicemedia/live/12165/
44319/44319.doc (accessed 10 August 2010).

Nathan DM, Buse JB, Davidson MB, et al., Medical
management of hyperglycaemia in type 2 diabetes
mellitus: a consensus algorithm for the initiation and
adjustment of therapy: a consensus statement from the
American Diabetes Association and the European
Association for the Study of Diabetes, Diabetologia,
2009;52:17-30.

Fonseca VA, Zinman B, Nauck MA, et al., Confronting

the type 2 diabetes epidemic: the emerging role of
incretin-based therapies, Am J Med, 2010;123:52-510.
Bailey CJ, Gross JL, Pieters A, et al., Effect of

dapagliflozin in patients with type 2 diabetes who have
inadequate glycaemic control with metformin: a
randomised, double-blind, placebo-controlled trial,

Lancet, 2010;375:2223-33.

Sjostrom L, Lindroos AK, Peltonen M, et al., Lifestyle,
diabetes, and cardiovascular risk factors 10 years after
bariatric surgery, N Engl J Med, 2004,351:2683-93.

Buchwald H, Avidor Y, Braunwald E, et al., Bariatric
surgery: a systematic review and meta-analysis, JAMA,
2004,292:1724-37.

Deitel M, From bariatric to metabolic surgery in non-obese
subjects: time for some caution, Arg Bras Endocrinol Metabol,
2009;53:246-51.

a1



	US_Endo_FC
	US_Endo_IFC
	US_Endo_01
	US_Endo_02
	US_Endo_03
	US_Endo_04
	US_Endo_05
	US_Endo_06
	US_Endo_07
	US_Endo_08
	US_Endo_09
	US_Endo_10
	US_Endo_11
	US_Endo_12
	US_Endo_13
	US_Endo_14
	US_Endo_15
	US_Endo_16
	US_Endo_17
	US_Endo_18
	US_Endo_19
	US_Endo_20
	US_Endo_21
	US_Endo_22
	US_Endo_23
	US_Endo_24
	US_Endo_25
	US_Endo_26
	US_Endo_27
	US_Endo_28
	US_Endo_29
	US_Endo_30
	US_Endo_31
	US_Endo_32
	US_Endo_33
	US_Endo_34
	US_Endo_35
	US_Endo_36
	US_Endo_37
	US_Endo_38
	US_Endo_39
	US_Endo_40
	US_Endo_41
	US_Endo_42
	US_Endo_43
	US_Endo_44
	US_Endo_45
	US_Endo_46
	US_Endo_47
	US_Endo_48
	US_Endo_49
	US_Endo_50
	US_Endo_51
	US_Endo_52
	US_Endo_53
	US_Endo_54
	US_Endo_55
	US_Endo_56
	US_Endo_57
	US_Endo_58
	US_Endo_59
	US_Endo_60
	US_Endo_61
	US_Endo_62
	US_Endo_63
	US_Endo_64
	US_Endo_65
	US_Endo_66
	US_Endo_67
	US_Endo_68
	US_Endo_69
	US_Endo_70
	US_Endo_71
	US_Endo_72
	US_Endo_73
	US_Endo_74
	US_Endo_75
	US_Endo_76
	US_Endo_77
	US_Endo_78
	US_Endo_79
	US_Endo_80
	US_Endo_81
	US_Endo_82
	US_Endo_83
	US_Endo_84
	US_Endo_85
	US_Endo_86
	US_Endo_87
	US_Endo_88
	US_Endo_89
	US_Endo_90
	US_Endo_91
	US_Endo_92
	US_Endo_93
	US_Endo_94
	US_Endo_95
	US_Endo_96
	US_Endo_IBC
	US_Endo_FC



