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hronic conditions such as diabetes mellitus

impart a substantial health strain in Canada in
terms of economic and clinical outcomes. As the
prevalence and severity of diabetes increase with
age, the aging of the population will likely increase
the burden of diabetes to society.! The Canadian
Diabetes Association (CDA) 2008 Clinical Practice
Guidelines for the Prevention and Management
of Diabetes in Canada emphasize the importance
of optimal blood glucose, blood pressure, and
lipid control for people with diabetes in an effort
to prevent and manage the disease and its related
complications. The challenge now is to achieve that
optimal control. Ideally, this should involve the
expertise of various allied health care professionals
in a collaborative approach to guide the patient in
self-management. This can often be overwhelm-
ing for the patient, requiring numerous visits to
seek expertise regarding nutrition therapy, exercise
guidelines, home blood glucose and blood pres-
sure monitoring, and effective usage of oral agents
and insulin. This continuing education lesson will
equip pharmacists with knowledge regarding the
proper use and timely addition of oral hypogly-
cemic agents so that they may provide innovative
care and education to persons with diabetes.

e have done our best to produce an accur-

ate, timely, and educational Learning Series.
However, MediResource Inc., the sponsors, the
authors, the reviewers, and the editors assume no
responsibility for any errors or consequences aris-
ing from the use of information contained within
this program. With the constant changes in practice
and regional differences, it remains the responsibil-
ity of the readers as professionals to interpret and

pon successful completion of this continuing
education lesson, you should be able to:

* discuss the prevalence and economic burden of
diabetes

* understand the Canadian Diabetes Association
(CDA) 2008 Clinical Practice Guidelines for the
Prevention and Management of Diabetes in
Canada pertaining specifically to the pharmaco-
therapy of type 2 diabetes

* discuss the importance of timely lowering of
A1C to target levels

* distinguish between patients who should be
started on lifestyle interventions and those who
require immediate antihyperglycemic therapy

* understand the role, appropriate use, advan-
tages, and disadvantages of the various classes
of oral hypoglycemic agents

* be familiar with new agents in the pipelines of
development

apply this lesson’s information to their own practi-
ces. All rights reserved.

For this lesson, in compliance with sections 10.2
and 10.3 of the Guidelines and Criteria for CCCEP
Accreditation, the author, expert reviewers, and
MediResource Inc. report no real or potential con-
flict of interest in relation to the sponsor of the CE
lesson.
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e are in the midst of a storm! The World

Health Organization states that the number
of people with diabetes is expected to increase
alarmingly in the coming decades. In 1985, an esti-
mated 30 million people worldwide had diabetes;
in 2000, the figure had risen to over 150 million.
By 2025, the figure is expected to rise to an alarm-
ing 380 million.? The impact of diabetes is also
felt in Canada, where, in 2005, 1.8 million adult
Canadians (5.5% of the population) had diabetes
that had been diagnosed. That is an increase from
1998, when the physician-diagnosed prevalence of
diabetes in Canada was 4.8%. Researchers project
an increase of diagnosed diabetes in Canada to
2.4 million by the year 2016.> A recent study of
the prevalence of diabetes in Ontario found that
the incidence has increased substantially, and by
2005 had already exceeded the global rate that was
predicted for 2030.* All over the world, traditional
lifestyles and dietary patterns that have sustained
people over generations are disappearing. The
increasing incidence of diabetes can be attributable
not only to the aging population but to an increase
in obesity secondary to an abundant consump-
tion of energy-dense foods and a more sedentary
lifestyle.®

According to the Canadian Diabetes Associa-

tion Guidelines, “Diabetes mellitus is a metabolic
disorder characterized by the presence of hypergly-
cemia due to defective insulin secretion, defective
insulin action or both. The chronic hyperglycemia
of diabetes is associated with significant long-term
sequelae, particularly damage, dysfunction and
failure of various organs - especially the kidneys,
eyes, nerves, heart and blood vessels.”?

Controlled clinical trials, such as the Diabetes
Control and Complications Trial (DCCT)® in type
1 diabetes and the United Kingdom Prospective
Diabetes Study (UKPDS)”® and Kumamoto study’
in type 2 diabetes, have helped to establish the
glycemic goals of therapy that result in improved
long-term outcomes. These clinical trials sup-
port decreasing glycemia as an effective means of
reducing long-term microvascular complications,
including retinopathy, nephropathy, and neurop-
athy. The stated goal of therapy is to attain and
maintain blood glucose (BG) levels close to the
normal range (for those individuals in whom it is
deemed safe).

Type1and <7.0 40-7.0 5.0-10.0

Type 2 (5.0-8.0 if

Diabetes A1C target
not being
met)

Glycated hemoglobin (hemoglobin Alc, Hb,, ,
or A1C) is a laboratory test which measures the
slow, irreversible binding of glucose to the hemo-
globin molecule. It is directly proportional to the
ambient glucose concentration, and hence is a
standard measure of mean blood glucose during
the preceding 120 days (lifespan of the hemog]lo-
bin molecule). The A1C test serves as an indica-
tor of the risk of complications from diabetes and
should be measured every 3 months to ensure that
glycemic goals are being met." The most recent
A1C goal recommended by the Canadian Diabetes
Association (CDA) is a value £7.0%. An A1C level
of 4.0-6.0% is considered the non-diabetic range,
but the 7.0% goal was selected as a realistic, achiev-
able target that would produce a suitable estimated
reduction in complications over time.

The glycemic targets recommended for most
patients with type 1 and type 2 diabetes (non-preg-
nant, age >12) are listed in Table 1.

Clinical judgment is required to determine
which people can reasonably and safely achieve
these targets, as some patients may require more
lenient goals. Treatment goals and strategies must
be tailored to the patient, with consideration given
to individual risk factors (e.g., the patient’s age,
prognosis, level of glycemic control, duration of
diabetes, the presence of diabetes complications
or comorbidities, and their risk for and ability to
perceive hypoglycemia).?

o understand the basis for pharmacologic

therapy in type 2 diabetes, it is important for
pharmacists to understand the natural history of
type 2 diabetes. Type 2 diabetes is a progressive
disorder characterized by an initial phase of insulin
resistance that requires a compensatory increase in
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insulin secretion to maintain euglycemia. Insu-

lin resistance, however, cannot by itself result

in diabetes. Type 2 diabetes will develop when

the insulin resistance is associated with abnor-

mal beta-cell function, which is considered a key
pathophysiologic abnormality. Progressive loss

of beta cell function appears to begin years before
the clinical diagnosis and, given the presence of
insulin resistance, results in a state of “relative”
insulin deficiency which results in hyperglycemia."
It is at this stage that impaired glucose tolerance
and impaired fasting glucose may be present. With
worsening pancreatic dysfunction and the inabil-
ity to compensate fully for the degree of insulin
resistance, clinically overt type 2 diabetes becomes
present. (Figure 1) The United Kingdom Prospect-
ive Diabetes Study (UKPDS) demonstrated that
progressive beta cell failure will continue in all
treatment groups regardless of initial therapy. Typ-
ically, beta cell function has already been reduced
to approximately 50% at the diagnosis of type 2

Metabalic Syndrome: Disease Management
Fre-Diabetes

Postmeal glucose
Plasma
Glucose
126 mg/dL Fasting glucose
T T T T ¥ J
Insulin resistance
Relative
E\'ce!l Insulin secretion
Function

] 10 20 30
Years of Diabetes

(note 126 mg/dL = 7.0 mmol/L)
Reproduced from Cefalu W, New Options in Exogenous Insulin Therapy,
www.diabetesroundtable.com/courses/update/options.asp.

Criteria for advancing to next stage?
A1C not at target: < 7.0%

100
c 75 | el MonoTherapy
2 T -, . .
B e / Combination
é T 60 e ® Oral Therapy
3 e,
o IGT Post- |Type2 | "
& 26 prandial |Diabete o
Hyper- |Phase | DT' yge'z e
i lapeles
0 glycemia Phase Il
r r 1 T T T
12 10 -6 -2 0 2 ] 10 14

Years From Diagnosis

Reproduced from Cefalu W, New Options in Exogenous Insulin Therapy,
www.diabetesroundtable.com/courses/update/options.asp.

diabetes and will continue to decline over the life
of the patient.'? (See Figure 2.)

The Canadian Diabetes Association (CDA) 2008
Clinical Practice Guidelines for the Prevention and
Management of Diabetes in Canada include a sec-
tion dedicated to pharmacologic management of
type 2 diabetes. The key messages of this chapter
are:

1. If glycemic targets are not achieved within 2 to 3
months of lifestyle management (nutrition ther-
apy and exercise recommendations), antihyper-
glycemic pharmacotherapy should be initiated.

2. Timely adjustments to and/or additions of anti-
hyperglycemic agents should be made to attain
target A1C within 6 to 12 months.

3. In patients with marked hyperglycemia (A1C 2
9.0%), antihyperglycemic agents should be initi-
ated concomitantly with lifestyle management,
and consideration should be given to either
initiating combination therapy with 2 agents or
initiating insulin.’

For patients with severe hyperglycemia (i.e.,
A1C 29.0%), a combination of agents and/or
insulin is usually required to reach the target A1C
of £7.0%, and clinicians should not wait to assess
the impact of lifestyle interventions before adding
pharmacologic therapy. This is because nutrition
therapy can reduce A1C by 1-2% and this alone
is not sufficient to reduce severe hyperglycemia
(>9.0%) to target.® At diagnosis, many patients will
already have had the disease for some time and
may present with microvascular and/or macro-
vascular complications. Because even short-term
hyperglycemia can cause vascular damage, timely
adjustments to and/or additions of oral hypogly-
cemic agents should be made to achieve target
A1C levels within 6 to 12 months. (See Figure 3.)
Furthermore, since type 2 diabetes is associated
with progressive decline of pancreatic beta-cell
function, a patient who was previously controlled
will likely experience a loss of glycemic control
despite continued adherence to current therapy. It
is for this reason that treatment must be dynamic
and there must be timely addition or adjustment
of therapy. Achieving target values requires hard
work and perseverance - a real team effort is
required in which the person with diabetes under-
takes an active role in self-management.**

Unfortunately, it is reported that current treat-
ment practice fails to keep pace with disease
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Clinical assessment

Lifestyle intervention (initiation of nutrition therapy and physical activity)

Symptomatic hyperglycemia

< O, > O,
AIC <9.0% AIC 29.0% with metabolic decompensation
Initiate Initiate pharmacotherapy immediately without Initiate insulin
metformin waiting for effect from lifestyle interventions: £ metformin
| « Consider initiating metformin concurrently
with another agent from a different class; or
* Initiate insulin
F el If not at target K03
Class A1C | Hypoglycemia Other advantages Other disadvantages
Alpha-glucosidase ! Rare Improved postprandial control |Gl side effects
inhibitor Weight neutral
S Incretin agent: Improved postprandial control
DPP-4 inhibitor Jtoll Rare Weight neutral New agent (unknown long-term safety)
Insulin 1l Yes No dose ceiling Weight gain
Many types, flexible regimens
T Insulin secretagogue:
Meglitinide ltoll Yes* Improved postprandial control |Requires TID to QID dosing
Sulfonylurea 1l Yes Newer sulfonylureas (gliclazide, | Weight gain
glimepiride) are associated with
Y less hypoglycemia than glyburide
TZD 1l Rare Durable monotherapy Requires 6—12 weeks for maximal effect
Weight gain
Edema, rare CHF, rare fractures in females
L Weight loss agent l None Weight loss Gl side effects (orlistat)
Increased heart rate/BP (sibutramine)

If not at target

* Add another drug from a different class; or
* Add bedtime basal insulin to other agent(s); or

* Intensify insulin regimen

Timely adjustments to and/or addition of antihyperglycemic agents
should be made to attain target A1C within 6 to 12 months

A1C = glycated hemoglobin
BP = blood pressure
CHF = congestive heart failure

DPP-4 = dipeptidyl peptidase-4
Gl = gastrointestinal
TZD = thiazolidinedione

1= <1.0% decrease in A1C
11=1.0-2.0% decrease in A1C
11{= >2.0% decrease in A1C

Note: Physicians should refer to the most recent edition of the Compendium of Pharmaceuticals and Specialties (Canadian
Pharmacists Association, Ottawa, Ontario, Canada) for product monographs and for detailed prescribing information

*Less hypoglycemia in the context of missed meals

Reproduced from Can J Diabetes. 2008; 32 (suppl 1); S1-S201
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progression, and near-normal glucose levels are
rarely achieved. Often, clinical inertia occurs as
providers fail to intensify management despite
inadequate glycemic control.

It is worth noting that, in general, as A1C levels
decrease toward normal levels (<7.3%), post-
prandial BG control assumes greater importance
for further A1C reduction.” This is an important
fact to consider when a patient in your pharmacy
inquires as to the best time to test his/her blood
sugar. If their A1C is considerably elevated, pre-
prandial testing should be suggested, but if their
A1C is marginally elevated (<7.3%), postprandial

testing may be of greater benefit for A1C reduction.

(Figure 4)

The pathophysiology that defines type 2 diabetes
involves a variety of dysfunctions: insulin resist-
ance, defective insulin secretion, and excessive
hepatic glucose release. Correspondingly, oral
antihyperglycemic medications can be divided into
5 groups by their mode of action:

* agents that reduce peripheral tissue insulin
resistance (thiazolidinediones)

* agents that reduce glucose production by the
liver (biguanides)

* agents that stimulate the pancreas to release
more insulin (sulphonylureas and meglitinides)

* agents that slow the digestion of complex sugars

and therefore decrease the rise in glucose (alpha-
glucosidase inhibitors)

* agents that stimulate insulin secretion in a
glucose-dependent fashion, inhibit glucagon
secretion, and slow gastric emptying (incretin
mimetics and DPP-4 inhibitors)

There is a vast selection of different medica-
tions available to achieve glycemic targets, and one
consider a number of factors when selecting the
treatment regimen for an individual with diabetes.
These include the person’s degree of hypergly-
cemia, the properties of the antihyperglycemic
agents (effectiveness in lowering BG, durability of
glycemic control, side effects, contraindications,
risk of hypoglycemia), the presence of diabetes
comorbidities, and the patient’s ability to adhere to
the regimen.® Unfortunately, the patient’s ability to
pay is also a determining factor in agent selection.
Figure 3 outlines the advantages and disadvanta-
ges of each of the available classes of OHAs (oral
hypoglycemic agents) with respect to efficacy,
hypoglycemia, and tolerability. Each agent will be
discussed in greater detail within the next section.

The guidelines state that in general, oral
hypoglycemic agent monotherapy will lead to
a decrease in A1C of between 0.5% and 1.5%,
depending on the agent used and the baseline A1C.
Typically, the higher the baseline A1C, the greater
the A1C reduction one can expect from the addi-
tion of each oral agent.’ If glycemic targets are not
achieved with a single OHA, it can be combined
with another agent from one or more other classes.
In fact, the initial use of combinations of less than
maximum dosages of different OHAs produces
more rapid and greater glycemic control than the
maximum dosage of any one agent. These bene-
fits occur without a substantial increase in side
effects.”” When considering combination therapy
(with or without insulin), the guidelines state that
the agents selected should be from classes of agents
that have different mechanisms of action.?

There is debate over which agent should be used
initially and which agent should be added sequen-
tially to achieve target A1C level. It seems as if the
issue of how to reach glycemic targets may be less
important than the need to achieve that target. It is
well established that metformin should be recom-
mended as the initial agent in most patients based
on its effectiveness in lowering BG, its relatively
mild side effect profile, and its demonstrated
benefit in overweight patients. According to the
guidelines, monotherapy with an insulin sensi-
tizer (thiazolidinedione) produces more long-
lasting glycemic control compared to metformin
or sulfonylurea therapy, but the edema, weight
gain, small risk of congestive heart failure (CHF),
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increased risk of fractures in women, and inconsis-
tent data regarding cardiovascular outcomes offset
the potential for this class to be recommended as
first-line therapy.?

Alpha-glucosidase inhibitors reversibly block

a number of alpha-glucosidase enzymes (e.g.,
maltase), consequently delaying the absorption

of sugars from the gut. By doing so, they reduce
both postprandial glucose and insulin levels. They
are less effective in lowering glycemia than met-
formin or the sulfonylureas, reducing A1C levels
by a modest 0.5-0.8%.'%" There are no major safety
considerations with acarbose, but there are sig-
nificant tolerability issues. These effects are due to
the agent’s direct effects in the intestines, where
they competitively inhibit the enzymes responsible
for the conversion of complex sugars into simple
sugars, thereby shunting some of the partially
digested carbohydrate into the large bowel, where
it is fermented to gases and short chain fatty acids.
Bloating, abdominal discomfort, diarrhea, and
flatulence occur in approximately 20% of patients
who take this agent.”” Hypoglycemia is not a major
concern with this agent when used in monother-
apy. It is also considered to be weight neutral or
associated with very modest weight loss.?

In order to be effective, these agents must be
taken with the first bite of food. The best way to
minimize the adverse effects of acarbose is to initi-
ate it at minimal dosages and gradually increase
the amount as tolerance improves in a week or
so. For example, a patient can be instructed to
start with half of the smallest tablet with one meal
per day, then at each meal, and then increase the
dosage until blood glucose is at target. An effective
way to engage patients in self-management is to
instruct them to test both pre- and postprandial
blood sugar. Start with one meal per day. By
aiming for an appropriate rise in blood glucose
following a meal (2.0-4.0 mmol/L), patients can
quickly determine if acarbose is helping and what
the correct dosage should be. Although adverse
effects tend to decrease over time, the person with
pre-existing digestive problems needs to take spe-
cial care. Because the digestion of sugar, fruit, and
juice is delayed by acarbose, the person who adds
a secretagogue or insulin to the regimen must treat
hypoglycemia with glucose (dextrose) tablets or, if
glucose is unavailable, milk or honey.?

Acarbose should be initiated at a dose of 50 mg
once daily, with the first bite of a meal. Increase

to 50 mg BID and then TID (titrate over 1-2 weeks
if needed), based on 2-hour postprandial glucose
levels and tolerance. Once a maintenance dosage of
50 mg TID is achieved, some patients may benefit
from further increasing the dosage to 100 mg TID
after 4-8 weeks of therapy. Maximum dosage rec-
ommended is 100 mg TID.?

When educating patients regarding the mechan-
ism of action of acarbose, a simple analogy can be
made as follows: “ Acarbose can be compared to
a turnstile in an arena. Just as the turnstile allows
only one person to enter at a time, acarbose allows
a limited amount of carbohydrate to be digested at
a time.”"

Metformin is the only biguanide available world-
wide. It is available both as a single-entity medica-
tion (Glucophage, Glumetza) and as a combination
pill (Avandamet [rosiglitazone/metformin] and
Janumet [sitagliptin/ metformin]) in Canada.

It is well tolerated with no major safety issues.

Its primary effect is to decrease hepatic glucose
output and lower fasting blood glucose. Typically,
metformin monotherapy will lower A1C levels

by approximately 1.5%; hence, it has been recom-
mended as the preferred first-line oral agent by the
authors of the 2008 CDA guidelines.> Metformin
monotherapy is not usually accompanied by hypo-
glycemia. One of the major benefits of metformin is
weight stability or modest weight loss, in contrast
with many of the other blood-glucose-lowering
medications.

Metformin is generally safe; however, the use of
metformin has been associated with the develop-
ment of lactic acidosis, a rare but serious condition
with a case fatality rate of up to 50%. Therefore, the
list of contraindications and precautionary condi-
tions for the use of metformin is extensive and pri-
marily includes CHF, renal or hepatic insufficiency,
co-existing acidosis, and the use of iodinated con-
trast. Studies have revealed that contraindications
to the use of metformin are ignored in a significant
number of patients. This could reflect physicians’
general lack of awareness of the prescribing guide-
lines or perhaps due to the fact that many phys-
icians believe that the benefits associated with the
use of metformin far outweigh the minor risks in
the presence of underlying CHF or renal or hepatic
insufficiency.”

Guidelines regarding the dose of metformin
according to eGFR (estimated glomerular filtration
rate) are as follows:

Action should be taken as outlined below if the
eGFR is abnormal on 2 consecutive results at least 6
weeks apart:

Pharmacologic Management of Type 2 Diabetes
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* eGFR > 50: no need to alter metformin

* eGFR 30-50: reduce metformin dose to 500 mg
BID

* eGFR <30: stop metformin®

While clinical trial and real-life experience
have shown this agent to be quite safe, there are
considerable tolerability issues for some patients.
Approximately 10-15% of patients taking met-
formin will experience abdominal discomfort,
anorexia, bloating, and/or diarrhea.”® To minimize
GI upset, it can be effective to advise the patient to
start with a low dose (250 mg, or 2 of a 500 mg tab)
and instruct them to take it once daily at the largest
meal and increase the dose by 250 mg (' tab) every
4-7 days as tolerated, until the desired dosage as
prescribed by the physician is attained. If gastro-
intestinal side effects appear as doses advance,
decrease to previous lower dose and try to advance
the dose at a later time.

Vitamin B, , deficiency is reported as a conse-
quence of metformin therapy. Patients should be
advised to have their vitamin B, level monitored,
as this is not routinely done by many family phys-
icians.?

Initiate at 250-500 mg with a meal and titrate as
tolerated or needed to a maximum of 2.5 grams/
day. There appears to be minimal clinical bene-
fit in increasing the dose beyond 2000 mg per
day.” Adherence may be improved if patients are
advised to take metformin twice daily (2 at break-
fast and 2 at supper) instead of 1 tablet 4 times
daily.

When educating patients with regards to the
mechanism of action of metformin, a simple
analogy is as follows: “In type 2 diabetes, the liver
‘leaks” excess glucose, much like a faulty tap leaks
water. Metformin can be compared to a wrench
that ‘turns off’ the ‘leaky liver.””?

Incretin hormones such as GLP-1 (glucagon-like
peptide-1) and GIP (glucose-dependent insulino-
tropic polypeptide) are endogenous hormones that
are released from the intestine in response to food.
They help regulate blood glucose via effects on the
GI tract, endocrine glands, and the central nerv-
ous system. Actions of incretin hormones include
glucose-dependent stimulation of insulin secre-
tion, suppression of glucagon secretion, reduc-
tion of appetite, and delay of food absorption.?’
Unfortunately, our bodies destroy GLP-1 within a
few minutes. The enzyme that destroys GLP-1 is
called dipeptidyl-peptidase 4 (DPP-4), and intense
research is underway to determine ways to disable

the enzyme so that GLP-1 can do its job for longer
periods of time.

With the aim of enhancing and prolonging the
actions of the endogenous incretin hormones, vari-
ous incretin therapies have been investigated for
the treatment of type 2 diabetes. Agents studied
can be broadly grouped into 2 major subcategories
and they work through 2 distinct but related mech-
anisms. The GLP-1 receptor agonists (e.g., liraglu-
tide, exenatide) mimic the actions of endogenous
GLP-1. Exenatide is a GLP-1 mimetic, while liraglu-
tide is a GLP-1 analogue. DPP-4 inhibitors (e.g.,
saxagliptin, sitagliptin, vildagliptin) work through
the inhibition of the enzyme DPP-4, responsible for
breakdown of native GLP-1. These agents are an
important addition to the diabetes treatment para-
digm because they target physiologic defects not
addressed by other medications and are not associ-
ated with hypoglycemia or weight gain. Incretin
mimetics such as exenatide (Byetta) and liraglutide
(Victoza) are under development and will be dis-
cussed in greater detail in Section 3.8.%

Sitagliptin (Januvia) belongs to a new class of oral
anti-hyperglycemic known as a DPP-4 inhibitor

or incretin enhancer, used for the treatment of

type 2 diabetes. The primary advantage of this
approach to prolonging the effects of GLP-1 is that
DPP-4 inhibitors can be given orally. Sitagliptin
prevents the hydrolysis of incretin hormones by
DPP-4, thereby increasing plasma concentrations of
the active forms of GLP-1 and GIP. By enhancing
active incretin levels, sitagliptin increases insulin
release and decreases glucagon levels in a glucose-
dependent manner. In patients with type 2 diabetes
with hyperglycemia, these changes in insulin and
glucagon levels lead to lower fasting and post-
prandial glucose and hence lower hemoglobin
Al1CH

A Cochrane Review in 2008 of 11 studies (12-52
weeks), including over 6000 patients, found sit-
aglipitin reduced A1C levels by an average of 0.7%,
with similar efficacy to monotherapy or add-on
therapy.** Sitagliptin is considered to be weight
neutral; no clinically significant increase in weight
has been observed. Hypoglycemia is uncommon
with sitagliptin, as its effects are evident only in the
presence of glucose.

Sitagliptin is approved for use in Canada as
add-on therapy to metformin. Clinical studies have
shown improvement in beta-cell function, sug-
gesting a potential for preservation of beta-cells.**

Sitagliptin is dosed at 100 mg daily. It may be taken
with or without food.
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In October 2009, a combination product con-
taining sitagliptin and metformin (Janumet)
received its Notice of Compliance and is now avail-
able. It is recommended that the dosage of Janu-
met be individualized on the basis of the patient’s
current regimen, effectiveness, and tolerability
while not exceeding the maximum recommended
daily dose of 100 mg sitagliptin and 2,000 mg met-
formin. Janumet should generally be given twice
daily with meals, with gradual dose escalation,
to reduce the gastrointestinal side effects due to
metformin.® Janumet is available in two strengths:
50 mg/500 mg and 50 mg/1000 mg (sitagliptin/
metformin).

In November 2009, Health Canada approved
another DPP-4 inhibitor, saxagliptin (Onglyza).
Onglyza is indicated for patients with type 2 dia-
betes to improve glycemic control in combination
with metformin or a sulfonylurea when met-
formin or the sulfonylurea used alone, with diet
and exercise, does not provide adequate glycemic
control. It is available as a once-daily tablet (5 mg).
Safety analyses reveal that the most common
adverse events reported with saxagliptin include
nasopharyngitis, bronchitis, and urinary tract infec-
tion.* Other drugs in this class are currently under
development and include vildagliptin (Galvus),
linagliptin, and alogliptin.?”

Insulin allows glucose to enter the cells and inhib-
its the conversion of glycogen, fat, and protein into
glucose. Endogenous insulin is secreted in two
ways: a small continuous basal flow to balance the
release of glycogen from the liver during fasting,
and bolus amounts in response to rising blood
glucose after food intake. The purpose of insulin
therapy is either to replace the person’s endogen-
ous insulin completely (type 1 diabetes) or to
supplement it in order to maintain blood glucose
within appropriate targets (type 2 diabetes).

There is no question that insulin initiation is
time consuming and requires extensive initial and
ongoing education for the patient. It requires new
information and a new skill set, as well as the abil-
ity to problem-solve and self-manage. Information
provided includes how to care for and use insulin;
prevention, recognition, and treatment of hypo-
glycemia; sick-day management; self-monitoring
of blood glucose; and adjustments for food intake
(carbohydrate counting) and variable physical
activity.?

In patients with marked hyperglycemia (A1C
29.0%), initiation of insulin is an effective rec-
ommendation. It may also be used if oral hypo-
glycemic agents (OHAs) are contraindicated or
ineffective as well as for temporary use during

pregnancy, illness, a medical procedure, or sur-
gery. The guidelines state that when insulin is
added to OHAs, a single injection of NPH, glar-
gine, or detemir may be used. This approach may
result in better glycemic control with a smaller
dose of insulin and may induce less weight gain
and less hypoglycemia than that seen when oral
agents are stopped and insulin is used alone.?
Historically, physicians did not routinely recom-
mend insulin for type 2 diabetes until complica-
tions appeared. Unfortunately, patients were often
threatened with being “put on the needle” if they
did not do as they were told. As a result, insulin
was often viewed as a form of punishment or a
“last resort.” Today, many physicians prefer to
initiate insulin earlier rather than later to minimize
exposure to hyperglycemia and its ensuing com-
plications. In fact, lessons learned from UKPDS
indicate that newly diagnosed patients with type

2 diabetes already have lost approximately 50% of
their beta-cell function and despite treatment with
diet, metformin, or sulfonylureas, this loss will con-
tinue at an approximate rate of 4-5% per year.*®

It is important to promote insulin in a positive
way and to discuss insulin as a treatment option.
Patients need to know that they may eventually
require insulin therapy to complement their pro-
gressively diminishing endogenous supply. Insulin
therapy can easily be equated to vitamin supple-
ments in the sense that it “corrects a deficiency.”

When a patient is presented with the benefits of
insulin, witnesses the ease of injections with new
insulin pens, and understands that it is a natural
progression of type 2 diabetes rather than instilling
blame, he or she may well be in favour of starting
this therapy when the time comes.

When educating patients with regard to the
actions of insulin, a simple analogy that can be
made is as follows: “Insulin works like a key to
open the locks on the cell doors (receptors) to allow
sugar (glucose) to enter the cell where it can be
used to create energy.”

Education surrounding the vast variety of insu-
lins and regimes available to health care providers
is extensive and deserving of a separate continuing
education module, hence they will not be discussed
in greater detail within the scope of this lesson.

Sulfonylureas were the first oral agents introduced
for the treatment of type 2 diabetes and have been
used for approximately 50 years.*® Agents in this
class include gliclazide (Diamicron), glimepiride
(Amaryl), and glyburide (Diabeta, Euglucon). In
addition to single-entity medication, a combination

Pharmacologic Management of Type 2 Diabetes
All material ©2010 MediResource Inc.

1



pill containing both rosiglitazone and glimepiride
(Avandaryl) is available. Sulfonylureas are con-
sidered to be second-line therapy according to the
2008 CDA Guidelines. They lower blood glucose
by enhancing insulin secretion, regardless of blood
glucose level. Due to this mechanism of action,
they are associated with the most significant risk of
hypoglycemia among the OHAs. Within the class,
there are also differences in the likelihood of hypo-
glycemia, with glyburide having the highest risk,
glimepiride a more moderate risk, and gliclazide

a minimal-to-moderate risk.’ The higher risk for
hypoglycemia with glyburide might be due to its
time-activity profile.** This refers to the fact that
glyburide has a longer duration of binding to the
sulfonylurea receptor in the pancreas than other
drugs in its class. The result is a higher degree of
fasting hyperinsulinemia than with other sulfonyl-
ureas. Glimepiride and gliclazide are thought to

be more glucose-sensitive in their stimulation of
insulin secretion.** Sulfonylureas are also known to
lead to weight gain. This is particularly true of gly-
buride, although both glimepiride and gliclazide
are known to cause weight gain as well. In terms
of efficacy, they are similar to metformin, lowering
A1C levels by approximately 1.5%. Although the
onset of the glucose-lowering effect of sulfonylurea
monotherapy is relatively rapid compared with, for
example, the thiazolidinediones (TZDs), mainten-
ance of glycemic targets over time is not as good as
monotherapy with a TZD or metformin.** Consider
using other classes for those at high risk for hypo-
glycemia (e.g., the elderly), but if a sulfonylurea
must be used for such individuals, gliclazide and
glimepiride are best.

Glyburide (Diabeta): Initial dose should be 2.5 mg
or 5.0 mg once daily and titrated to a maximum of
10 mg BID, given prior to breakfast and supper.

Gliclazide (Diamicron): Initial dose for Diami-
cron should be 80 mg daily and titrated biweekly
to a maximum of 160 mg BID. Initial dose for
Diamicron MR 30 should be 30-60 mg once daily
at breakfast and titrated to a maximum of 120 mg
once daily.

Glimepiride (Amaryl): Initial dose should
be 1 mg with breakfast or the first main meal of
the day. The usual maintenance dose is 1-4 mg
once daily. After reaching a dose of 2 mg, dosage
increases should be made in increments of no more
than 1 mg at 1- to 2-week intervals based on the
patient’s blood glucose response. The maximum
recommended dose is 8 mg once daily.*

Like the sulfonylureas, the meglitinides (repag-
linide [GlucoNorm], nateglinide [Starlix]) stimulate
insulin secretion, although they bind to a different
site within the sulfonylurea receptor.* Unlike sul-
fonylureas, repaglinide and nateglinide stimulate
first-phase insulin release in a glucose-sensitive
manner. They effectively deliver an early transient
“burst” of insulin at the initiation of a meal. This
early insulin release may more rapidly suppress
hepatic glucose production and reduce the stimu-
lus for additional insulin required subsequently to
dispose of a larger glucose load. In addition, the
pattern of insulin stimulation, essentially a more
rapid onset and shorter duration, will reduce the
risk for postabsorptive hypoglycemia and limit
exposure to hyperinsulinemia.*

Meglitinides have a shorter circulating half-life
than the sulfonylureas and, as a result, must be
administered more frequently. Of the two meg-
litinides currently available in Canada, repaglinide
(GlucoNorm) is almost as effective as metformin
or the sulfonylureas, decreasing A1C levels by
approximately 1.5%. Nateglinide (Starlix) is some-
what less effective in lowering A1C than repag-
linide and yields a reduction in A1C in the region
of 1%. The risk of weight gain is similar to that for
the sulfonylureas, but nateglinide and repaglinide
are associated with less hypoglycemia in the con-
text of missed meals.?

Nateglinide (Starlix): Recommended dosage is
180 mg BID to 180 mg TID, taken 1 to 30 minutes
before meals.

Repaglinide (Gluconorm): Recommended
dosage is 0.5 mg to 4 mg, 1 to 30 minutes before
each meal to a maximum of 16 mg per day. Dosage
is usually titrated to achieve target postprandial
blood glucose of <10.0 mmol.

When educating patients regarding the mech-
anism of action of sulfonylureas or meglitinides,

a simple analogy can be made as follows: “These
medications stimulate the pancreas to produce
more insulin, similar to wringing out a damp
washcloth until drops of water are produced.”
Another simple analogy can be made by explaining
that these medications work like “personal train-
ers” to help whip the “pooped out” pancreas into
releasing more insulin.

Thiazolidinediones (TZDs or glitazones) are
peroxisome-proliferator-activated receptor gamma
modulators; they increase the sensitivity of
muscle, fat, and liver to endogenous and exogen-
ous insulin (“insulin sensitizers”).* Two single-
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entity agents are available in Canada, pioglitazone
(Actos) and rosiglitazone (Avandia), as well as

a combination pill containing rosiglitazone and
metformin (Avandamet) and rosiglitazone and
glimepiride (Avandaryl). TZDs appear to lower
A1C by approximately 1.5%, which is similar to
metformin and sulfonylureas. There is data to
suggest that they have a more durable effect on
glycemic control, particularly when compared to
sulfonylureas.*? There is negligible risk of hypo-
glycemia with TZDs in monotherapy.? TZDs are
recommended as a second- or third-line agent for
patients not at goal on monotherapy or as com-
bination therapy to produce a more rapid and
sustained glycemic effect. Unfortunately, these
agents have been associated with significant safety
concerns. These include edema, weight gain, risk
of congestive heart failure (rare), increased risk of
fractures in women (rare), and possible increased
overall cardiovascular risk. The most common
adverse effects with TZDs are weight gain and
fluid retention, with peripheral edema and a two-
fold increased risk for congestive heart failure.*

Although blood glucose levels may decrease in
4-8 weeks, a response may not be evident for 8-12
weeks when TZDs reach their maximum effect. The
combination of insulin and an insulin sensitizer has
not been approved in Canada, although it is often
used together in other countries.*” Many practition-
ers find dual therapy helpful, particularly in cases
of severe insulin resistance; however, they must
monitor the patient carefully. If a TZD is added
to insulin therapy (an unapproved indication),
the person generally needs to decrease the insulin
dosage by 10-20% after one week, and may be able
to reduce it further if FBG is <7.0 mmol /L.

TZDs have beneficial clinical effects beyond
lowering blood glucose, including a positive influ-
ence on some cardiovascular parameters, such as
HDL, TC/HDL profiles, blood pressure, inflamma-
tory biomarkers, endothelial function, and fibrino-
lytic status.*®

The big question that has concerned phys-
icians and their patients of late is the relation-
ship between TZDs, specifically rosiglitazone,
and the risk of cardiovascular disease and death.
This controversy started in May of 2007, when a
meta-analysis was reported in the New England
Journal by Dr. Steven Nissen, a clinical cardiologist
from the Cleveland Clinic.”’ This article identified
potential concerns about rosiglitazone and its risk
for myocardial infarction in cardiovascular disease.
Subsequently, it has been shown that the Nissen
meta-analysis was flawed, due to a variety of
reasons. Four large randomized controlled clinical
trials (RECORD, ADVANCE, VADT, ACCORD),
meta-analyses, and epidemiological cohort studies

have not shown any signals or statistically signifi-
cant outcomes for TZDs and myocardial infarctions
or cardiovascular death.®® Controversy regarding
the cardiovascular safety of TZDs still exist, as
highlighted in a recent Medical Post Article in Sep-
tember of this year.”

Pioglitazone (Actos): Initial recommended dosage
is 15-30 mg once daily without regard to meals.
Dose may be titrated by 15 mg every 12 weeks to a
maximum of 45 mg once daily.*

Rosiglitazole (Avandia): Recommended
dosage is 4 mg once daily or divided doses BID. If
response is inadequate after 8-12 weeks, the dose
may be increased to 8 mg daily (or divided BID).
The dose of Avandia in combination with a sul-
fonylurea should not exceed 4 mg daily.”

When educating patients regarding the mech-
anism of action of TZDs on the insulin receptors
in the muscle, liver, and fat cells, it can simply
be explained as follows: “In type 2 diabetes, the
locks on the cell doors that allow glucose to enter
become ‘rusty.” TZDs can be compared to WD-40,
which ‘lubricates’ the rusty locks (receptors) on the
cell doors, and allows the insulin (key) to open the
door and move glucose into the cell.”

Obesity is the result of energy intake exceed-

ing energy expenditure. Obesity can contribute

to insulin resistance; hence, a reduction in body
weight can increase the body’s sensitivity to insulin
production or administration. A 5-10% loss of
body weight can substantially improve metabolic
values, such as blood glucose, blood pressure, and
lipid concentrations.*

Currently available prescription drugs for man-
aging obesity reduce weight by decreasing dietary
fat absorption (orlistat) or inducing satiety (sibutra-
mine).

Xenical acts locally to inhibit GI lipases, blocking
the absorption of approximately 30% of dietary fat.
It is indicated for obesity management, including
weight loss and weight maintenance, when used in
conjunction with a reduced-calorie diet. Xenical is
also indicated to reduce the risk of weight regain
after prior weight loss. It is indicated for obese
patients with an initial body mass index (BMI) of
>30 kg/m?, or >27 kg/m? in the presence of other
risk factors, such as type 2 diabetes, hypertension,
and dyslipidemia.®

BMI (body mass index) is defined as the indi-
vidual’s body weight (in kilograms) divided by
the square of his or her height (in metres). BMI is a
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useful tool to estimate a healthy body weight based
on a person’s height. People are classified as being
underweight, overweight, or obese.

When taking Xenical, patients should be advised
to take a multivitamin supplement containing fat-
soluble vitamins to ensure adequate nutrition. This
is because Xenical has been shown to reduce the
absorption of some fat-soluble vitamins, includ-
ing beta-carotene, and because the levels of some
fat-soluble vitamins and beta-carotene may be low
in obese patients compared to non-obese patients.”
The supplement should be taken once a day at least
2 hours before or after administration of Xenical,
for example at bedtime. Unfortunately, many
patients taking Xenical experience increased flatu-
lence with discharge or uncontrolled oily leakage
when eating fatty food.

The recommended dose of Xenical is one 120 mg
capsule 3 times a day, once with each main meal
containing fat (during or up to 1 hour after the
meal). The patient should be on a nutritionally bal-
anced, reduced-calorie diet that contains approxi-
mately 30% of calories from fat. The daily intake
of fat, carbohydrate, and protein should be distrib-
uted over 3 main meals. If a meal is occasionally
missed or contains no fat, the dose of Xenical can
be omitted. Doses above 120 mg 3 times a day have
not been shown to provide additional benefit.

Sibutramine acts as a reuptake inhibitor of both
norepinephrine and serotonin to regulate satiety.®
It is indicated for the management of obesity,
including weight loss and maintenance of weight
loss, and should be used in conjunction with a
reduced-calorie diet. Sibutramine is recommended
for obese patients with an initial body mass index
>30 kg/m?, or = 27 kg/m? in the presence of other
risk factors (e.g., diabetes, dyslipidemia, controlled
hypertension).

The recommended starting dose of sibutramine

is 10 mg administered once daily with or without
food. If there is inadequate weight loss, the dose
may be titrated after 4 weeks to a total of 15 mg
once daily. The 5 mg dose should be reserved for
patients who do not tolerate the 10 mg dose. Blood
pressure and heart rate changes should be taken
into account when making decisions regarding
dose titration. Doses above 15 mg daily are not
recommended.” Sibutramine is contraindicated in
patients with a history of coronary artery disease,
congestive heart failure, arrhythmias, or cere-
brovascular disease (stroke or transient ischemic

attack [TIA]). It is also contraindicated in patients
with inadequately controlled (BP>145/90 mmHg)
or unstable hypertension.*®

Cases of life-threatening serotonin syndrome
have occurred during combined use of sibutra-
mine and SSRIs, SNRIs, and triptans. If concomi-
tant use of sibutramine and SSRIs (citalopram,
escitalopram, fluoxetine, fluvoxamine, paroxetine,
sertraline) and SNRIs (desvenlafaxine, duloxetine,
venlafaxine) is clinically warranted, then careful
monitoring of the patient is advised.*®

Glucagon-like peptide-1 (GLP-1), a naturally occur-
ring peptide produced by the I-cells of the small
intestine, has multiple effects to control hypergly-
cemia. These include the following effects on the
following organs:

* intestine: slowing gastric emptying and promot-
ing satiety

* liver: inhibiting glucagon secretion and hepatic
glucose production

* pancreas: augmentation of glucose-induced
insulin secretion, increased insulin biosynthesis,
and promotion of beta-cell differentiation

* adipose and muscle tissue: improving glucose
uptake®

Unfortunately, naturally occurring GLP-1 has an
extremely short half-life, as it is inactivated within
minutes by DPP-4. One way to get around the
problem of DPP-4 is to administer a form of GLP-1
that is resistant to destruction. Such forms of GLP-1
have already been found in an unexpected source:
the poisonous saliva of the Gila monster lizard. The
Gila monster eats four times a year, and at these
times, a GLP-1, exendin-4, is released to “turn the
pancreas on.”® GLP-1 (called exendin-4) from these
reptiles has a few distinct differences from the form
found in humans, one consequence of which is
immunity to DPP-4.

Synthetic exendin-4 (exenatide [Byetta]), a
GLP-1 mimetic, was approved for use in the US
in 2005 and although there is less published data
on this new compound than the other blood-
glucose-lowering medications, exenatide appears
to lower A1C levels by 0.5-1.0%.%* Exenatide also
suppresses glucagon secretion and slows gastric
motility. It is not associated with hypoglycemia
but can cause gastrointestinal disturbances such as
nausea, vomiting, or diarrhea. These side effects
tend to abate over time. One of the unique benefits
of exenatide is that it is associated with significant
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and sustained weight loss.®? There have been news
reports of nondiabetic individuals using exenatide
off-label to lose weight. This has caused concerns
regarding the safe use of exenatide, since the drug
has not been studied for weight loss.®® The initial
dose of exenatide is 5 pg twice daily, within 60
minutes before the morning and evening meal. It
should not be administered after a meal. After one
month of therapy, if adequate glycemic control has
not been achieved, the dose can be increased to

10 pg twice daily. Doses should be administered
subcutaneously, in the thigh, abdomen, or upper
arm.*

Although exenatide has been approved for
clinical use, it requires twice-daily injections to be
effective. Consequently, GLP-1 receptor agonist
development has evolved with the generation of
longer-acting GLP-1 mimetic agents that require
less frequent dosing, ranging from daily to weekly
to biweekly administration. Agents currently
under investigation include exenatide LAR (Byetta
LAR), albiglutide (Syncria), and liraglutide (Vic-

tOZa) . 65,66,67,68

Pramlintide (Symlin) is a synthetic analog of the
human neuroendocrine hormone amylin. Symlin
was approved for use in the United States in March
2005 and is indicated for type 1 diabetes, as an
adjunct treatment in patients who use mealtime
insulin therapy and who have failed to achieve
desired glucose control despite optimal insulin
therapy. It is also indicated in type 2 diabetes, as
an adjunct treatment in patients who use mealtime
insulin therapy and who have failed to achieve
desired glucose control despite optimal insulin
therapy, with or without a concurrent sulfonylurea
agent and/or metformin. It works by modulating
gastric emptying, preventing an increase in serum
glucagon following a meal, and increasing the feel-
ing of satiety, resulting in decreased caloric intake
and potentially weight loss.*

Symlin is administered subcutaneously prior
to each main meal. When initiating therapy with
Symlin, initial insulin dose reduction is required
in all patients (approximately 50%) to reduce the
risk of insulin-induced hypoglycemia. The initial
dosage in type 1 diabetes is 15 pg and titrated to a
maintenance dose of 30-60 ng. In type 2 diabetes,
this initial dose is 60 pg and titrated to a main-
tenance dose of up to 120 pg as tolerated.”” Mild
nausea is the primary side effect of Symlin.
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1. True or false: For a patient who presents with an
A1C of 11.1%, achieving an A1C of 7.5% should be
considered a therapeutic success, with no further
action required.

a. true

b. false

2. The natural progression of type 2 diabetes can
best be described as which of the following?

a. an initial phase of insulin resistance that
requires a compensatory increase in insulin
secretion to maintain normal blood glucose
levels

b. an initial phase of decreased insulin secretion
which results in insulin resistance

c. an initial phase of increased insulin secretion
which results in insulin resistance

3. Which oral agent is recommended as the initial
agent of choice for both overweight and non-over-
weight patients with type 2 diabetes?
. thiazoladinedione
. alpha-glucosidase inhibitor
sulfonylurea
. metformin
. DPP-4 inhibitor

oTan o

Myr. Silva presents in your pharmacy with a prescription
for a blood glucose meter. He tells you that he has just
been diagnosed with diabetes and his doctor told him
that he needs to start testing his sugar at home. He tells
you that his doctor said that he has 2-3 months to try
dieting and exercise before he needs any medication. He
hands you a prescription for the meter and, surprisingly,
a copy of his recent labwork. You notice that his A1C is
9.4%.

4. Is the information provided by his physician in
accordance with the 2008 CPGs?

a. Yes, this is the recommended time allotted for
assessment of lifestyle modifications for all
patients with type 2 diabetes.

b. No, he should start medication immediately.

5. If antiphyerglycemic agents were to be started in
Mr. Silva, the most appropriate choice of therapy
(in addition to lifestyle management) would be:

a. glyburide

b. metformin

c. metformin and gliclazide

d. pioglitazone and sitagliptin

6. For best patient care, Mr. Silva’s physician
should adhere to timely adjustments and/or addi-
tions of antihyperglycemic agents to attain target
A1C within how many months?

a. 18

b. 2-3

c. 6-12

d.8
7. Which type of oral antihyperglycemic agent
therapy is associated with the highest risk of hypo-
glycemia?

a. DPP-4 inhibitor

b. thiazolidinedione

c. sulfonylurea

d. metformin

8. As A1C levels decrease towards the target level,
the importance of postprandial glucose for A1C
reduction:

a. increases

b. decreases

c. stays the same

9. For a person with type 2 diabetes uncontrolled
with oral antihyperglycemic therapy, which
approach is likely to be associated with a lower
incidence of weight gain and hypoglycemia?
a. Stop all oral agents and switch to basal insu-
lin.
b. Add basal insulin to the oral hypoglycemic
agents.
c. The two strategies would have an equal risk
of hypoglycemia and weight gain.
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10. Mrs. DaCosta comes into your pharmacy and
asks you to recommend a medication to help stop
her diarrhea. She states that she just started taking
metformin last week and takes faithfully with food,
1 tablet 3 times daily, at each meal. What would

be the most appropriate recommendation for Mrs.
DaCosta?

a. Try Imodium, since there are no drug inter-
actions noted with metformin. Take 2 tablets
after the first loose stool, then 1 tablet after
each loose stool, maximum 8 tablets per day.
Drink plenty of water to prevent dehydration.

b. Reassure Mrs. DaCosta that gas, bloating, and
diarrhea is a normal side effect of metformin
and it should subside in a week or two, with-
out treatment.

c. Explain to Mrs. DaCosta that gas, bloating,
and diarrhea is a normal side effect of met-
formin and can sometimes be avoided if the
dose is started at 250 mg daily and slowly
titrated every 4-7 days as tolerated. Offer to
contact her physician to see if he/she will
agree to a slow titration schedule.

d. It is obvious that Mrs. DaCosta cannot toler-
ate metformin. Offer to contact her physician
to switch to another agent such as gliclazide.

You are meeting today with your 62-year-old patient,
Myr. Jenkins, to perform a medication review. He brings
in all of his prescription bottles and you note that he is
taking the following medications:

* Avandamet 2/1000 mg, one tablet twice daily
* Crestor 10 mg, one tablet daily

* Altace 5 mg, one capsule daily

* ASA 81 mg, one tablet daily

He also presents you with a new prescription for Lantus
insulin 10 units at bedtime. He states that he is testing
his blood glucose regularly and presents his logbook.
You review his logbook with him and note that his fast-
ing blood sugar is routinely in the 8.5-9.5 mmol range
but by suppertime it has reduced to the 7.0~7.5 mmol
range. He says, “I can’t believe my doctor is sticking me
with insulin now! I feel fine and I thought my sugars
were OK. Isn’t it good if your sugars are under 10?”
You reassure Mr. Jenkins that insulin therapy is the
safest and most effective medication to lower A1C. You
dispense the prescription for Lantus insulin and review
injection technique, site rotation, and storage and dis-
posal of the solostar pen. You remind him to use a new
needle tip for each injection.

11. Upon review and analysis of Mr. Jenkins’s
current pharmacotherapy, you recommend the
following;:

a. He is to continue taking all other oral medi-
cations as previously prescribed. The use of
both Avandamet and insulin is quite safe and
effective.

b. The Avandamet needs to be stopped when
the insulin is started because it is not indi-
cated for concurrent use in Canada.

c. You need to contact his physician to discuss
the use of Avandamet. Avandia is not indi-
cated for use with insulin in Canada; there-
fore, you need to inquire with the prescribing
physician whether he wants to switch Avan-
damet to metformin alone, or proceed with
Avandamet as an unapproved indication and
inform the patient of the associated risks.

12. With regards to Mr. Jenkins’s self monitoring
of blood glucose, you would have which of the fol-
lowing comments/recommendations for him?

a. Review appropriate targets for pre- and
postprandial blood sugars. You would concur
with him that for a man his age, his blood
sugars are under control if most of them are
<10.0, and he may not actually need insulin
right now but you would consult with his
physician to be sure.

b. Review appropriate targets for pre- and
postprandial blood sugars. You would inform
him that if most blood sugars are <10.0 two
hours after eating, then his blood sugars are
deemed to be in good control. However, if
his blood sugars are up to 10.0 before eating,
this is considered out of range and he should
strive to achieve a lower target of 4.0-7.0
mmol/L .

c. Review appropriate targets for pre- and
postprandial blood sugars. You would inform
him that it is satisfactory if his post-meal
blood sugars are up to 10.0 but not his pre-
meal blood sugars (these should be 4.0-7.0).
However, if his A1C is not at target after
achieving standard pre and post targets, he
should aim for tighter post-meal blood sugars
in the 5.0-8.0 range (if achieved without
hypoglycemia).
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13. DPP-4 inhibitors are responsible for which of
the following actions?
a. increasing the plasma concentrations of the
active forms of GLP-1 and GIP
b. decreasing the plasma concentrations of the
active forms of GLP-1 and GIP
c. increasing insulin release and increase gluca-
gon levels in a glucose-dependent manner
d. increasing insulin release and decrease gluca-
gon levels in a glucose-independent manner

14. Mr. Rosenblum comes into your pharmacy and
asks to speak to you in private. He tells you that

he just had an appointment with his physician and
was told that his three-month average blood sugar

(A1C) is 10.4%, so he needs to intensify his therapy.

Mr. Rosenblum states that he feels fine and doesn’t
understand why he needs more medication. You
have developed a rapport with him over the last
several years, so he feels comfortable telling you
that he thinks his doctor is a “pill pusher” and
would like your honest opinion. His current ther-
apy is as follows: metformin 500 mg, 2 tablets twice
daily, and Diamicron MR 30, 3 tablets at breakfast.
What would be the most appropriate response?

a. “I would agree that you need to intensify
your therapy. I would recommend adding
Januvia, which is the newest and most effect-
ive oral medication.”

b. “I would agree that you need to intensify
your therapy. I would recommend adding
Avandia, but we can give it in the format of a
combined pill with metformin (Avandamet)
so you don’t have to be taking more pills per
day.”

c. “I would agree that you need to intensify
your therapy. I would recommend adding
bedtime insulin.”

d. “I would not agree with intensifying your
therapy. All you need to do is increase the
dose of Diamicron to 4 pills per day.”

15. Postprandial hyperglycemia is best managed by
which of the following agents?

a. metformin

b. sitagliptin

c. basal insulin

d. pioglitazone

16. Which of the following agents are weight neu-
tral or associated with minimal weight gain?

a. glyburide and pioglitazone

b. sitagliptin and metformin

c. rosiglitazone and glimepiride

d. repaglanide and acarbose

17. Mrs. Rigato comes into your pharmacy to dis-
cuss her diabetes therapy. She is currently taking
metformin 500 mg, one at breakfast and one at
supper. She tells you that her A1C is 7.3% but her
doctor would like it to be under 7.0%. She shows
you her logbook as follows:

Mon 55 6.8 11.2

Tues 6.1 10.2

Wed 6.8 13
Thur 49 9.8 6.3 12.9

Fri 6.7 10.8 7.1 10.9

What would be the most appropriate medication
recommendation?
add pioglitazone
. add basal insulin
add repaglinide
. increase the dose of metformin

fao o

18. Which of the following agents have to potential
to reduce A1C by the greatest amount?

a. sitagliptin

b. acarbose

c. metformin

d. pioglitazone

19. Which of the following statements is true?

a. Sulfonylureas stimulate insulin secretion in a
glucose-dependent manner.

b. Meglitinide stimulates insulin secretion in a
glucose-dependent manner.

c. DPP-4 inhibitors stimulate insulin secretion in
a glucose-dependent manner.

d. DPP-4 inhibitors stimulate insulin secretion in
a glucose-independent manner.

20. Nutrition therapy has the ability to reduce A1C
by:
a. 0.1-0.5%
b. 0.5-1.0%
c. 1.0-2.0%
d. 2.0-3.0%
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