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UNDERSTAND DIABETES

KNOW THE WARNING SIGNS

frequent urination weigh tloss lack of energy  excessive thirst

If you show these signs, seek medical attention now

TYPE 2 DIABETES: ARE YOU AT RISK?

wXan

family history  lack ofexercise  unhealthy diet overweight

If you think you're at risk, get tested

TYPE 2 DIABETES: REDUCE YOUR RISK

brisk walking dancing swimming cycling

30 minutes of exercise a day can reduce risk of developing type 2 diabetes by 40%.
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Fasting G lucose T esting in F irst
Trimester Allows E arly Risk Detection

High-normal fasting glucose levels in the first trimester
increase the risk of adverse pregnancy outcomes,
including gestational diabetes mellitus. Screening in the
third trimester provides only scant time to treat the
condition. By contrast, diet and exercise interventions
initiated in at-risk women during the second trimester
might improve maternal and neonatal outcomes.

In the previously reported Hyperglycemia and Adverse
Pregnancy Outcome (HAPO) study, at 24 to 32 weeks
gestation, maternal blood glucose levels above normal but
below those diagnostic of overt diabetes were associated
with adverse pregnancy outcomes.

Dr. Riskin-Mashiah and colleagues evaluated links
between first trimester fasting plasma glucose levels and
adverse pregnancy outcomes. Their analysis centered on
6,129 women with singleton pregnancies who had a first
trimester fasting glucose level recorded. Women with
pregestational diabetes, fasting glucose greater than 105
mg/dL, or delivery at less than 24 weeks were excluded.

With increasing fasting maternal glucose levels, the
frequency of gestational diabetes mellitus development
increased from 1.0% in the lowest category to 11.7% in the
highest; the frequency of large for gestational age and/or
macrosomia increased from 7.9% to 19.4%, and for
primary cesarean section it increased from 12.7% to
20.0%.

The risk of gestational diabetes mellitus remained almost
unchanged even after controlling for pregestational BMI,
and the risk for large for gestational age and/or
macrosomia was maintained even after excluding women
with gestational diabetes mellitus.

Whereas gestational diabetes mellitus screening is usually
recommended at the start of the third trimester in order to
maximize the metabolic effects of pregnancy,the current
study suggests that early screening may be worthwhile.

Diabetes Care. 2009;32:1639-1643. Abstract
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MRI S hows Brain Changes
inT ype 2 Diabetics

Patients with type 2 diabetes have more pronounced
brain atrophy and are more likely to have cerebral infarct.
Researchers examined the association of glycemic
status and magnetic resonance imaging (MRI) findings of
brain pathological changes in 4415 elderly residents of
Iceland (mean age, 76 years) without dementia.

Overall, 2327 (53%) were normoglycemic, 1599 (36%)
had impaired fasting glucose, and 489 (11%) had type 2
diabetes. Type 2 diabetic patients had significantly lower
total brain volume (71.5% vs 72.2%), gray matter volume
(44.9% vs 45.1%), and white matter volume (25.3% vs
25.7%) compared to normoglycemic subjects.

Patients with type 2 diabetes were also more likely to
have single or multiple cerebral infarcts, compared to
normoglycemic individuals.

Longer duration of diabetes was associated with lower
percentage of total brain volume, lower percentage of
gray and white matter, and higher percentage of white
matter lesions, as well as with a significantly greater
likelihood of having single or multiple cerebral infarcts.

In secondary analyses, use of diabetes medication and
hemoglobin A1C levels were examined in relation to
brain tissue volumes and the presence of cerebral
infarcts. Just more than half - 56% - of diabetic subjects
were taking either hypoglycemic medications or insulin.

Compared with diabetics who were not taking
medication, patients on medication had a significantly
lower percentage of total brain volume and lower
percentages of gray matter (44.5 vs 45.4) and white
matter (24.9 vs 25.6) volume, according to the report.

The authors found no association between quartiles of
A1C and brain tissue volumes or the presence of nfarcts.

Diabetes Care 2009;32:1608-1613.
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Obesity Alone May Be the Best P redictor
of Undiagnosed Diabetes

This study was conducted in The Netherlands at 11
family practices with a total practice population of 49,229
patients. Among patients aged 45 to 75 years, the
investigators conducted stepwise opportunistic screening
as follows: (1) using the electronic medical record, high-
risk individuals with 1 or more risk factors for diabetes
and low-risk individuals were identified; (2) a capillary
fasting plasma glucose measurement was obtained and
repeated on a different day if the value exceeded 110
mg/dL; and (3) a venous sample was obtained if both
capillary fasting plasma glucose values exceeded 110
mg/dL and at least 1 sample was 126 mg/dL or higher.

There were 3724 high-risk patients seen during usual
care who were invited for a first capillary measurement
(response rate, 90%), as well as a random sample of
465 low-risk patients contacted by mail (response rate,
86%). Previously undiagnosed diabetes was ultimately
detected in 101 high-risk patients and 2 low-risk
patients. Screening resulted in the prevalence of
diabetes among patients 45 to 75 years old increasing
from 6.1% to 6.8%.

Among diagnostic models using a variety of risk factors,
the best predictor of undiagnosed diabetes was a model
containing obesity alone.

Limitations of this study include the fact that all risk
factors are not contained in the diagnostic codes used,
the use of fasting plasma glucose rather than oral
glucose tolerance, the inability to collect 3 blood samples
from all study participants, and the variability in results
from portable glucose meters.

Ann Fam Med. 2009;7:422—430. Abstract
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Regular E xercise During P regnancy May
Lower Risk for E xcessive Birth W eight

Despite extensive literature on the relationship between
regular exercise during pregnancy and mean birth
weight, the results are ambiguous and lack consistency.
Both a positive and negative association with newborn
birth weight have been suggested.

This analysis included data from 36,869 singleton
pregnancies lasting at least 37 weeks.. Excessive
newborn birth weight, defined as birth weight at or above
the 90th percentile, was the primary endpoint of the
study. Associations were estimated separately for
nulliparous (n = 16,064) and multiparous (n = 20,805)
women with use of logistic regression analyses.

Of 4033 newborns (10.9%) with excessive birth weight,
2263 (56.1%) were born to multiparous women. Regular
exercise (at least 3 times per week) in pregnancy weeks
17 and 30 was inversely associated with excessive
newborn birth weight in nulliparous women.

"Regular exercise performed before pregnancy did not
affect the probability of delivering newborns with an
excessive birth weight in nulliparous or multiparous
women," the study authors write. "Regular exercise
during pregnancy reduces the odds of giving birth to
newborns with excessive birth weight by 23-28%."

Limitations of this study include indirect assessment of
regular exercise with use of self-administered
questionnaires, low response rate in the Norwegian
Mother and Child Cohort Study, and possible
confounding factors.

Although our results indicate a protective effect of regular
exercise during pregnancy, there seems to be an urgent
need for randomized controlled trials with high
methodological and interventional quality to be carried
out to study the causal relationship between regular
exercise in pregnancy and excessive newborn birth
weight.

Obstet Gynecol. 2009;114:770-776.
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Diabetes Mellitus and Gastric Emptying

Introduction

Diabetes mellitus is frequently associated with symptoms
and disturbances of gastrointestinal motility and/or
sensation. The reported prevalence of delayed gastric
emptying in patients with longstanding diabetes has ranged
from 28—-65%; however, the relationship between symptoms
and delayed emptying is variable. Some studies have
shown that the prevalence of symptoms was not generally
higher in patients with diabetes compared to volunteers
without diabetes; indeed, some patients with delayed
gastric emptying are asymptomatic.

In the literature, these abnormalities, particularly symptoms
of delayed gastric emptying, have often been attributed to
gastroparesis, developing as a consequence of diabetic
autonomic neuropathy and resulting from poor glycaemic
control. However, because a delay in gastric emptying can
be seen even in healthy individuals when hyperglycaemia is
artificially induced, delayed emptying in patients with
diabetes may be interpreted as an appropriate physiological
response to hyperglycaemia, facilitating a slower delivery of
nutrients to the bloodstream to combat further elevations of
the blood glucose concentration.

The clinical syndrome of diabetic gastroparesis or
gastroparesis diabeticorum is characterized by a significant
impairment of gastric emptying, accompanied by severe
nausea, vomiting, malnutrition, and often weight loss.
Moreover, because delays in gastric emptying rates are
commonly observed in patients with diabetes (most
commonly in the absence of recurrent nausea, vomiting,
and neuropathy) clinicians may find it difficult to differentiate
gastroparesis from the functional delay in gastric emptying
that often occurs in the setting of significant
hyperglycaemia. Thus, failure to differentiate gastroparesis
from mild, asymptomatic alterations in gastric emptying,
which are not associated with abnormal vagal functioning,
can potentially lead to inappropriate treatment and
ineffective management of the patient’s diabetes.

Adding to the confusion surrounding gastroparesis is the
plethora of contradictory reports in the literature regarding
gastric emptying in diabetes. It has been reported that
gastric emptying is actually accelerated in patients with
early type 2 diabetes mellitus (T2DM) who do not have
gastrointestinal tract symptoms or evidence of neuropathy
when glucose is controlled. Gastric emptying rates in the
T2DM population have been reported to be slowed,
unchanged, or accelerated.

Making the distinction between gastroparesis and less
severe delayed gastric emptying becomes important in light
of new understanding regarding the adverse effects of
postprandial hyperglycaemia and the introduction of new
classes of medications that target postprandial glucose
excursions and other risk factors of diabetes.
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What is the relationship between gastric emptying
and ambient glucose concentration?

The rate of gastric emptying is influenced — although not
always in a linear fashion — by a number of factors including
meal volume, caloric content, meal composition (solid
versus liquid, macronutrient composition) and, as previously
stated, ambient blood glucose concentration. Regarding the
relationship between gastric emptying and plasma glucose
concentration following a standard oral glucose tolerance
test (75 g glucosein water) in ten healthy individuals,
Horowitz et al. were able to show that the initial rise in
glucose was directly related to the rate of gastric emptying,
whereas the glucose concentration at 120 min was
inversely related. Delivery of glucose directly in the small
intestine, revealed a non-linear relationship between the
glucose concentration and duodenal pressure waves.
Osmolarity, temperature, posture, and stress also impact
the gastric emptying rate.

Normal glucose metabolism versus diabetes

The rate of gastric emptying is regulated by the coordinated
activity within the proximal stomach, and the proximal small
intestine. As the distal stomach triturates ingested solid
foods, phasic and tonic pyloric pressures in conjunction with
duodenal contractions slow gastric emptying. During this
time, insulin is rapidly secreted and glucagon secretion is
suppressed. As blood glucose concentrations rise, the
decelerated rate of gastric emptying contributes to
maintenance of glucose homeostasis. In the presence of
acute hyperglycaemia, proximal gastric tone is diminished,
frequency and propagation of antral pressure waves are
suppressed, and pyloric contractions are stimulated, all of
which contribute to the slowing of gastric emptying.

Diabetes and rate of gastric emptying

In individuals with diabetes, the early release of insulin is
impaired or absent and patients, particularly those with type
2 diabetes, are commonly resistant to insulin action. As a
consequence of these factors and excessive glucagon
secretion, there is increased hepatic glucose production
and inadequately low peripheral glucose uptake, resulting in
more pronounced postprandial hyperglycaemia. Thus, a
normal gastric emptying rate in diabetic patients could in
fact be considered ‘pathologically’ rapid given their reduced
capacity to take up glucose. Slowed gastric emptying
should benefit both, patients who use insulin (both type 1
and type 2) and patients with earlier stages of type 2
diabetes, who are not taking insulin, as the slowed release
of nutrients into the system allows either the exogenously
administered insulin (in insulin-using patients) or, in the
latter, the body’s own insulin (albeit diminished and/or
hampered in its action because of insulin resistance) to
absorb the nutrient derived glucose. While it is well
established that insulin-induced hypoglycaemia accelerates




Gastric Emptying

gastric emptying and can be considered a
counterregulatory mechanism to combat further lowering of
blood glucose concentration, Lyzy et al. (also Horowitz et
al.) reported that a subset of patients with recurrent
unexplained postprandial hypoglycaemia had slower gastric
emptying than patients with diabetes who did not have
recurrent hypoglycaemia in the early postprandial period.

Type 1 diabetes

Schvarcz and colleagues studied gastric emptying of a
mixed meal in eight healthy subjects and nine patients with
type 1 diabetes mellitus (T1DM) who had no
gastrointestinal tract symptoms and no evidence of
neuropathy. Changes in blood glucose within the normal
postprandial range slowed gastric emptying by 20-30% in
both healthy subjects and in patients with TLDM. However,
at 8 mmol/L glucose, the delay in emptying was significantly
greater in healthy subjects, suggesting that a maladaptive
response to hyperglycaemia is present in TIDM as this
relatively increased emptying rate would be expected to
contribute further to postprandial hyperglycaemia.

Samsom and colleagues reported that hyperglycaemia
reduces postprandial antral contractile activity and its
organization in patients with TIDM and autonomic
neuropathy. In earlier studies, Samsom and colleagues
demonstrated that compliance of the proximal stomach is
significantly increased in those with TIDM who also have
autonomic neuropathy and gastrointestinal symptoms and
that this abnormality is likely attributable to the autonomic
neuropathy itself. Horowitz and Fraser cautioned that
although delayed gastric and oesophageal emptying
appears to occur frequently in TIDM, these delays do not
necessarily reflect irreversible autonomic neuropathy. It is
important to note that gastric emptying is accelerated in
T1DM in the presence of insulin-induced hypoglycaemia.
Under such circumstances, this acceleration serves as a
protective mechanism, allowing nutrients to enter the small
intestine more quickly and thereby allowing more rapid
delivery of glucose. Insulin itself is not believed to have a
direct effect on gastric emptying in this or other
circumstances.

Type 2 diabetes

A study by Schwartz and colleagues that used scintigraphy
assessed gastric emptying in recently diagnosed subjects
with T2DM and no clinical evidence of neuronal dysfunction
and demonstrated that gastric emptying of a solid high-
carbohydrate meal was significantly more rapid in patients
with diabetes than in those without. In a separate study that
assessed gastric emptying of a solid-liquid meal in obese
T2DM patients, Bertin and colleagues found no difference
in gastric emptying time for the liquid phase between those
with diabetes and those without; however, the half gastric
emptying time for the solid phase was significantly
shortened in the diabetic patients versus controls. In
contrast, Phillips et al. found accelerated gastric emptying
of a liquid meal in newly diagnosed T2DM. It is important to
note that in all three studies, diabetic subjects had
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significant fasting and postprandial hyperglycaemia that
should have reduced the rate of gastric emptying relative to
that of normoglycaemic, non-diabetic subjects.

Conversely, Horowitz and colleagues found that delayed
gastric and oesophageal emptying occurred frequently in
T2DM and that the delay in gastric emptying was related to
ambient glucose concentrations. The lag period (a marker
for initial gastric emptying) was significantly longer in
subjects with elevated plasma glucose concentrations
compared to those with plasma glucose concentrations
closer to normal.

In summary, the rate of gastric emptying is influenced by
several factors, in particular glycaemia. An important
observation is the reciprocal relationship between the rate
of gastric emptying and the blood glucose concentration.
The relationship becomes even more complex when
neuropathy is present.

What are the possible sources of the
conflicting data regarding disordered
gastric emptying?

Discrepancies in assessment of gastric emptying in
T2DM

The literature regarding abnormalities in gastric emptying in
T2DM is inconclusive. Gastric emptying rates in the T2DM
population have been reported to be decreased,
unchanged, or accelerated. Some of this discrepancy is
likely explained by differences in the study designs. The
use of various meal constructs is important. In most of the
studies, T2DM patients with poor glycaemic control were
enrolled so that clinically relevant effects of high blood
glucose and/or enteric neuropathy could not be excluded.

Discrepancies in prevalence of true gastroparesis

The prevalence of gastric emptying abnormalities in
individuals with diabetes is estimated to vary from 28-65%.
However gastric emptying abnormality is in fact not
synonymous with gastroparesis. The prevalence of true
gastroparesis appears to be substantially overestimated,
with the prevalence of gastroparesis in T2DM estimated to
be as high as 30%.

One plausible explanation is a bias in data collection as
most data were collected from academic centres where
prevalence of gastroparesis may have been much higher.
In population-based studies that focused on symptoms
rather than on gastric scintigraphy findings, no significant
differences have been shown in the prevalence of
symptoms consistent with upper gastrointestinal dysmaotility
(nausea, vomiting) in patients with diabetes versus controls.

The diagnosis of gastroparesis implies a causal relationship
between delayed gastric emptying and specific symptoms.
The only proof would be to ameliorate symptoms by
temporarily accelerating gastric emptying (e.g.
pharmacologically or by injection of botulinum toxin into the
pyloric region) or by infusing nutrients directly into the small
intestine.
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Gastric Emptying

Another reason for discrepancies in estimation of
gastroparesis prevalence is that many studies of disordered
gastric emptying have ignored evaluation for autonomic
neuropathy. Normal cardiovascular reflex tests may not
exclude diabetic gastropathy. Further, patients referred for
gastric emptying studies are probably highly selected for
symptoms thought to be typical of slowed gastric emptying.
Moreover, there is a disparity or poor correlation between
gastrointestinal symptoms and the presence or absence of
a measurable delay in gastric emptying, i.e. patients without
gastrointestinal (Gl) complaints may have delayed gastric
emptying. Blood glucose concentrations, the rate of solid
emptying and autonomic nerve function are all independent
determinants of postprandial fullness. Therefore, clinicians
should be aware that the prevalence of most
gastrointestinal tract symptoms is similar in individuals with
or without diabetes, except for a lower prevalence of
heartburn and an increased prevalence of constipation or
laxative use in individuals with TLDM. This latter difference,
however, is commonly associated with the use of calcium
channel blocker therapy and has not been tied to
established symptoms of autonomic neuropathy.

Is the current definition of gastroparesis
clinically relevant to diabetes
management?

The American Gastroenterological Association defines
gastroparesis as a symptomatic chronic disorder of the
stomach characterized by delayed gastric emptying in the
absence of mechanical obstruction. Gastroparesis
diabeticorum is usually accompanied by severe nausea,
vomiting, malnutrition, and often weight loss. The
regurgitated or aspirated gastric content often contains
recognizable food from meals eaten several hours
previously. Vinik and colleagues suggest that the finding of

retained food in the stomach after an 8-12-h fast in the
absence of obstruction is diagnostic of gastroparesis.
However, the diagnosis of gastroparesis is often on the
basis of the presence of appropriate (albeit variable)
symptoms/signs (including early satiety, nausea, vomiting,
bloating, and upper abdominal discomfort), a finding of
significantly impaired gastric emptying, and the absence of
an obstructing structural lesion in the stomach or small
intestine.

Gastric emptying is affected by autonomic nerve
dysfunction. However, the American Gastroenterological
Association tends to place a greater emphasis on
symptoms and delayed emptying than on the presence or
absence of documented neurological dysfunction. This
broad approach to definition and diagnosis may contribute
to a clinical diagnosis of gastroparesis in those with
diabetes. Kong and Horowitz propose that a clear
distinction should be made between gastroparesis and
delayed gastric emptying, with a diagnosis of gastroparesis
restricted to those patients in whom gastric emptying is
grossly delayed and characteristic symptoms of this
disorder are found. The differentiation between
gastroparesis causing symptoms and an in consequential
delay in gastric emptying is clinically important, as only the
former will justify further diagnostic and therapeutic
interventions.

What therapies affect gastric emptying?
Current therapies for gastric emptying disorders

The primary goals for treatment of gastric emptying
disorders are (1) alleviation of symptoms, (2) correction of
any malnutrition, and (3) resumption of adequate nutritional
intake. The best glycaemic control possible should be
sought in all diabetes patients given the known effect of
hyperglycaemia on microvascular disease, gastric

emptying, the progression of neuropathy, and the
Table 1. Comparison of gastric emptying measurement methodologiegnhibitory action of high blood glucose on prokinetic
drugs such as erythromycin, a therapy shown to
sC BT us MRI Sp stimulate gastric emptying in subjects with diabetic
gastroparesis. Other prokinetics such as
- metoclopramide, domperidone, and cisapride have
Radiation + - - - - . ) .
S ) been reported to provide greater symptomatic relief
High-time resolution + - ++ w - than erythromycin. It has been hypothesized that
Assess intra-gastric ++ = ++ ++ prokinetic drugs may actually improve glycaemic
distribution control by facilitating a more predictable absorption
A inilit N N o N of nutrients. However, the rapid acceleration of
ceessibility ) ) gastric emptying associated with erythromycin
Operator dependent - - ++ - - therapy has been shown to actually worsen
Cost High Low Low High postprandial glucose control. In addition, a number
Well validated n n n " n of other side effects may occur with erythromycin,
o including nausea, vomiting, and abdominal pain.
(healthy individuals) ] )
Well validated N o o Antiemetic drugs have also been used to treat the
_ e. \_/a' ate - ) i i ) symptoms of gastroparesis, although to date these
(individuals with diabetes) drugs seem to have little effect on gastric emptying
times.
SC, scmtlgraphy; BT, 13C-_octanoa'te breath tesF; US, ultrasonography; Murray and colleagues recently reported the
MRI, magnetic resonance imaging; SP, SmartPill. .
effects of the experimental agent and endogenous
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Gastric Emptying

gastric  peptide ghrelin in treating diabetic
gastroparesis.Moreover, Asai et al. recently showed that
the fasting plasma ghrelin concentration was significantly
lower in patients with T2DM diabetes and delayed gastric
emptying than in healthy controls (no ghrelin response to
oral glucose in diabetes mellitus with gastroparesis).
Ghrelin is a hormone produced by P/D1 cells lining the
fundus of the human stomach and is linked to stimulation of
appetite. The investigators found that infusion of ghrelin
increased gastric emptying in insulin-requiring diabetic
patients with gastroparesis and that this effect was
independent of vagal tone. Cholecystokinin (CCK) and
gastrin also have been shown to be effective in treating
severely delayed gastric emptying.

Emerging therapies
management

Hyperglycaemia is widely accepted as a major determinant
of risk for the development and progression of diabetic
complications. Postprandial glucose is the major contributor
to glycated haemoglobin in fairly controlled patients, and as
stated above, people in Western societies are mostly in a
postprandial state. Moreover, postprandial glucose
fluctuation has been demonstrated to be an important
indicator of diabetes outcomes independent ofHbAlc.
Emerging evidence demonstrates a strong link between
transient postprandial hyperglycaemia, and microvascular
and macrovascular complications. Dietary approaches can
be employed to minimize postprandial glucose
concentration, such as the ingestion of fat before a
carbohydrate meal. Pharmacological interventions with
substances that modulate upper gastrointestinal motor
function could be expected to optimize glycaemic control in
diabetes.

in diabetes

New therapies have been sought that can limit glycaemic
variation; the introduction of rapid acting insulin analogues
opened up the opportunity to both improve glycaemic
control and better target post-meal glucose. More recently,
additional classes of drugs for managing diabetes have
been introduced that demonstrate significant benefits in
lowering HbAlc and reducing glycaemic variability with two
therapies, pramlintide and exenatide, which also provide

Table 2. Diabetes drugs and -candidates and their effect
gastric emptying

Drug Effect on gastric emptying
Metformin None
Sulfonylureas None
Thiazolidinedione None
Amylinomimetic Delay
GLP-1 receptor agonists (exenatide, liraglutide) Delay
Dipeptidyl peptidase-4 inhibitors (vildagliptin) None
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the additional advantage of moderate weight loss. Besides
suppressing glucagon secretion and reducing appetite,
these additional therapies also have a significant effect on
the rate of gastric emptying, which in turn enhances their
capacity to improve postprandial hyperglycaemia;Table 2.
Further, because the actions of these compounds on
gastric emptying are thought to be mediated via the vagus
nerve, they have not been shown to exacerbate gastric
delay if gastroparesis or severe gastric disease is present.

Amylin analogue: pramlintide

Amylin is a glucoregulatory peptide that is normally co-
secreted by the b-cells with insulin. Pramlintide is an amylin
analogue. It is co-administered with insulin prior to meals in
patients with diabetes and improves glycaemic control,
lowers postprandial glucose and results in body weight
reductions. Effects of pramlintide on gastric emptying
showed intra-individual variations. It is unlikely to have
effects on gastric motility if vagus nerve is severely
damaged.

Glucagon-like peptide-1 (GLP-1)

Glucagon-like peptide-1 (GLP-1) is an incretin hormone
secreted from the gut. Various approaches to reproduce the
GLP-1 effect with naturally occurring GLP-1 receptor
agonists, such as exenatide, are now available.

Exenatide (exendin-4)

Exenatide (exendin-4) is a GLP-1 receptor agonist that
shares a 53% sequence identity with GLP-1. Exenatide
exhibits many of the same effects as GLP-1, including
stimulation of pancreatic insulin production and secretion in
response to elevated levels of blood glucose, inhibition of
glucagon release following meals, deceleration of gastric
emptying, and increased satiety.

In long-term studies of patients with T2DM, exenatide
restored first-phase insulin secretion, significantly improved
HbAlc levels, reduced postprandial hyperglycaemia, and
lowered body weight. Although mild to moderate nausea
was the primary adverse event associated with exenatide,
this was mostly transient. Moreover, nausea was generally
not a causative factor in weight reduction, i.e. weight loss
was shown to be independent of the incidence of nausea.
In a placebo-controlled crossover study, exenatide slowed
dgastric emptying. Using a long acting formulation of
exenatide (exenatide once weekly), the effect on gastric
emptying was less pronounced.

Liraglutide

Liraglutide is an acylated long-acting GLP-1 derivative. This
GLP-1 analogue has been shown to possess prolonged
pharmacokinetic properties compared with the native GLP-
1. Liraglutide is modified (from native GLP-1) by means of a
single amino acid substitution and the addition of a fatty
acid moiety which results in an extended half-life of
liraglutide (approximately 14 h). Liraglutide has been
evaluated in a large clinical program and has been shown
to lower fasting glucose, HbA1C and weight. Similar to
exenatide, gastrointestinal side effects were most common.
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