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Diabetes mellitus is a chronic disease that is growing in
prevalence worldwide.1 Canadian data from the Na-
tional Diabetes Surveillance Strategy demonstrate a

prevalence of 4.8% among adults, with the vast majority hav-
ing type 2 diabetes.2 With the growing elderly Canadian pop-
ulation, the rising prevalence of obesity and the alarming in-
crease in childhood and adolescent type 2 diabetes, the burden
of this disease will continue to grow. Aggressive glycemic con-
trol has been demonstrated to decrease microvascular3–5 and
perhaps macrovascular6,7 complications, although the latter
claim remains controversial. The Canadian Diabetes Associa-
tion 2003 Clinical Practice Guidelines for the Prevention and
Management of Diabetes in Canada8 recommends a target he-
moglobin A1c concentration of 7.0% or less for all patients
with diabetes and, for those in whom it can be safely achieved,
a target hemoglobin A1c concentration in the normal range
(usually ≤ 6.0%).8 Although nonpharmacologic therapy (e.g.,
diet, exercise and weight loss) remains a critical component in
the treatment of diabetes, pharmacologic therapy is often nec-
essary to achieve optimal glycemic control. Orally adminis-
tered antihyperglycemic agents (OHAs) can be used either
alone or in combination with other OHAs or insulin. The
number of available OHAs has increased significantly in the
last decade, which translates into more therapeutic options
and complex decision-making. This article reviews the mecha-
nism of action, efficacy and side effects of each OHA drug
class (α-glucosidase inhibitors, biguanides, insulin secreta-
gogues, insulin sensitizers and intestinal lipase inhibitor) and
the current recommendations for their use.

Pathogenesis of diabetes

In order to better understand the role of each drug class
in the treatment of diabetes, it is important to have a basic
understanding of the pathogenesis of diabetes (Fig. 1) and
the interplay between insulin and glucose at different sites.

Postprandial elevations in serum glucose levels stimulate
insulin synthesis and release from pancreatic β cells. Insulin
secreted into the systemic circulation binds to receptors in
target organs (skeletal muscle, adipose tissue, liver). Insulin
binding initiates a cascade of intracellular signal transduc-
tion pathways that inhibits glucose production in the liver,
suppresses lipolysis in adipose tissue and stimulates glucose
uptake into target cells (muscle and fat) by mechanisms
such as the translocation of vesicles that contain glucose
transporters to the plasma membrane.

Type 2 diabetes is a metabolic disorder that results
from complex interactions of multiple factors and is char-
acterized by 2 major defects: decreased secretion of insulin
by the pancreas and resistance to the action of insulin in
various tissues (muscle, liver and adipose), which results in
impaired glucose uptake. The precise molecular mecha-
nism of insulin resistance is not clearly understood, but
deficits in the postinsulin receptor intracellular signalling
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Fig. 1: Overview of the pathogenesis of type 2 diabetes melli-
tus. FFA = free fatty acids.
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pathways are believed to play a role.9,10 Insulin resistance,
which is usually present before the onset of diabetes, is de-
termined by a number of factors, including genetics, age,
obesity and, later in the disease, hyperglycemia itself. Ex-
cess visceral adiposity, dyslipidemia and hypertension of-
ten accompany insulin resistance. Other findings may in-
clude impaired fibrinolysis, increased platelet aggregation,
vascular inflammation, endothelial dysfunction and prema-
ture atherosclerosis.11 The inability to suppress hepatic
glucose production is a major contributor to the fasting
hyperglycemia seen in diabetes.12

The increase in lipolysis by adipose cells that are resis-
tant to insulin and the subsequent increased levels of circu-
lating free fatty acids also contribute to the pathogenesis of
diabetes by impairing β-cell function, impairing glucose
uptake in skeletal muscles and promoting glucose release
from the liver. In addition to its role as a source of excess
circulating free fatty acids, adipose tissue has emerged in
the last decade as an endocrine organ. Adipose tissue is a
source of a number of hormones (adipo-cytokines or “adi-
pokines”) that appear to regulate insulin sensitivity (e.g.,
adiponectin, resistin), as well as appetite regulation (e.g.,
leptin), inflammation (e.g., tumour necrosis factor-α, in-
terleukin-6) and coagulability (e.g., plasminogen activator
inhibitor-1). Recent evidence suggests that the inflamma-
tory cytokines are derived from infiltrating macrophages
within adipose tissue beds rather than from the adipocytes
themselves.13 A detailed discussion of this area is beyond
the scope of this article, and the reader is referred to a re-
cent review.14

The initial response of the pancreatic β cell to insulin
resistance is to increase insulin secretion. Elevated insulin
levels can be detected before the development of frank dia-
betes. As the disease progresses, pancreatic insulin produc-
tion and secretion decreases, which leads to progressive hy-
perglycemia. Postprandial hyperglycemia can precede
fasting hyperglycemia. Hyperglycemia itself exacerbates in-
sulin resistance and impairs insulin secretion — so-called
“glucotoxicity.” The cause of progressive pancreatic β-cell
failure is not completely understood, but it appears to re-
sult from a number of factors, including genetic determi-
nants, chronic inflammation, glucotoxicity and the deleteri-
ous effects of elevated levels of free fatty acids on β-cell
function — so-called “lipotoxicity.”15,16

These interacting defects in multiple organs — muscle,
liver, adipose tissue and pancreas — generate the patho-
genic milieu that results in diabetes. Various classes of
OHAs are now available that target the different patho-
physiologic factors contributing to diabetes: α-glucosidase
inhibitors to delay intestinal carbohydrate absorption,
biguanides to target hepatic insulin resistance, insulin sec-
retagogues to increase pancreatic insulin secretion, insulin
sensitizers or thiazolidinediones to target adipocyte and
muscle insulin resistance, and intestinal lipase inhibitor or
orlistat to inhibit fat absorption and promote weight loss in
obese patients (Fig. 2).

αα-Glucosidase inhibitors 

Acarbose is the only α-glucosidase inhibitor available in
Canada. Miglitol, another drug in this class, is available in
the United States.

Mechanism of action

These drugs do not target a specific pathophysiologic
aspect of diabetes. This class of OHA competitively inhibits
enzymes in the small intestinal brush border that are re-
sponsible for the breakdown of oligosaccharides and disac-
charides into monosaccharides suitable for absorption.17 It
works primarily on α-glucosidase, which is found predomi-
nantly in the proximal half of the small intestine. The in-
testinal absorption of carbohydrates is therefore delayed
and shifted to more distal parts of the small intestine and
colon. This retards glucose entry into the systemic circula-
tion and lowers postprandial glucose levels. α-Glucosidase
inhibitors act locally at the intestinal brush border and are
not absorbed. They are excreted in feces.

Efficacy and clinical use

The blood glucose lowering effect of α-glucosidase in-
hibitors is less than that of most of the other classes of OHAs
(Table 1). Compared with placebo, clinical trials have
demonstrated an average hemoglobin A1c lowering effect of
about 0.5%–1.0%.18 Not surprisingly, postprandial plasma
glucose levels are improved more than fasting levels.17 A small
reduction in triglyceride levels has also been demonstrated.19

Given the relatively poor efficacy compared with other
OHAs, α-glucosidase inhibitors are rarely used alone and are
not recommended as initial therapy for moderate to severe
hyperglycemia (hemoglobin A1c concentration ≥ 9.0%).8

They are most useful in combination with other OHAs. Dos-
ing should start low, at 25 mg once daily, and titrated upward
as tolerated to 100 mg 3 times a day. Frequently, however,
gastrointestinal  side effects limit the tolerated dose to 50 mg.

Side effects, cautions and contraindications

The main side effects of α-glucosidase inhibitors are gas-
trointestinal. Specifically, bloating, abdominal discomfort,
diarrhea and flatulence occur in about 20% of patients.20

Initiation of therapy at a low dose with slow titration up-
ward may minimize these side effects, and symptoms may
diminish with continued use.17 Although hypoglycemia does
not occur when a drug in this class is used alone, in patients
who are using it in combination with another OHA or with
insulin, hypoglycemia must be treated with glucose itself
(e.g., dextrose tablets) instead of complex carbohydrates,
since absorption of the latter is delayed. α-Glucosidase in-
hibitors are contraindicated in patients with irritable bowel
syndrome or severe kidney or liver dysfunction. Inflamma-
tory bowel disease is a relative contraindication.
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Biguanides

Over 30 years ago various biguanides (e.g., metformin,
phenformin, buformin) were used in different countries for
the treatment of diabetes. All but metformin were removed
from the international market in the 1970s because of the
associated high risk of lactic acidosis.21 Since metformin had
not been marketed in the United States at that time, it was
only in 1995 that it was approved for use there, after safety
concerns were satisfied by decades of experience in Canada,
Europe and Asia.

Mechanisms of action

The mechanisms by which metformin exerts its antihy-
perglycemic effects are still not entirely clear. Its major ac-
tion in patients with diabetes is to decrease hepatic glucose
output, primarily by decreasing gluconeogenesis, but it may
also, as a lesser effect, increase glucose uptake by skeletal
muscles.22 In 2001, Zhou and colleagues discovered that
metformin activates hepatic and muscle adenosine mono-
phosphate-activated protein kinase (AMPK), an enzyme
normally activated by adenosine monophosphate, the
breakdown product of adenosine triphosphate and a cellu-

lar signal for increased energy requirements23 (Fig. 3). Acti-
vation of hepatic AMPK results in the phosphorylation and
inhibition of acetyl-coenzyme A carboxylase, which cat-
alyzes the rate-limiting step of lipogenesis. This block in
fatty acid synthesis promotes fatty acid oxidation. In addi-
tion, activation of hepatic AMPK decreases expression of
sterol-regulatory-element-binding-protein-1 (SREBP-1), a
transcription factor implicated in the pathogenesis of in-
sulin resistance, dyslipidemia and diabetes. Decreased
SREBP-1 expression results in decreased gene expression
of lipogenic enzymes, which further contributes to de-
creased triglyceride synthesis and hepatic steatosis. AMPK
activation appears to be a critical step in the metformin-
mediated reduction of hepatic glucose production and in-
crease in skeletal muscle glucose uptake. Thus, AMPK is a
major regulator of lipid and glucose metabolism and may
be the key mediator of all the beneficial effects of met-
formin. Results of earlier studies, particularly those using
other biguanide compounds (e.g., phenformin, buformin),
suggest that another mechanism of action may be disrup-
tion of coupled oxidative phosphorylation in mitochon-
dria.22 Whether this underlies the increase in AMPK activ-
ity because of a subtle increase in the ratio between
adenosine monophosphate and adenosine triphosphate re-
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Fig. 2: Major target organs and actions of orally administered antihyperglycemic agents in type 2 diabetes mellitus. TZD = thia-
zolidinedione; FFA = free fatty acid; AGI = α-glucosidase inhibitor.
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mains unclear. Other effects, such as increased expression
of muscle hexokinase and the insulin-sensitive glucose
transporter, may be secondary phenomena.24

Metformin is not protein bound and is widely distrib-
uted, with maximum accumulation in the small intestinal
wall. It is excreted, unmodified, by the kidneys.22

Efficacy and clinical use

In placebo-controlled trials, metformin lowered hemo-
globin A1c concentrations by about 1.0%–1.5%.25–27 The ef-
ficacy of metformin monotherapy is equivalent to that of
sulfonylurea monotherapy.27,28 Metformin appears to have
beneficial effects beyond glycemic control. It is associated

with weight loss, or at least with no weight gain. Improve-
ments in lipid profile have also been noted, with reductions
in plasma levels of free fatty acids,29 triglycerides and very-
low-density lipoproteins30 in patients whose baseline levels
are elevated. Increased levels of plasminogen activator in-
hibitor-118 and C-reactive protein,31 both of which are asso-
ciated with increased cardiovascular risk, were also reduced
with metformin. The UK Prospective Diabetes Study ex-
amined the long-term effects of metformin compared with
conventional diet therapy and intensive sulfonylurea or in-
sulin therapy in a subgroup of overweight patients.27 The
metformin group experienced less hypoglycemia and
weight gain than the intensive groups did. However, the
most impressive findings were that the metformin group
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Table 1: Orally administered antihyperglycemic agents (OHAs) for the treatment of diabetes

Drug class
Mechanism
 of action Dosage

Decrease in
hemoglobin A1c

concentration* Main side effects Contraindications

α-Glucosidase inhibitor
(acarbose)

Delays intestinal
carbohydrate
absorption

25 mg once daily,
titrated to 100 mg
3 times daily

0.5%–1.0% Gastrointestinal Irritable bowel syndrome,
severe kidney or liver
dysfunction

Biguanide† (metformin) Increases liver
and muscle
insulin
sensitivity;
decreases
hepatic glucose
production

500 mg once daily,
titrated to 1000 mg
twice daily

1.0%–1.5% Gastrointestinal,
lactic acidosis
(rare)

Moderate to severe liver or
cardiac dysfunction, mild
renal dysfunction‡

Insulin secretagogue
Sulfonylureas (gliclazide, 

glimepiride, glyburide)
Increases insulin
secretion

Gliclazide:
40–160 mg twice
daily, 30–120 mg once
daily (MR form)
Glimepiride:
1–8 mg once daily
Glyburide:
≤ 5 mg once daily,
titrated to > 5 mg
twice daily

1.0%–1.5% Hypoglycemia,
weight gain

Moderate to severe liver
dysfunction; adjust dose in
the presence of  severe
kidney dysfunction.
Avoid use of glyburide in
elderly patients or patients
with kidney dysfunction

Non-sulfonylureas
(repaglinide, 
nateglinide)

Acute increase
of insulin
secretion

Repaglinide:
0.5–4 mg 3 times daily
Nateglinide:
60–120 mg 3 times
daily

Repaglinide:
1.0%–1.5%
Nateglinide:
0.5%–1.0%

Hypoglycemia,
weight gain

Severe liver or kidney
dysfunction;
avoid concomitant use of
repaglinide with gemfibrozil

Insulin sensitizer or
thiazolidinedione§
(rosiglitazone,
pioglitazone)

Increases
adipose and
muscle insulin
sensitivity

Rosiglitazone:
2–8 mg once daily
Pioglitazone:
15–45 mg once daily

1.0%–1.5% Weight gain,
edema, anemia,
pulmonary edema,
CHF

Severe liver dysfunction,
NYHA class II–IV CHF

Intestinal lipase
inhibitor¶
(orlistat)

Decreases
intestinal fat
absorption
(weight loss)

120 mg 3 times daily 0.3%–0.9% Gastrointestinal,
reduced
absorption of fat-
soluble vitamins

Malabsorption syndrome,
cholestasis

Note: MR = modified release, CHF = congestive heart failure, NYHA = New York Heart Association.
*Indicated average decreases in hemoglobin A1c concentrations after 3–6 months of monotherapy.
†Preferred primary agent for overweight patients.
‡Use with caution or avoid in the presence of any elevation in serum creatinine levels.
§6–12 weeks are required to achieve the full glucose-lowering effect.
¶Suitable for obese patients only.



experienced a 36% relative risk reduction in all-cause mor-
tality (p = 0.01), a 39% relative risk reduction in myocardial
infarction (p = 0.01) and a 30% relative risk reduction in all
macrovascular end points (p = 0.02) compared with the
conventional group. Thus far, metformin is the only OHA
to demonstrate significant cardiovascular benefit over and
above its glucose lowering effect in diabetes.27

Because of its “insulin sensitizing” effect independent of
insulin secretion, metformin has been used in type 1 dia-
betes to lower insulin requirements. Although no long-
term clinical benefit has been demonstrated and this is not
an approved indication for the use of metformin, there may
be unique situations in which insulin resistance and obesity
are seen in the context of type 1 diabetes in which met-
formin may be helpful.32,33

Metformin is approved for use in diabetes either as
monotherapy or in combination with other OHAs, as well
as with insulin (Box 1). It is recommended as first-line ther-
apy for overweight patients with type 2 diabetes.8 It should
be started at a low dose (500 mg once daily) and titrated

upward at 1–2-week intervals to a maximum dose of 1000
mg twice daily. Metformin is covered by most provincial
formularies and is relatively inexpensive (Table 2).

Side effects, cautions and contraindications

Gastrointestinal side effects such as abdominal discom-
fort, anorexia, bloating and diarrhea are observed in
10%–15% of patients, depending on the dose. The reason
for these effects is not known, but, like acarbose, metformin
has been associated with decreased intestinal glucose absorp-
tion.34 These side effects usually improve with continued use
and are minimal if started at a low dose (e.g., 250–500 mg/d)
and slowly titrated upward. Discontinuation of therapy be-
cause of side effects occurs in less than 4% of patients.35

Since insulin secretion is not altered, hypoglycemia is not a
side effect of metformin when used as monotherapy. Simi-
larly, unlike some of the other OHAs, weight gain is not a
side effect, and some patients experience weight loss.35

Although lactic acidosis was frequently seen with the ear-

Oral treatment of type 2 diabetes mellitus

CMAJ • JAN. 18, 2005; 172 (2) 217

Fig. 3: Metformin activates AMPK in liver and muscle to improve glucose and lipid metabolism
in type 2 diabetes.  (A) shows the ion channel in a resting pancreatic β cell. (B) shows the ac-
tion of insulin secretagogues on the cell. AMPK = adenosine monophosphate-activated protein
kinase; ACC = acetyl-CoA carboxylase; SREPB-1 = sterol-regulatory-element-binding-protein-1;
VLDL = very low density lipoprotein.
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lier biguanide phenformin, its association with metformin
has been rare. Monitoring of metformin safety over 56 000
patient-years of experience in Canada revealed a very low
risk of lactic acidosis.36 In fact, a recent Cochrane Database
systematic review of the incidence of fatal and nonfatal lactic
acidosis with metformin compared with placebo and other
glucose-lowering therapies in patients with type 2 diabetes
demonstrated no increased association,  with an incidence of
lactic acidosis of 8.4 cases per
100 000 patient-years in the
metformin group and 9 cases
per 100 000 patient-years in the
non-metformin group.37 The
presence of another risk factor
for lactic acidosis, such as acute
renal or liver failure, cardio-
genic or septic shock, or hypox-
emia, and the inability to corre-
late lactate concentration or
mortality with serum metformin
concentrations in the met-
formin-associated cases make it
difficult to discern the contribu-
tion of metformin.38 The main
difference between metformin
and phenformin is that met-
formin is rapidly excreted, un-
changed, by the kidneys,36

whereas phenformin elimina-
tion requires conjugation and
deactivation by the liver. Thus,
in the absence of impaired renal
function, metformin is less
likely to accumulate. Metformin
is contraindicated in patients
with risk factors for lactic acido-
sis or drug accumulation, in
other words in those with mod-
erate to severe kidney, liver or
cardiac dysfunction. Metformin
may be used with extreme cau-
tion and in reduced doses in patients with mild renal dys-
function, bearing in mind that renal function may deterio-
rate rapidly in patients at risk for volume contraction.
Insulin is thus a preferred agent in this setting.

Insulin secretagogues

Insulin secretagogues can be divided into 2 subclasses:
sulfonylureas and non-sulfonylureas.

Sulfonylureas 

Sulfonylureas that are currently available in Canada are gli-
clazide, glimepiride, glyburide, and the older agents chlorpro-
pamide and tolbutamide. The last 2 are now rarely used.

Mechanism of action

Sulfonylureas bind to the sulfonylurea receptor on the
surface of pancreatic β cells. The sulfonylurea receptor is
intimately involved with subunits of an adenosine triphos-
phate-sensitive potassium channel (kir6.2). The binding of
a sulfonylurea to the sulfonylurea receptor–kir6.2 complex
results in closure of the potassium channels and inhibition

of the efflux of potassium ions
from the resting β cell. This re-
sults in depolarization of the cell
membrane and, in turn, the
opening of voltage-dependent
calcium channels. The influx of
calcium causes microtubules to
contract and the exocytosis of
insulin from vesicles (Fig. 4).
Sulfonylureas do not directly af-
fect insulin sensitivity. The in-
crease in insulin sensitivity seen
after treatment with these drugs
is secondary to improved meta-
bolic control. Sulfonylureas are
predominantly metabolized by
the liver and cleared by the kid-
neys. Several metabolites of gly-
buride are partially active, so
that if clearance is impaired in
the kidney, the accumulating
metabolites can have a signifi-
cant hypoglycemic effect. In
contrast, gliclazide and
glimepiride are metabolized by
the liver to inactive metabolites.

Efficacy and clinical use

When compared with placebo,
sulfonylurea monotherapy pro-
duces an average reduction in he-
moglobin A1c concentrations of

about 1.0%–1.5%.4,39 Drugs in this class have similar effica-
cies.40,41 The UK Prospective Diabetes Study demonstrated
that intensive glycemic control with either sulfonylureas or
insulin resulted in significant reductions in microvascular
complications,4 and a subsequent epidemiologic analysis
demonstrated a reduction in macrovascular complications as-
sociated with improved glycemic control.7 No increase in
mortality was demonstrated, as was suggested by the findings
of the older University Group Diabetes Program.42 The
shortcomings of the latter study have been reviewed.43

In general, it is best to start with a low dose and titrate
upward every 1–2 weeks to achieve the desired glycemic
control and avoid hypoglycemia, particularly in elderly pa-
tients. Gliclazide is available in short- and long-acting for-
mulations. The long-acting modified release formulation
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Box 1: Potential combinations of OHAs for
the treatment of type 2 diabetes

Metformin plus

•  Sulfonylurea

•  Non-sulfonylurea insulin secretagogue

•  Thiazolidinedione

•  α-Glucosidase inhibitor

•  Insulin

Thiazolidinedione plus

•  Metformin

•  Sulfonylurea

•  Non-sulfonylurea insulin secretagogue

•  α-Glucosidase inhibitor

α-Glucosidase inhibitor plus

•  Metformin

•  Thiazolidinedione

•  Sulfonylurea

•  Non-sulfonylurea insulin secretagogue

•  Insulin

Do not combine:

•  Sulfonylurea + non-sulfonylurea insulin
secretagogue

•  Insulin secretagogue + preprandial insulin

•  Thiazolidinedione + insulin

Combinations of submaximal doses of different classes of OHAs
may be equally effective as or more effective than maximum
dose of monotherapy in improving glucose control with fewer
adverse effects.



can be administered once daily. Glimepiride is also admin-
istered once daily. Glyburide may be administered once
daily at 5 mg or less and twice daily at higher doses. Gli-
clazide and glimepiride, which are newer, are more expen-
sive than glyburide. Glyburide is covered by provincial for-
mularies, and gliclazide and glimepiride may be covered
under special provisions by some provinces (e.g., Section 8
in Ontario for gliclazide).

Side effects, cautions and contraindications

The main side effects of sulfonylureas are hypoglycemia
and weight gain.44 Given that these drugs directly stimulate
insulin secretion from pancreatic β cells irrespective of plasma
glucose levels, the risk of hypoglycemia is associated with all
sulfonylureas. The results of several large clinical trials indi-
cate an average incidence of hypoglycemia of 1%–2% per
year.45 Most episodes are mild and easily treated with glucose
in the form of fruit juice, sweetened beverages or glucose
tablets. However, prolonged and severe hypoglycemia can
occur, especially in the setting of renal or hepatic impairment
or in frail, elderly patients. Gliclazide and glimepiride are less
associated with hypoglycemia than is glyburide.18 Since these
medications are metabolized in the liver, sulfonylureas are
contraindicated in patients with moderate to severe liver dys-
function. The dose of glyburide should either be markedly
reduced or avoided altogether in elderly patients and patients
with moderate renal dysfunction. Dose adjustment is not re-
quired for gliclazide or glimepiride in patients with moderate
kidney dysfunction. However, there are insufficient data to
support their use in those with end-stage renal disease, in
which case insulin is the preferred option. The weight gain
seen with sulfonylureas, which is typically 2–5 kg, is likely re-
lated to the increase in plasma insulin levels.45 This may be
discouraging in a population that is already prone to obesity
and often struggling to lose weight. At the same time, meta-
bolic control should not be compromised by withholding
treatment in an attempt to avoid weight gain. Side effects of
first-generation agents include skin rash, hyponatremia and
alcohol-induced flushing.

Since sulfonylureas are sulfonamide derivatives, the ques-
tion of whether patients with known allergies to sulfon-
amide antibiotics can take sulfonylureas is often raised. A re-
cent retrospective cohort study in the United Kingdom
demonstrated that patients with a previous allergic reaction
to a sulfonamide antibiotic were at increased risk for an al-
lergic reaction to a sulfonamide nonantibiotic (e.g., a sul-
fonylurea) compared with patients with no previous history
(adjusted odds ratio 2.8; 95% confidence interval 2.1–3.7).46

However, the risk was lower than that associated with  peni-
cillin: patients with a previous sensitivity to penicillin were
more likely than patients with a sensitivity to sulfonamide
antibiotics to react to a sulfonamide nonantibiotic. The au-
thors concluded that the association between previous sensi-
tivity to sulfa and subsequent sensitivity to a sulfonamide
nonantibiotic is due to a predisposition to allergic reactions

rather than to cross-reactivity. However, as with all retro-
spective cohort studies, there were potential biases that may
have influenced the results. Therefore, this issue remains
controversial, and clinicians should recognize that there is
the potential for cross-reactivity and perhaps use the sever-
ity of the initial reaction to sulfa to guide their decision
whether to give a trial of sulfonylurea (or other sulfonamide
nonantibiotic) to a patient with a previous hypersensitivity.

Non-sulfonylureas

This relatively new class of medications is currently rep-
resented by nateglinide and repaglinide. Repaglinide is a
benzoic acid derivative, and nateglinide is a phenylalanine
derivative.47,48

Mechanism of action

The mechanism of action of these drugs is similar to
that of the sulfonylureas (closure of the potassium–adeno-
sine triphosphate channel, leading to calcium-dependent
insulin secretion). However, they bind to the sulfonylurea
receptor at a different site and with different kinetics than
the sulfonylureas (Fig. 4). Thus, the onset of action is faster
and the half-life is shorter, which results in a brief stimula-
tion of insulin release.47,48 These compounds are metabo-
lized in the liver through the cytochrome p450 system into
inactive biliary products.47,48
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Table 2: Approximate cost per month of OHAs at a retail
pharmacy in Ontario

Drug
Tablet

strength, mg Dosage
Cost per
month, $

Acarbose     100 100 mg 3 times daily 41.91
Metformin     500 1000 mg twice daily 27.04
Glyburide
(Diabeta)

     2.5
        5

2.5 mg twice daily
10 mg twice daily

13.59
20.01

Gliclazide MR
(Diamicron MR)       30 120 mg once daily 62.91
Gliclazide
(Diamicron)       80 160 mg twice daily 62.91
Glimepiride
(Amaryl) 1, 2 or 4 1, 2 or 4 mg once daily 35.37
Repaglinide
(Gluconorm)

      0.5
         1
         2

0.5 mg 3 times daily
1 mg 3 times daily
2 mg 3 times daily

37.13
38.17
39.22

Nateglinide
(Starlix)      120 120 mg 3 times daily 67.40
Pioglitazone
(Actos)

       15
       30
       45

15 mg once daily
30 mg once daily
45 mg once daily

79.64
107.17
155.61

Rosiglitazone
(Avandia)

         2
         4
        8

2 mg once daily
4 mg once daily
8 mg once daily

51.58
78.19
80.88

Rosiglitazone +
metformin
(Avandamet)

500 / 1
500 / 2

2 tablets twice daily
2 tablets twice daily

90.19
154.21



Efficacy and clinical use

The efficacy of repaglinide appears to be similar to that of
sulfonylureas,49 and the efficacy of nateglinide appears to be
somewhat less, with a reduction in hemoglobin A1c concentra-
tions of 0.5%–1.0%.50 Given their rapid onset and short dura-

tion of action, non-sulfonylurea insulin secretagogues are best
taken just before meals. They may be taken 3 or even 4 times
daily. Postprandial hyperglycemia is well controlled.49,50 These
medications are particularly useful for patients who require
meal-time flexibility, elderly patients and patients with im-
paired renal function. For example, a dose may be omitted if a

meal is skipped, and in the elderly patient with
unpredictable food intake, the dose may be given
immediately after the meal and titrated to the
amount of food ingested. These medications can
be used either as monotherapy or in combina-
tion with other OHAs (but not sulfonylureas)
(Box 1). Because they have been introduced re-
cently, there are no long-term outcome data for
this class. They are fairly expensive and are not
covered by most provincial formularies.

Side effects, cautions and
contraindications

As with sulfonylureas, the main side effect of
this class is hypoglycemia. However, the risk of
hypoglycemia is lower than that with sulfony-
lureas.51 This difference is due in part to the
shorter duration of action and in part to the glu-
cose-dependent insulinotropic effects of
nateglinide.48 Similarly, the amount of weight
gain appears to be less than that seen with sul-
fonylureas,18 perhaps because of the limited du-
ration of elevated insulin secretion. The non-
sulfonylurea insulin secretagogues are
contraindicated in patients with severe liver dys-
function, and the dose should be reduced in pa-
tients with severe kidney dysfunction.18 Given
the metabolism of repaglinide through the cy-
tochrome p450 isozyme CYP 3A4, glucose lev-
els should be monitored carefully if the patient
also receives a strong inhibitor or inducer of the
CYP 3A4 system.52 The combination of gemfi-
brozil, a CYP 3A4 inhibitor, with repaglinide
has been shown to dramatically increase the ac-
tion of repaglinide and result in prolonged hy-
poglycemia.52 This combination should there-
fore be used cautiously or avoided. Nateglinide,
on the other hand, is mostly metabolized via the
CYP 2C9 isozyme and requires CYP 3A4 me-
tabolism to a lesser extent. No interaction with
gemfibrozil has been reported.48

Insulin sensitizers
(thiazolidinediones)

The 2 thiazolidinediones currently available
in Canada are rosiglitazone and pioglitazone.
Troglitazone, an earlier thiazolidinedione intro-
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Fig. 4: Insulin secretagogues mimic glucose to close adenosine triphosphate-
sensitive potassium channels (kir6.2) and stimulate insulin secretion.

The site of action of sulfonylureas (SU) and
non-SU insulin secretagogues (NSIS)
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duced in 1997 in the United States, United Kingdom and
Japan but not in Canada, was removed from the world market
because of an unacceptable risk of fulminant hepatic failure.

Mechanism of action

Thiazolidinediones function as ligands for the peroxi-
some proliferator-activated receptor gamma (PPARγ),
which is most highly expressed in adipocytes (Fig. 5).
These nuclear receptors, which are ligand-activated tran-
scription factors, play an integral part in the regulation of
the expression of a variety of genes involved in carbohy-
drate and lipid metabolism. Thiazolidinediones improve
insulin sensitivity, particularly in the peripheral tissues. Al-
though unproven, this appears to be mainly mediated
through an effect on adipocytes, since there are fewer
PPARγ receptors in muscle tissue. In the adipocyte, differ-
entiation is enhanced, lipolysis is reduced, and levels of cir-
culating adipo-cytokines or “adipokines” are altered,
namely a decrease in tumour necrosis factor-α and leptin
and an increase in adiponectin.14 The recruitment of a
greater number of smaller adipocytes, which is associated
with improved lipogenesis and storage, results in a reduc-

tion in circulating free fatty acids. All these effects — de-
creased tumour necrosis factor-α and free fatty acid levels
and increased adiponectin levels — are expected to enhance
insulin sensitivity.14 Animal models have also demonstrated
that thiazolidinediones improve and preserve pancreatic β-
cell function.53,54 However, this finding has not been
demonstrated definitively in humans.55

Efficacy and clinical use

In placebo-controlled trials, thiazolidinediones lower
hemoglobin A1c concentrations to the same extent as met-
formin and sulfonylureas.56,57 Direct comparisons of thiazo-
lidinediones with metformin and sulfonylureas also demon-
strate similar efficacy.58,59 Preliminary data suggest that
thiazolidinediones may have beneficial effects beyond that
of glycemic control. These include reduced urinary albu-
min excretion,60 increased levels of high-density lipoprotein
cholesterol and reduced triglyceride levels,61 lower blood
pressure18 and reduced levels of plasminogen activator in-
hibitor-1.18 Some studies have also demonstrated improve-
ment in surrogate markers of atherosclerosis, such as inti-
mal–medial thickness and neointimal proliferation after
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Fig. 5: Mechanism of action of thiazolidinediones. PPARγ = peroxisome proliferator-activated
receptor-gamma; TNF-α = tumour necrosis factor-α. *There is recent evidence in rodents that
skeletal muscle PPARγ is an important mediator of the beneficial effects of TZDs on insulin sen-
sitivity.
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angioplasty.18 However, there are no long-term microvas-
cular or macrovascular clinical outcome data available yet
on the use of thiazolidinediones in patients with diabetes.

Thiazolidinediones are approved for use as monother-
apy or in combination with metformin, sulfonylureas, non-
sulfonylurea insulin secretagogues or α-glucosidase in-
hibitors (Box 1). Although some effect can be seen in 2–3
weeks, it may take 6–12 weeks to observe the full blood
glucose lowering effect. Dose adjustments should be made
accordingly. Patients should be appropriately screened by
history, physical examination and laboratory investigations
to rule out contraindications before therapy with thiazo-
lidinediones is initiated.62 These drugs are expensive, but
some provincial formularies cover them under special pro-
visions (e.g., Section 8 in Ontario).

Side effects, cautions and contraindications

The major side effects of rosiglitazone and pioglitazone
are weight gain, edema, anemia, pulmonary edema and con-
gestive heart failure.62 The weight gain seen with thiazolidine-
diones is similar to that observed with sulfonylureas. How-
ever, the distribution of fat appears to be improved from a
metabolic point of view — there is less visceral fat and more
peripheral fat.63 Peripheral edema can occur in about 3%–5%
of patients using thiazolidinedione as monotherapy62 and
sometimes is severe enough that use of the medication is
stopped. The incidence of peripheral edema is increased
when use of the drug is combined with another glucose-low-
ering medication, particularly insulin.62 Thus, thiazolidine-
diones are not approved for use in combination with insulin
in Canada.64,65 However, pioglitazone is approved for such
combination therapy in the United States.66 Another adverse
effect associated with thiazolidinedione use is anemia, which
is considered to represent hemodilution from sodium and wa-
ter retention.62 The more serious adverse events of pulmonary
edema and congestive heart failure were infrequent in trials of
monotherapy (about 1%) but increased in combination ther-
apy with insulin (about 2%–3%).62 Subsequent epidemiologi-
cal studies demonstrated a hazard ratio for congestive heart
failure in patients receiving pioglitazone of 1.8.62 Although the
absolute incidence is relatively small, the increased recogni-
tion of thiazolidinedione-induced congestive heart failure
prompted the additional contraindication of use of this class
of drugs in patients with New York Heart Association Class
II, III or IV congestive heart failure.64,65 Also, postmarketing
cases of thiazolidinedione-induced congestive heart failure
have been reported in patients with normal systolic function.
Patients with diabetes can have diastolic dysfunction even in
the absence of hypertension or ischemic heart disease.62 The
American Heart Association and the American Diabetes As-
sociation recently published a consensus statement on the is-
sue of thiazolidinedione use, fluid retention and congestive
heart failure that is worth reviewing.62 In addition to conges-
tive heart failure, the use of thiazolidinediones is contraindi-
cated in the presence of hepatic dysfunction.64,65 The fact that

PPARγ receptors are present in other tissues, such as mono-
cytes, macrophages, colonic epithelial cells and pituitary
cells,67 raises the possibility of long-term adverse or beneficial
actions that are yet to be determined.

Intestinal lipase inhibitor (orlistat)

Mechanism of action

Although not a “traditional” OHA, orlistat is an anti-
obesity agent that acts as a selective inhibitor of gastric and
pancreatic lipases and thereby inhibits the hydrolysis of di-
etary fat into absorbable free fatty acids and monoglyc-
erides.68 The marked reduction in the absorption of fat re-
sults in decreased energy intake and weight loss. There is
negligible systemic absorption of the drug. Metabolism oc-
curs within the gastrointestinal wall, and fecal excretion is
the main route of elimination.

Efficacy and clinical use

In the 2003 Canadian Diabetes Association clinical prac-
tice guidelines, orlistat was added to the list of OHAs for the
treatment of diabetes.8 The addition of orlistat for 1 year in
overweight or obese patients (body mass index 28–40 kg/m2)
with diabetes treated with other OHAs or insulin has been
shown to decrease body weight by about 4%–6.5% and im-
prove hemoglobin A1c concentrations by 0.3%–0.9%.69–71 In
some patients, the doses of OHAs or insulin could be lowered
and metabolic control maintained when orlistat was added.

Orlistat’s role in the treatment of diabetes is limited to
obese patients. Since its blood glucose lowering effect is
relatively small, it should be used in combination with
other OHAs. Orlistat should be given at a dose of 120 mg
with each meal. Appropriate dietary counselling must be
provided to minimize the gastrointestinal side effects and
improve long-term compliance.

Side effects, cautions and contraindications

The side effects of orlistat are gastrointestinal and typi-
cally occur in the first 3 months of treatment. These include
flatulence with discharge, oily spotting, fecal urgency, steat-
orrhea, increased frequency of defecation and fecal inconti-
nence. The incidence of these reactions is directly related to
the fat content of the patient’s diet. Patients who do not ad-
here to a diet containing 30% or less of energy intake from
fat experience significant side effects, which results in either
improved dietary compliance or discontinuation of the
medication.68 Absorption of fat-soluble vitamins can be ad-
versely affected, and patients on orlistat should take a daily
multivitamin supplement that includes fat-soluble vitamins
at least 2 hours before or following administration of the
dose. Contraindications to orlistat are chronic malabsorp-
tion syndrome, cholestasis and known hypersensitivity.68
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Summary of therapeutic recommendations

The 2003 Canadian Diabetes Association clinical prac-
tice guidelines recommend a treatment target hemoglobin
A1c concentration of 7.0% or less and even lower (≤ 6.0%)
in those who can safely achieve it, within 6–12 months of
the initial diagnosis of diabetes.8 A multidisciplinary ap-
proach is critically important to achieve this goal, and the
importance of education and lifestyle modifications cannot

be overemphasized. These measures should continue
alongside all other interventions. A therapeutic algorithm is
depicted in Fig. 6. In patients with mild to moderate hyper-
glycemia (hemoglobin A1c concentration < 9.0%), lifestyle
interventions should be implemented along with pharma-
cologic interventions as needed. If the hyperglycemia is
very mild, one could consider instituting lifestyle interven-
tions alone. If patients present with marked hyperglycemia
(hemoglobin A1c concentrations ≥ 9.0%), pharmacologic
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Fig. 6: Management of hyperglycemia in type 2 diabetes.  BMI = body mass index. *When used in combination with insulin, in-
sulin sensitizers may increase the risk of edema of congestive heart failure. The combination of an insulin sensitizer and insulin is
currently not an approved indication in Canada. †If using preprandial insulin, do not add an insulin secretagogue. Reprinted with
permission from Can J Diabetes 2003;27(Suppl 2):S39.

Clinical assessment and initiation of nutrition therapy and physical activity

Mild to moderate hyperglycemia
 (hemoglobin A1C concentration < 9.0%)

Overweight
(BMI ≥ 25 kg/m2)

Nonoverweight
(BMI < 25 kg/m2)

Biguanide alone or in
combination with 1 of:
•  Insulin sensitizer*
•  Insulin secretagogue
•  Insulin
•  α-Glucosidase 

inhibitor

1 or 2 antihyperglycemic
agents from different classes
•  Biguanide
•  Insulin sensitizer*
•  Insulin secretagogue
•  Insulin
•  α-Glucosidase inhibitor

2 antihyperglycemic agents
from different classes†

•  Biguanide
•  Insulin sensitizer*
•  Insulin secretagogue
•  Insulin
•  α-Glucosidase inhibitor

Add a drug from a different class
or

Use insulin alone or in combination with:
•  Biguanide
•  Insulin sensitizer*
•  Insulin secretagogue
•  Insulin
•  α-Glucosidase inhibitor

Marked hyperglycemia
(hemoglobin A1C concentration ≥ 9.0%)

If not at target If not at target

Add an orally
administered

antihyperglycemic
agent from a different

class or insulin

If not at target If not at target

Intensify insulin regimen
or add:

•  Biguanide
•  Insulin sensitizer*
•  Insulin secretagogue†
•  Insulin
•  α-Glucosidase 

inhibitor

Timely adjustments to dosage or type or both of orally administered antihyperglycemic agents or insulin
or both should be made to attain target hemoglobin A1C concentrations within 6 to 12 months.

Basal or preprandial
insulin or both



measures should be started immediately, along with
lifestyle modifications.8 Glycemic status should be re-
assessed frequently and necessary changes made to achieve
target hemoglobin A1c concentrations within 6–12 months.8

Metformin is recommended as the primary drug for over-
weight patients (body mass index > 25 kg/m2), unless con-
traindicated. For nonoverweight patients, other classes of
OHAs (except orlistat) can be used as primary therapy. The
current guidelines, in contrast to the 1998 guidelines, recom-
mend that the addition of a different class of OHA be con-
sidered early to achieve glycemic targets. It has been shown
that combinations of submaximal doses of OHAs produce
greater reductions in hemoglobin A1c concentrations in a
short period compared with maximum dose monother-
apy.72–75 As one would expect, the incidence of side effects
(particularly hypoglycemia) is higher with combination ther-
apy than with monotherapy; however, the difference is not
significant.72–75 Dose adjustments or addition of other classes
of medications, or both, should occur in a timely fashion if
targets are not achieved. A reasonable duration after which a
response in hemoglobin A1c concentrations is expected is 3
months for α-glucosidase inhibitors, metformin and insulin
secretagogues and 6 months for thiazolidinediones and orlis-
tat. The choice of combinations requires knowledge of the
mechanism of action of the different classes. Potential com-
binations and combinations to be avoided are listed in Box 1. 

A common question in the management of diabetes is
when and how to institute insulin therapy. Although the de-
tails of insulin use are beyond the scope of this review, the
target hemoglobin A1c concentrations should remain the pri-
mary indicator. Thus, if maximally tolerated doses of combi-
nation OHA therapy does not achieve the desired glycemic
targets, insulin should be started, either as monotherapy or in
combination with OHAs. The combination of insulin with
the following agents has been shown to have increased glu-
cose-lowering effects: α-glucosidase inhibitor, metformin,
sulfonylurea and thiazolidinedione.8 Sulfonylureas should not
be combined with preprandial insulin because of an increased
risk of hypoglycemia. However, they can be combined with
basal insulin. Of note, the combination of thiazolidinedione
and insulin is not approved in Canada because of an increased
risk of peripheral edema and heart failure. The decision to
use insulin alone or in combination with OHAs should be in-
dividualized and discussed with the patient. There are no
long-term clinical outcome data to support or detract from
using the combination approach. Regular follow-up and
timely adjustments of medications in all patients are manda-
tory since worsening glycemic control may be expected, con-
sistent with the natural history of diabetes.4 Therefore, choice
and dose of OHAs need to be reassessed on an ongoing basis.

Prevention of diabetes

The worldwide epidemic of diabetes and the recognition
that sedentary lifestyle and obesity are major epidemiologic
determinants of the disease have led to a greater interest in

prevention. Although this topic cannot be reviewed in detail
here, it is important to note that the OHAs used in the treat-
ment of diabetes have also been studied in the context of pre-
vention. Multiple risk factors for diabetes have been identi-
fied.8 The greatest risk is impaired glucose tolerance, a
precursor of diabetes. Thus, a number of type 2 diabetes pre-
vention trials have included subjects with impaired glucose
tolerance. These trials compared intensive lifestyle modifica-
tions (e.g., diet, exercise, weight loss), OHAs and placebo
controls.76–78 In brief, the greatest success thus far has been
achieved with intensive lifestyle modification, with a 58% re-
duction in progression from impaired glucose tolerance to
overt diabetes in 2 separate trials.76,77 In these same studies, the
use of metformin resulted in a 33% relative reduction in the
conversion to overt diabetes. However, a subsequent analysis
performed after stopping the metformin demonstrated that a
proportion of subjects were deriving benefit from treatment
of diabetes rather than from its prevention, so that the pre-
ventive effect of metformin was actually lower, about 25%.79

In the STOP-NIDDM trial, acarbose was associated with a
25% relative reduction in the conversion of impaired glucose
tolerance to diabetes after 3.3 years.20 In the TRIPOD study,
troglitazone, a thiazolidinedione that is no longer available,
decreased the incidence of diabetes compared with placebo in
a group of high-risk Hispanic women with a history of gesta-
tional diabetes.80 Finally, orlistat combined with lifestyle
changes also decreased progression from impaired glucose
tolerance to diabetes over 4 years compared with lifestyle
modification plus placebo.81 Currently, diabetes prevention
trials using thiazolidinedione and non-sulfonylurea insulin
secretagogues, alone and in combination with other agents
such as angiotensin-converting-enzyme inhibitors, are under-
way. One encouraging observation is that, in the acarbose
prevention trial, the treated group also had a 49% relative risk
reduction in cardiovascular events and a 34% relative risk re-
duction in new cases of hypertension.82 These data support
the concept that prevention of diabetes will be associated with
lower morbidity and mortality. However, OHAs are cur-
rently approved for only the treatment and not the preven-
tion of diabetes. This may change as more data become avail-
able demonstrating efficacy, safety and cost-effectiveness.
However, it is imperative for clinicians to recognize that in-
tensive and structured lifestyle modifications, including diet,
physical activity and weight loss, have the greatest impact on
diabetes prevention and remain the intervention of choice.8
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