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T 
he Diabetes Screening in Canada (DIASCAN) study1 showed us that, although 

only 6% of the Canadian population has diabetes, almost one-quarter of the 

patients seen in a typical family physician’s office have the disease, showing the 

high burden of disease. Many of these patients come in with other complaints, 

such as hypertension or heart disease and one-third of them don’t know they have diabetes. 

Furthermore, we have recognized that more than half of the population has the metabolic syn-

drome, giving them an increased cardiovascular risk profile. The Diabetes in Canada Evaluation 

(DICE) study2 tells us that 50% of patients with diabetes in Canada do not achieve target levels 

of glucose control (A1C <7%), nor do they achieve targets for blood pressure (<130/80 mmHg) 

or lipids (LDL <2 mmol/L, TC/HDL <4).
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This is a poor statistic, given that the 
Canadian Diabetes Association’s Clini-
cal Practice Guidelines3 clearly outline 
an objective, evidence-based road map 
for treatment. Moreover, we have a range 
of options in the diabetes treatment tool-
box at our disposal. Lately, that toolbox 
has expanded through research that has 
resulted in both new understandings of 
disease mechanisms and new medica-
tions. Learning which agents work in 
which patients — and when to use them 
— should help us to improve diabetes 
care in Canada.  

 
D ISEASE       M EC  H ANIS    M S

Physiological glycemic regulation 
ensures adequate provision of glucose to 
the brain and other glucose-dependent 
tissues, while protecting our proteins 
from above-normal glucose levels. 

Glucose levels are regulated through 
a delicate balance of glucose production 
and utilization. Glucose is made avail-
able by the digestion and absorption of 
carbohydrates, and is also produced in 
the liver during both the post-absorp-
tive and fasting states through the 
breakdown of hepatic glycogen  
(glycogenolysis) and the formation of 
glucose from protein and fat sources  
(gluconeogenesis). 

The pancreatic islet hormones insulin 
and glucagon function to maintain the 
balance between glucose production and 
utilization in the normal individual. 
Other hormones affect this balance in 
response to the stress of infection, 
trauma or dehydration, as well as during 
treatment with certain medications (e.g. 
glucocorticoids). 

What goes wrong in type 2 diabetes?
People at risk for developing type 2 dia-
betes are often sedentary and over-
weight. Excessive visceral fat is a 
significant risk factor — this tissue is 
metabolically active and affects glucose 
homeostasis by increasing or decreasing 
production of fat cell products called 
lipokines. These abnormalities can lead 
to an insulin-resistant state long before 
hyperglycemia is detected. Compensa-
tion for insulin resistance through 
increased insulin secretion initially 
results in normal glucose levels, in both 
the fasting and postprandial states. 
Gradually, however, a loss of pancreatic 
beta cells leads to hyperglycemia — ini-
tially in the postprandial phase, then 
later in the fasting state. As the meta-
bolic abnormalities of diabetes progress, 
lipotoxicity and glucotoxicity (increased 
levels of circulating fatty acids and glu-
cose, respectively) have detrimental 
effects on beta cell insulin secretion. 
The same metabolic abnormalities fur-
ther enhance insulin resistance.  

Data from the United Kingdom  
Prospective Diabetes Study (UKPDS) 
showed that, upon entry into the study, 
people with newly diagnosed type 2 dia-
betes had only 50% of their beta cell 
function remaining.4 During the six-year 
follow-up, beta cell function continued 
to decline. If we assume that this loss fol-
lows a linear pattern, we can predict that 
beta cell function in these individuals 
had not been normal for more than a 
decade prior to enrolment. 

A study of beta cell mass from autop-
sies of non-diabetic obese individuals 
(based on BMI criteria) and non-diabetic 
lean individuals5 showed that the obese 
group had substantially greater beta cell 
volume compared with the lean cohort, 
possibly as a compensatory mechanism 
by which the obese increased insulin 
secretion and beta cell mass in response 
to insulin resistance. Conversely, obese 
subjects with impaired fasting glucose 

(IFG) had decreased beta cell mass com-
pared with those who had normal glucose 
tolerance. Both the obese and the lean 
individuals with type 2 diabetes had beta 
cell masses lower than those of either 
group of non-diabetic subjects, indicat-
ing that there is indeed an association 
between diabetes and beta cell mass.

Clinically, these abnormalities result 
in a gradual increase in glycemia as 
described above. 

Gastrointestinal hormones: 
the incretins
The gastrointestinal (GI) hormones 
GLP-1 (glucagon-like peptide-1) and 
GIP (glucose-dependent insulinotropic 
peptide) have recently been the subjects 
of intense research. 

These two hormones belong to the 
incretin family — GI hormones secreted 
in response to food intake and rising 
plasma glucose levels. In normal physiol-

ogy, food intake or increased plasma glu-
cose results in their rapid secretion from 
cells in the small intestine. Secretion of 
GLP-1 starts a long time before nutrients 
reach the distal small bowel (where GLP-1 
is secreted), raising the possibility that 
there are neural or hormonal mediators 
secreted from the proximal gut or else-
where that act upon GLP-1-producing 
cells. The differences between GLP-1 
and GIP actions are described in Table 1.

In patients with type 2 diabetes, the 
incretin effect is reduced; insulin  
response to hyperglycemia is suboptimal, 
while glucagon levels are elevated and are 
not suppressed when blood glucose levels 
rise. Although GLP-1 and GIP both 
increase the insulin response to oral glu-
cose ingestion, their metabolic effects are 
otherwise quite distinct. In contrast to 
GLP-1, GIP is ineffective in type 2 dia-
betes, and thus there is far less interest in 
GIP as a therapeutic intervention.
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Disease Mechanisms
The UKPDS4 has indeed shown that diabetes 

is a progressive disease. The disease process 

starts a decade or so before the diagnosis is 

made, and is marked by increasing insulin resis-

tance paralleled by increasing insulin production 

in order to maintain normal glucose control. As 

insulin needs increase, the pancreas reaches a 

point where it can no longer meet demand; beta 

cells then begin to fail while glucose levels begin 

to rise. When the fasting glucose exceeds 7 

mmol/L or when the postprandial level exceeds 

11.1 mmol/L, we can confirm the diagnosis of 

diabetes. By this stage, 75% of insulin sensitiv-

ity and 50% of the ability to produce insulin has 

been lost. One of the first changes we see is 

loss of first-phase insulin secretion, as well as 

loss of glucagon suppression with hyperglyce-

mia. Some of these changes reflect a decrease 

in incretin levels. As more beta cell function is 

lost, progressive insulin deficiency increases.

Screening for diabetes using an FPG test 

should be performed every three years in indi-

viduals >40 years of age. Earlier screening 

should be considered in those people with risk 

factors for diabetes. The CDA diagnostic criteria 

can be summarized as follows: 

NB: A confirmatory laboratory glucose test must be done on another day unless there is  

unequivocal hyperglycemia and acute metabolic decompensation.

Fasting plasma glucose 
(no caloric intake for at least 8 hours) ≥7.0 mmol/L

Casual plasma glucose 
(any time of day, regardless of interval since last meal) ≥11.0 mmol/L PLUS 

Classic symptoms of diabetes (e.g. polyuria, polydipsia, unexplained weight loss)

Two-hour plasma glucose 
in a 75 g oral glucose tolerance test ≥11.0 mmol/L

Table 1 
CDA criteria for the diagnosis of diabetes

OR

OR
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Use of incretin preparations in treat-
ment of type 2 diabetes
The discovery of the role that incretin 
hormones play in the physiology of car-
bohydrate metabolism, modulation of 
appetite and gastric motility made these 
agents therapeutic targets for the treat-
ment of type 2 diabetes and possibly for 
the preservation of beta cell function.

The pharmacokinetic profile of 
plasma GLP-1 following a single 1.5 
mmol/kg subcutaneous injection has 
been studied in human subjects with 
type 2 diabetes. The levels of total 
immunoreactive GLP-1 (representing 
both intact and bio-inactive degraded 
forms of the peptide) were subsequently 
elevated for up to three hours. In con-
trast, circulating levels of intact bioactive 
GLP-1(7-36) amide were only transiently 
increased and returned to baseline within 
60 minutes of injection. The transient 
appearance and rapid elimination of 
GLP-1 in plasma is attributable to a 
combination of enzymatic degradation 
and renal clearance.

Following meal ingestion, levels of 
intact GLP-1 and GIP rise rapidly in 
the portal circulation, and within min-
utes levels of both incretins are tran-
siently increased in the systemic 
circulation. Both GLP-1 and GIP are 
substrates for the enzyme dipeptidyl 
peptidase-4 (DPP-4), which cleaves and 
inactivates both peptides at the position 
2 alanine. Inhibition of this enzyme 
using DPP-4 inhibitors prolongs the 
circulating half-life of intact bioactive 
GLP-1 and GIP from the normal one of 
two minutes to 24 hours and reduces the 
generation of the metabolites GLP-
1(9-36) amide and GIP(3-42).

Because of the very short circulating 
half-life of GLP-1, its use as a native hor-
mone in the treatment of type 2 diabetes 

would necessitate its administration as a 
continuous intravenous infusion to  
attain therapeutic action. This is clearly 
impractical. 

The search for analogues that mimic 
GLP-1 action with less vulnerability to 
DPP-4 enzyme breakdown or for means 
of prolonging the action of GLP-1 have 
so far resulted in two injectable prepara-
tions with relatively long-acting effect: 

Exenatide is a potent agonist of GLP-1 
receptor. It is resistant to inactivation by 
DPP-4 and is more potent than GLP-1. 
The structure of exenatide carries 50% 
identity with human GLP-1.6, 7, 8

Liraglutide is a modified GLP-1 mol-
ecule to which a palmitoyl fatty acid side 
chain has been added. This improves its 
pharmacokinetics by allowing reversible 
albumin binding, thus slowing its 
absorption and its degradation by DPP-
4 inhibitors.  

In clinical use, exenatide (Byetta) is 
administered via subcutaneous injection 
twice daily, while liraglutide is injected 
only once daily. Both preparations are 
associated with improved blood glucose 
control, weight loss and decreased appe-
tite. The most common side-effects are 
nausea and vomiting. These products 
are not yet available in Canada.

DPP-4 inhibitors

Another method of increasing circulat-
ing levels of GLP-1 is to interfere with 
their breakdown by blocking the DPP-4 
enzyme responsible for rapid inactiva-
tion of GLP-1. 

DPP-4 inhibitors are oral medica-
tions that have been successfully used in 
the treatment of type 2 diabetes in clini-
cal studies. Three members of this group 
have been formulated: saxagliptin, sita-
gliptin and vildagliptin. To date only 

sitagliptin (Januvia) is available for clini-
cal use in Canada. 

Pharmacological evidence for the 
importance of DPP-4 in the control of 
GLP-1 degradation is evident from stud-
ies analyzing the proportion of intact 
versus degraded GLP-1 in pigs. The 
majority of circulating GLP-1 is rapidly 
degraded to bioinactive GLP-1(9-36) 
amide in the absence of DPP-4 inhibi-
tion. In contrast, infusion of GLP-1 in 
the presence of the DPP-4 inhibitor 
valine-pyrrolidide (Val-Pyr) results in 
preservation of levels of intact GLP-1(7-
36) amide.

The DPP-4 inhibitors are capable of 
reproducing most of the biologic actions 
of the incretin hormones in persons with 
T2DM (see Table 2).

Following sitagliptin administra-
tion, plasma DPP-4 activity increases 
in a dose-dependent fashion. Dose-
ranging studies revealed that the  
reductions in A1C were similar with 
sitagliptin 50 mg once daily, 100 mg 
once daily and 50 mg twice daily. Sub-
sequent studies have shown greater 
reductions with 100 mg once daily than 
50 mg once daily. This was, therefore, 
the dose carried forward in the subse-
quent studies.9 The drug is available in 
Canada in the 100 mg formulation. As 
with other oral antihyperglycemic 
agents, the degree of glucose lowering 
was dependent on baseline A1C levels 
with an average 1.13% reduction if 
baseline A1C was >8.5%.

Effect on glucose parameters 
and beta-cell function
A 24-week double-blind, placebo-con-
trolled monotherapy study comparing 
100 mg to 200 mg sitagliptin once daily 
in 750 patients with type 2 diabetes and 
a baseline A1C of about 8% was con-
ducted.10 Whereas the A1C increased in 

Features of T2D GLP-1 in T2D DPP-4 inhibitors

Defective glucose-stimulated insulin 
secretion

Glucose-dependent stimulation 
of insulin secretion

Yes

Slow insulin secretory response 
to meals

More adequate insulin response 
after meals

Yes

Hyperglucagonemia Suppression of glucagon secretion Yes

Reduction or absence of 
incretin effect

Replacement of incretin activity, 
greater incretin effect

Not tested, but probable

Reduced beta cell insulin content Increased synthesis of proinsulin Yes

Reduced endocrine beta cell mass
Increase in pancreatic islet 
beta cell mass  

Yes

Table 2 
Type 2 diabetes (T2D) and biological 
actions of GLP-1 and DPP-4 inhibitors

Table 1 
Overlapping and contrasting actions of GLP-1 and GIP

GLP-1 GIP

Released from L cells in ileum and colon Released from K cells in duodenum

Stimulates insulin release from beta cells Stimulates insulin release from beta cells

Potent inhibition of gastric emptying Modest effect on gastric emptying

Potent inhibition of glucagon secretion No significant inhibition of glucagon secretion

Reduction of food intake and body weight No significant effects on satiety or body weight

Significant effects on beta cell growth and survival Potential effects on beta cell growth and survival

Insulinotropic actions preserved in type 2 diabetes Defective insulinotropic action in type 2 diabetes

Adapted from: Drucker DJ. Diabetes Care 2003;26:2929-2940.
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those subjects receiving placebo, both 
doses of sitagliptin significantly 
improved glycemia to a similar degree 
(A1C reduction of 0.79% and 0.94% 
from baseline). Body weight decreased 
by 1.1 kg in the placebo group, presum-
ably due to continuing hyperglycemia. 
There was no weight increase in the 
active treatment groups, despite 
improved glucose levels. Sitagliptin was 
also associated with greater reductions 
in postprandial versus fasting glucose 
levels (see Figure 2). 

In the same study, beta cell function 
was assessed by the proinsulin/insulin 
ratio and HOMA–ß, and showed sig-
nificant improvement. This could be 
related to improved glucose levels and 
decreased glucotoxicity of the beta cells 
or to a direct effect of the drug on the 
beta cell.

Combination with metformin
When added to ongoing metformin 
therapy (> 1500 mg/day), sitagliptin 100 
mg daily was compared to placebo in 
650 patients with type 2 diabetes and 
baseline A1C of about 8%. Patients in 
this trial11 were followed for 24 weeks. 
Sitagliptin therapy was associated with a 
significant reduction in A1C (0.65%, 
p<0.001), which reached steady-state 
after about 18 weeks; 47% of patients on 
sitagliptin reached A1C <7%, compared 
to only 18% in the placebo group. 

Combination with pioglitazone
The safety and efficacy of sitagliptin 100 
mg once daily versus placebo added to 
background pioglitazone (Actos) therapy 
(30 mg to 45 mg daily) has also been 
studied.12 Over 24 weeks in more than 
330 subjects with type 2 diabetes (mean 
A1C of about 8%), sitagliptin therapy 
was associated with a significant reduc-
tion in A1C of 0.7%; 45% of patients in 
the active treatment group reached A1C 
of <7%, compared to only 23% in the 
placebo group.

Comparative study: 
sitagliptin vs. glipizide
The safety and efficacy of sitagliptin 100 
mg daily versus the active comparator 
glipizide (a sulfonylurea not available in 
Canada) 5 mg to 10 mg daily over 52 
weeks was studied in 1,172 subjects with 
type 2 diabetes.13 All participants were 
inadequately controlled on metformin, 
with a mean A1C of 7.5%. Sitagliptin 
showed comparable reduction in A1C to 
glipizide when added to metformin  
therapy. As would be expected from 
studies with other oral hypoglycemic 
agents, the degree of glucose lowering 
was dependent on baseline glycemic con-
trol with a mean reduction in A1C of 
about 1.7% in those subjects with a base-
line A1C of  >9%. In this study, sitaglip-

tin provided weight reduction of 1.3 kg 
versus a weight increase of 1.2 kg with 
glipizide, and a much lower incidence of 
hypoglycemia (4.9% vs. 32%). 

Co-administration of sitagliptin + 
metformin as initial therapy in type 
2 diabetes
The safety and efficacy of sitagliptin  
100 mg daily administered in combina-
tion with metformin as initial therapy 
relative to sitagliptin or metformin 
monotherapy over 24 weeks was also 
studied. More than 1,000 subjects with 
type 2 diabetes and a mean A1C of 8.8% 
took part.14 Note that in Canada sitaglip-
tin is only approved for use in combina-
tion with metformin.

The combination of sitagliptin 50 mg 
plus metformin 1,000 mg twice daily was 
associated with a 2.1% reduction in A1C. 
The degree of glucose lowering across 
the therapies was not statistically com-
pared, as a variable number of patients 
per group had been washed out of prior 
oral hypoglycemic therapy. In a group of 
patients who were not randomized 
(because their baseline A1C was above 
the entry criterion of 11%) and who were 
treated with open-label sitagliptin 50 mg 
plus metformin 1000 mg twice daily, a 
2.9% reduction in A1C and a 7.3 mmol/L 
reduction in FPG levels were observed.

Sitagliptin added to glimepiride alone 
or glimepiride plus metformin in 
patients with type 2 diabetes
The effects of sitagliptin 100 mg daily 
when added to glimepiride (Amaryl)  
>4 mg daily plus metformin >1500 mg 
daily was also studied in 441 subjects. 
This was the first trial to include sita-
gliptin as part of triple therapy. Overall, 
sitagliptin reduced A1C by 0.74%. The 
reduction was 0.57% in Stratum 1 (those 
on glimepiride alone) and 0.89% in 
Stratum 2 (those on glimepiride plus 
metformin).

Table 3 summarizes clinical trial and 
safety data for sitagliptin.

 
t r e a t m e n t

The CDA’s 2003 Clinical Practice 
Guidelines emphasize the importance of 
attaining and maintaining glycemic con-
trol as early as possible after diagnosis. 
Lifestyle modifications are indicated as 
an initial approach without medications 
if glycated hemoglobin (A1C) levels are 
below 9% at diagnosis. If glycemic tar-
gets (A1C <7%; pre-meal glucose 4 to 7 
mmol/L; two-hour post-meal glucose 5 
to 8 mmol/L) are not reached, or if ini-
tial A1C is greater than 9%, pharmaco-
therapy is initiated concurrent with 
lifestyle interventions.

Metformin is the recommended first-
line medication in practice guidelines 

worldwide, given its proven glycemic 
lowering effect, the durability of its gly-
cemic control and its safety and side-ef-
fect profile. Metformin is the only 
antihyperglycemic agent proven to
decrease all diabetes-related endpoints 
according to UKPDS data in overweight 
patients. It also decreased myocardial 
infarction in the same group when com-
pared with conventional treatment. 

If A1C is >9% at presentation or if 
glycemic targets are not achieved with 
metformin within two to three months, 
other agents should be added. The deci-
sion about which agent(s) to employ is 
made on a case-by-case basis, taking into 
account the pros and cons of each medi-
cation group.

The use of antihyperglycemic agents in 
clinical practice 

To address the positioning of incretin 
preparations in the treatment algorithm 
for type 2 diabetes, a review of available 
antihyperglycemic agents is warranted.

Alpha-glucosidase inhibitors (AGIs)

Complex carbohydrates from the diet 
are cleaved into oligosaccharides and 
disaccharides in the duodenum by pan-
creatic amylases, but these must be fur-
ther broken down to monosaccharides 
by brush border enzymes, the alpha glu-
cosidases, in order to be absorbed. This 
process is rapid and efficient, and most 
carbohydrates are digested and absorbed 
in the upper segment of the jejunum, 
with little carbohydrate reaching the 
distal jejunum or ileum. AGIs were 
developed to delay intestinal absorption 
of carbohydrates. Acarbose (Glucobay) 
is the only AGI available in Canada. 

The AGIs bind competitively to the 
carbohydrate-binding region of alpha-
glucosidase enzymes, thereby compet-
ing with oligosaccharides and  

preventing their cleavage to absorbable 
monosaccharides. Co-administration of 
AGIs with carbohydrate slows the diges-
tion of the carbohydrates and delays 
their absorption. The delayed absorp-
tion of carbohydrates from the proximal 
jejunum decreases the postprandial rise 
in blood glucose. 
Characteristics:
• 	Dose: 50 mg to 100 mg with the first 
	 bite of each meal; usually three times 
	 per day.
• 	Reduces A1C by about 0.5% to 0.8%.  
	 Negligible risk of hypoglycemia.
• 	Not recommended as initial therapy  
	 in people with severe hyperglycemia  
	 (A1C ≥9.0%).
• 	Often used in combination with other  
	 oral antihyperglycemic agents.
•	Weight-neutral as monotherapy.
• 	Most common side-effects are  
	 bloating, increased intestinal gas and  
	 abdominal cramping. Discontinuation  
	 rate is high (up to 60% in studies) due  
	 to the GI side-effects.
• 	Contraindicated in chronic renal  
	 failure and with inflammatory bowel  
	 disease. 

Biguanides

Metformin is the only biguanide avail-
able worldwide. The mechanism of 
action is not well understood. Hepatic 
glucose production is decreased with its 
use, thereby decreasing fasting glucose 
levels. It also has an insulin-sensitizing 
effect, which mildly reduces insulin 
resistance. Recently, the use of met-
formin has been found to increase 
GLP-1 levels, especially when used in 
conjunction with the DPP-4 inhibitor 
sitagliptin. 
Characteristics:
Dose: 500 mg to 2000 mg per day, given 
in a divided dose twice daily. Note that 
the Compendium of Pharmaceuticals and 
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FIGURE 2 
Post-meal glucose responses 
to sitagliptin monotherapy for 24 weeks
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Specialties lists the maximum dose as 
2500 mg, but research has shown that 
doses greater than 2000 mg do not add 
more benefit in glycemic control. Met-
formin should be taken during or after 
meals. Multiple daily dosing is needed 
due to its short half-life. This may 
decrease compliance. A long-acting 
formulation (Glumetza) is available in 
500 mg and 1000 mg, and can be given 
once daily. When metformin is used in 
monotherapy, there is no risk of hypo-
glycemia.
•	Improved cardiovascular outcomes in 
	 overweight subjects.
•	�Contraindicated if CrCl/eGFR  

<30 mL/min and in hepatic failure.
•	�Caution if CrCl/eGFR <60 mL/ min.
•	Weight-neutral as monotherapy;  
	 promotes less weight gain when  
	 combined with other antihyperglyce- 
	 mic agents, including insulin.
•	Improved glycemic control and less  
	 insulin needed when combined  
	 with insulin.
•	Side-effects are mainly gastrointestinal  
	 (nausea, abdominal discomfort and  
	 diarrhea). 
•	About 20% of patients using  
	 metformin have decreased vitamin  
	 B12 absorption. 
•	Lactic acidosis is extremely rare, and  
	 is usually restricted to using the  
	 drug in patients with end-stage  
	 renal disease or severe dehydration.

Insulin secretagogues 

Sulfonylureas: gliclazide (Diamicron, 
Diamicron MR), glimepiride (Amaryl), 
glyburide, others. Sulfonylurea drugs 
induce the release of insulin by binding 
to sulfonylurea receptors in the cell 
membrane of the beta cells. This results 
in closure of the KATP channels pres-

ent in the cell membrane of pancreatic 
beta cells and prevents K+ efflux 
through the channel pore, leading to 
membrane depolarization, and opening 
of voltage-sensitive Ca2+ channels, 
which allows influx of calcium and, in 
turn, the release of insulin through 
exocytosis.
Non-sulfonylureas: repaglinide and 
nateglinide. Short-acting preparations 
given just before meal ingestion. The 
mechanism of insulin release with rep-
aglinide seems to be similar to the sul-
fonylureas.

Repaglinide (Gluconorm): Dose 
range: 0.5 mg to 4 mg before meals; 
maximum dose 16 mg/day. Mostly 
excreted in the bile. Half-life not altered 
in renal dysfunction.

Nateglinide (Starlix): Dose 120 mg 
given just before meal ingestion. Has the 
potential to lower A1C by 0.5%.
Characteristics:
•	Relatively rapid BG-lowering  
	 response.
•	Least glycemic durability. 
•	All insulin secretagogues, except  
	 nateglinide, reduce glycemia by a  
	 similar degree. 
•	Postprandial glycemia is especially 
 	 reduced by repaglinide and  
	 nateglinide.
•	Hypoglycemia and weight gain are 
 	 especially common with glyburide.
•	Consider using other classes of  
	 antihyperglycemic agents first in  
	 patients at high risk of hypoglycemia  
	 (e.g. the elderly, renal/hepatic failure). 
•	If a sulfonylurea must be used in such  
	 individuals, gliclazide is associated  
	 with the lowest incidence of  
	 hypoglycemia and glimepiride is  
	 associated with less hypoglycemia  
	 than glyburide.

•	�Most sulfonylureas should be avoided 
in moderate to severe renal failure  
(eGFR <30 mL/min) because of active  
metabolites that may contribute to  
hypoglycemia. Gliclazide, because it 
does not have active metabolites, may 
be used with eGFR as low as 15 mL/
min. Repaglinide can also be used in 
patients with impaired renal function.

•	Repaglinide and nateglinide are  
	 associated with less hypoglycemia in  
	 the context of missed meals.

Thiazolidinediones

Thiazolidinediones (TZDs) have far-
reaching effects on adipose tissue, beta 
cells, vascular endothelium, muscle 
cells, liver and kidneys. Their actions 
include increased glucose disposal by 
increasing uptake of glucose by muscle 
and fat tissue.  

TZDs available:  pioglitazone (15 mg 
to 45 mg once daily); rosiglitazone 
(Avandia) (4 mg to 8 mg once daily); 
combination of rosiglitazone and met-
formin in varying doses. 
Characteristics:  
•	Increase insulin sensitivity.
•	Decreased free fatty acids (FFA). 
•	Increased adiponectin.
•	Preservation of beta cell mass  
	 (in animal studies).
•	Vascular & anti-inflammatory effects.
•	Longer durability of glycemic control  
	 with monotherapy compared to  
	 metformin or glyburide.
•	Mild BP lowering.
•	Require six to 12 weeks to achieve full  
	 glycemic effect.
•	Weight gain (waist-to-hip ratio not  
	 increased). 
•	May induce edema and/or heart failure  
	 in persons with compromised heart  
	 function.
•	Avoid in patients with any degree of  
	 heart failure.
•	Higher rates of heart failure when  
	 combined with insulin.
•	Rare occurrence of macular edema.
•	Rare occurrence of fractures in  
	 females.
•	Suggestion of increased risk of  
	 cardiovascular events with rosiglita- 
	 zone unsubstantiated.

Insulin

Insulin treatment provides replacement 
for the insulin insufficiency that con-
stitutes an integral part of the patho-
genesis of type 2 diabetes. Insulin can 
control diabetes in almost all cases. It 
acts by reducing hepatic glucose pro-
duction, reducing lipolysis and prote-
olysis, and enhancing insulin-mediated 
glucose uptake. 
Formulations:
• 	Rapid-acting analogues: aspart  
	 (NovoRapid), Lispro (Humalog).
• 	Short-acting: regular (Humulin-R,  

	 Novolin ge Toronto).
• 	Intermediate-acting: NPH (Humu- 
	 lin-N, Novolin ge NPH).
• 	Long-acting basal analogues: detemir  
	 (Levemir), glargine (Lantus)
• 	�Premixed: Regular-NPH (Humulin 

30/70; Novolin ge 30/70, 40/60, 50/50)
• 	Biphasic insulin aspart (NovoMix 30) 
• 	�Insulin lispro/lispro protamine 

(Humalog Mix25 and Mix50)
Therapeutic considerations:
•	Potentially greatest A1C reduction and  
	 no maximal dose.
•	Numerous formulations and delivery  
	 systems allow for regimen flexibility.
•	Hypoglycemia risk highest with  
	 regular and NPH insulin.
•	�When initiating insulin in patients 

with type 2 diabetes, consider adding 
bedtime intermediate-acting insulin or 
long-acting insulin analogue to day-
time oral antihyperglycemic agents 
(although other regimens can be used). 

•	Intensive insulin therapy regimen  
	 recommended if above fails to attain  
	 glycemic targets. 
•	Increased risk of weight gain relative  
	 to sulfonylureas and metformin.
•	Premixed insulin regimens can  
	 provide adequate glycemic control  
	 in selected patients.

Preventing complications

Long-term complications of diabetes 
include retinopathy, nephropathy and 
neuropathy (microvascular complica-
tions) and coronary heart disease, dia-
betic cardiomyopathy, cerebrovascular 
disease and peripheral arterial disease 
(macrovascular complications). 

The association between hyperglyce-
mia and microvascular disease has been 
proven by the results of the Diabetes 
Control & Complications Trial (DCCT) 
in type 1 diabetes and the UKPDS in 
type 2 diabetes. In a follow-up of the 
DCCT, it also became clear that glyce-
mic control early on in the course of 
type 1 diabetes results in significant 
decrease in macrovascular disease.
Vascular protection is advocated for 
high-risk patients with diabetes (most 
patients) through: 
1.	Glycemic control (A1C <7% & control  
	 of postprandial glucose levels) 
2.	Lipid control: LDL <2 mmol/L;  
	 cholesterol/HDL ratio <4 
3.	Control of blood pressure: <130/80  
	 mmHg
4.	ACE inhibition when indicated
5.	�Anti-platelet therapy in high-risk 

patients
In type 2 diabetes, the Steno-2 study 

proved that a multi-faceted approach 
(glucose, lipid and blood pressure con-
trol, ACE inhibitors and ASA) to treat-
ment of patients with type 2 diabetes 
and increased urinary albumin excre-
tion resulted in significant decrease in 

Sitagliptin once daily monotherapy:

Substantially improved glycemic control (A1C, FPG, PPG)
	 •  Greater proportion pts achieved A1C targets
	 •  Greater A1C reduction with higher baseline A1C
	 •  Improved beta cell function

Demonstrated overall safety and tolerability similar to placebo
	 •  Slightly higher incidence of mild GI side-effects
	 •  Low incidence of hypoglycemia, similar to placebo
	 •  No change in body weight relative to baseline

Combination sitagliptin + metformin as initial therapy:

 Marked reductions in mean A1C
	 •  Up to 2.1% reduction relative to placebo in randomized cohort
	 •  Nearly 3% reduction from baseline in open-label cohort

Up to 66% of patients achieved A1C <7%

Generally well tolerated, similar incidence of GI side-effects as 
metformin monotherapy

Table 3 
Summary of clinical studies of sitagliptin
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mortality from cardiovascular causes 
and of cardiovascular events generally. 
There was also significant decrease in 
microvascular complications. 

The Action to Control Cardiovascu-
lar Risk in Diabetes (ACCORD) study 
randomized >10,000 patients at high risk 
for myocardial infarction and stroke, 
diagnosed with type 2 diabetes for an 
average of 10 years and either a history 
of CV disease or the presence of two 
other risk factors for arteriosclerotic 
heart disease into an intensive glycemic 
control group (A1C target <6%) or to 
standard treatment (A1C target of 7% to 
7.9%). Patients were treated with all 
available antihyperglycemic agents at 
the discretion of the treating physician 
to attain treatment targets. 

On February 6, 2008, the Data 
Safety Monitoring Board stopped the 
glycemic arm of the study 18 months 
ahead of schedule (but continued the 
blood pressure and lipid arms) because 
of increased mortality in the intensive 
treatment group. 

Researchers for the Action in Diabe-
tes and Vascular Disease: Preterax [sold 
in Canada as Coversyl Plus] and Dia-
micron MR Controlled Evaluation 
(ADVANCE) study, which enrolled 
more than 11,000 participants with 
characteristics similar to those in the 
ACCORD study, recently analyzed 
their data and found no increase in CV 
mortality in the intensive glycemic 
control group (average A1C of 6.4%). 
The intensive treatment group gave 
gliclazide MR for all patients, and a 
range of other drugs for those not 
reaching target blood glucose levels.  
We therefore need to emphasize 
several points:
1.	Patients with type 2 diabetes should  
	 be treated to target A1C <7%,  
	 because this was shown in the  
	 UKPDS to decrease microvascular  
	 and macrovascular disease in a study  
	 of >10-year duration.
2.	Treatment goals should be directed to  
	 the individual taking into account the  
	 characteristics of therapeutic interven- 
	 tions and patient’s co-morbidities.
3.	In patients with type 2 diabetes of  
	 long duration and with high risk of  
	 cardiovascular disease, caution should  
	 be taken to not intensify glycemic  
	 control below the A1C 7% target,  
	 especially if there is a tendency for  
	 recurrent hypoglycemia.
4.	Patients should not change treatment  
	 nor stop anti-hyperglycemic agents  
	 on their own, but should discuss  
	 treatment regimens with their  
	 diabetes team.

Quality of Life Issues

As a chronic disease associated with 
increased morbidity and shorter 
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Insulin resistance and loss of first-phase 

insulin secretion is the predominant defect in 

the early stages of diabetes. Treatments there-

fore are directed toward improving insulin resis-

tance, decreasing insulin needs and reducing 

hyperglucagonemia. With disease progression, 

insulin deficiency predominates and treatment 

options become more insulin-focused. 

The UKPDS showed a progressive decline in 

beta cell function, irrespective of treatment with 

metformin, sulfonylureas or insulin, the standard 

treatments of the time. More recently, treatment 

with TZDs has demonstrated pancreatic preser-

vation in animal studies and longer durability of 

glycemic control in monotherapy, compared to 

glyburide and metformin. The new incretin 

enhancers also show some promise of improv-

ing pancreatic beta cell function in human and 

animal studies, and preventing beta cell death 

in animal studies.  

Medication regimens must be individualized, 

balancing the potential for lowering A1C against 

cost, adherence, safety and side-effects. 

Step 1: Treatment always starts with changes 

in diet and exercise. Patients should be referred 

to a dietitian and appropriate educational pro-

grams. If these measures do not achieve ade-

quate control in three months, medication 

should be added. In patients with A1C >9%, two 

simultaneous treatments are indicated, since 

neither alone is likely to reduce A1C by more 

than 1% to 1.5%. 

Metformin, the most common first-line drug, 

increases insulin sensitivity and decreases glu-

cose burden by reducing glucose production 

from the liver. Sometimes associated with GI 

side-effects such as nausea and diarrhea, it 

does not cause weight gain or hypoglycemia. It 

should not be used in moderate to severe renal 

failure (eGFR <30 mL/min) and should be used 

with caution in patients with eGFR of 30 to 60 

to decrease the remote possibility of lactic aci-

dosis. We start with small doses of 250 mg to 

500 mg once (long-acting preparation) or twice 

daily in order to minimize side-effects, titrating 

up to the full therapeutic dose of 1000 mg 

twice a day. Doses in excess of 2000 mg do 

not improve glycemic effect and usually result 

in increased GI side-effects.

Step 2: If we cannot achieve target levels of 

glycemia with lifestyle intervention alone or with 

metformin, adding a second agent is prudent. 

We must consider complementary mechanisms 

of action and where the patient is on the con-

tinuum of pancreatic insufficiency. 

The TZDs and, potentially, the incretin enhanc-

ers may offer some measure of pancreatic pro-

tection. Pioglitazone and rosiglitazone decrease 

glucose load by increasing insulin sensitivity and 

glucose uptake in fat and muscle. On their own, 

they do not cause hypoglycemia. They tend to be 

associated with some weight gain and may 

cause increased fluid retention and edema. They 

should not be used in patients with any degree 

of heart failure, as they can increase fluid load 

that leads to congestive cardiac failure. TZDs 

are not approved in Canada for use in combina-

tion with insulin, given the increased potential 

for fluid retention and the risk of CHF. 

In type 2 diabetes, incretin levels are reduced, 

leading to loss of first-phase insulin secretion 

and a lack of suppression of glucagon secretion 

with increased glucose levels. Incretins are rap-

idly broken down by the DPP-4 enzyme, but 

DPP-4 inhibitors increase blood levels of these 

hormones to normal physiologic levels.

The only DPP-4 inhibitor approved in Canada 

is sitagliptin, available in a 100 mg tablet to be 

taken once daily with metformin. This combina-

tion can lower A1C by 1% to 1.5%. In mono-

therapy, sitagliptin lowers A1C by 0.8% to 0.9%. 

There is no increased risk of hypoglycemia when 

used as monotherapy or in combination with 

metformin and no associated weight gain. The 

drug is metabolized and excreted by the kidney, 

thus is not indicated in cases of moderate to 

severe renal failure (eGFR <30 mL/min).

Secretagogues increase endogenous insulin 

output, thereby lowering glucose levels. The sul-

fonylurea glyburide is best known; gliclazide 

tends to cause less hypoglycemia in the elderly. 

The meglitinides have particular value in people 

who have irregular mealtimes, as they are very 

short-acting secretagogues and are given only 

with meals.

Insulin can be used at any stage of treatment 

for type 2 diabetes, but becomes more essen-

tial with decreasing endogenous insulin levels. 

Insulin should be used if marked hyperglycemia 

or metabolic decompensation is present. We 

usually start with a bedtime dose of intermedi-

ate- or long-acting insulin, then titrate up to 

achieve normal fasting glucose levels. If A1C 

remains high because of postprandial hypergly-

cemia despite normal fasting glucose levels, full 

basal/bolus insulin may be needed. 

Medications with complementary mecha-

nisms of action are added to achieve control. 

Although no manufacturers have applied to 

Health Canada for an indication of triple or qua-

druple combination therapy, such approaches 

are frequently used. However, we discontinue 

TZDs when we start insulin and usually stop 

secretagogues if we are treating with multiple 

daily injections. 

People with type 2 diabetes may receive pre-

scriptions for as many as 10 different medica-

tions, several of which may be dosed at different 

times. Adherence is therefore a challenge. We 

must make medication directions as simple as 

possible, preferably dosing no more than twice 

a day while offering tools such as dosettes or 

pre-packaged medications. 

Treatment
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lifespan, diabetes has a significant effect 
on quality of life (QOL). Depression is 
associated with hyperglycemia in 
patients with type 1 or 2 diabetes. It is 
present in > 25% of patients, and has 
adverse effects on functioning and 
QOL.15 Furthermore, the effect of 
depression on QOL is more significant 
in people with diabetes compared to 
non-diabetic individuals.16 

Other effects on QOL relate to the 
disease’s effect on general well-being, 
employment capacity, the ability to 
maintain medication vigilance, follow a 
good diet, quit smoking and exercise. 
Decreased energy, increased health 
care expenditure (including out-of-
pocket expenses), discrimination, com-
plicated treatment regimens and guilt 
can also negatively impact diabetes suf-
ferers. Sadly, this list is not exhaustive. 

Data suggest intensive medical treat-
ment of diabetes and co-morbidities sig-
nificantly improves QOL compared 
with controls. Ménard and colleagues 
found that QOL was not affected by 
complications or hypoglycemic epi-
sodes, and that scores improved in 
patients who began insulin treatment 
during the study.17 The authors con-
cluded that QOL improved significantly, 
despite the inherent constraints imposed 
by intensive medical treatment. 

In another study in the primary-care 
setting, patients treated with insulin 
reported higher diabetes-related emo-
tional distress compared with oral- or 
diet-treated patients.18 However, the 
greater distress was largely explained by 
greater disease severity and self-care 
burdens. There seems to be no contra-
diction between these two studies, 
which suggests that high disease burden 
results in poor quality of life and that 
intensive medical and lifestyle interven-
tion improves QOL parameters.

A study on the effectiveness of anti-
depressants in patients with mild 
depression scores demonstrated no 
clear QOL or glycemic control benefit 
in patients with type 2 diabetes treated 
with paroxetine compared with place-
bo.19 The study indicated that any pos-
sible benefit from administration of 
paroxetine in diabetic patients with 
mild depression is likely to be modest 
and of short duration. Routine anti-
depressant prescription for patients 
with diabetes and sub-threshold 
depression is not indicated.  

The take-home message is that 
depression and type 2 diabetes fre-
quently coexist and often go unrecog-
nized. As Dr. Conway pointed out in a 
recent editorial, there are many barri-
ers to effective care of the person with 
diabetes — the failure to recognize and 
treat co-existing depression should not 
be one of these.

p r o g n o s i s

The therapeutic choices for treating 
hyperglycemia include lifestyle mea-
sures, metformin, incretin enhancers, 
TZDs, insulin secretagogues, acarbose 
and insulin. Each of these tools has a 
role to play in treatment, but practitio-
ners must recognize the unique contri-
butions that each can make. 

Glycemic control of A1C to less 
than 7% is a cornerstone of diabetes 
treatment. By early, aggressive and 
effective use of the tools we have, and 
the subsequent treatment of comor-
bidities, we can advance diabetes care 
and provide an improved quality and 
quantity of life to our patients. Treat-
ment is multifactorial, involving not 
only glucose control, but also blood 
pressure treatment to <130/80 mm 
Hg, vascular protection with ACE 
inhibitors, cardiovascular risk reduc-
tion with statins and thrombosis pre-
vention with ASA. l
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Mr. R.C. is a 50 -year-old administrative assis -
tant whose father and a brother both have dia-
betes. His father had a myocardial infarction 
at age 58. At his first visit three years ago, his random 
glucose was 11.8 mmol/L; a subsequent fasting glu -
cose was 8.1 mmol/L. At that time, he weighed 226 
lbs (102.7 kg) with a 5’10” (178 cm) frame (BMI 32.5). 
He led a sedentary lifestyle. Blood pressure (BP) was 
135/80 mmHg and other key lab values were: total cho-
lesterol (TC) 5.3, HDL 0.9, LDL 3.2, triglycerides (Trig) 
1.75 mmol/L and A1C 7.8%.

After lifestyle counselling, he was treated with an ACE inhibitor along 

with a statin, ASA for cardiovascular prevention and metformin 500 

mg bid, which was increased two months later to 1 g bid. He was encour-

aged to lose 5% of total body weight — a goal he achieved — and he 

began to walk daily for exercise. His weight came down to 210 lbs and 

on metformin his A1C was 6.8%. 

At his recent annual checkup, three years af ter diagnosis, his val -

ues are as follows:

Physical examination: Weight 218 lbs (99 kg); Height 5’10” (178 cm); BMI 

32.5; waist circumference 46” (115 cm); BP 130/76 mmHg.

Laboratory investigations: FPG 8.1 mmol/L; A1C 7.5%; average glucose 

10.5 mmol/L; TC 3.2 mmol/L; HDL 1.1 mmol/L; LDL 2.0 mmol/L; TC/HDL 

2.90; Trig 3.60 mmol/L; urinary albumin/creatinine ratio (uACR) 1.8.

He had been doing well with diet, exercise and metformin, but over the past 

year has regained lost weight and his FPG levels have increased. He no longer 

walks every day. Although reinforcement of lifestyle changes with referral to 

a dietitian and a structured exercise prescription are needed, he also requires 

the addition of a second antihyperglycemic agent. He meets the criteria for 

metabolic syndrome and insulin resistance. 

Treatment guidelines suggest several options, which should be discussed 

with the patient. Decisions should be made on a case-by-case basis. A TZD 

is considered, but there are concerns about the potential for further weight 

gain. We decide to add a DPP-4 inhibitor, as it tends to be weight-neutral 

and, in combination with metformin, can achieve the needed 1% reduction in 

AIC. Because the mechanisms of action are complementary, he will continue 

the full therapeutic dose of 2000 mg metformin daily. 

Follow-up

After three months, Mr. R.C.’s glucose monitoring records show an average 

fasting glucose of 7.2 mmol/L. His A1C is 6.8% (a 0.7% reduction from previ-

ous), consistent with an average glucose of 9.0 mmol/L. He is managing to 

walk three days of the week and has achieved a three-pound weight loss. He 

is booked for a further A1C test in three months. ●

1 Case Study:
Presentation
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Ms M.J. is a 38 -year-old hairdresser who com-
plains of frequent urination without burning 
both day and night. She has been overweight 
for many years and has recently joined a sup-
port group. She follows a very low-calorie diet 
and uses meal replacements. Her weight sup-
port group leader has recently encouraged 
her to join a gym where she now works out for 
a half-hour every day. 

Ms M.J. is a smoker and is afraid she will gain weight if she 

tries to quit. She reports that her mother was overweight 

and suffered from angina but had no history of diabetes.

Physical examination: Weight 198 lb (90 kg); height 5’4” (162 cm); BMI 34.4; 

waist circumference 40.8” (102 cm); BP 138/86 mmHg.

Laboratory investigations: FPG 11.4 mmol/L; A1C = 10% consistent with 

average glucose 15.5 mmol/L; urinalysis shows 2+ glucose, and otherwise 

negative (no protein, no nitrites, no leucocytes); uACR 3.6; TC 6.7 mmol/L; 

HDL 0.9 mmol/L; LDL 3.2 mmol/L; TC/HDL 7.4; Trig 3.8 mmol/L.

Ms M.J. has type 2 diabetes mellitus with obesity, the metabolic syndrome, 

diabetic nephropathy with microalbuminuria, and hypertension. The latter two 

diagnoses place her at high cardiovascular risk. She is advised that very low-

calorie diets tend to be associated with cycles of weight loss and gain, but she 

is satisfied with her program and has lost 12 pounds over the past month. 

Because her A1C is >9%, CDA guidelines suggest that we start her on two 

therapeutic agents. Because of her insulin resistance, we consider a TZD 

together with metformin, but she is opposed to this strategy because her 

weight loss support group has given her a list of medications to avoid, believ-

ing they may cause weight gain. Included on the list are TZDs, SUs and insu-

lin. She is started on metformin (250 mg once a day, titrated up to 1000 mg 

twice daily). At the same time, she starts sitagliptin 100 mg once daily. She 

is also given the ARB losartan 100 mg once daily for hypertension and neph-

ropathy, the goals being not only to achieve BP <130/80 mmHg but also to 

reduce the uACR to <2.5 mg/mmol. She is given a statin at a dose adequate 

to reduce LDL to <2 mmol/L (simvastatin 40 mg once a day).

Follow-up

She was seen in follow-up one week later: BP was down to 128/78 mmHg, 

and electrolytes and creatinine were normal. She had lost two more pounds 

and had been doing well with her exercise program. She returned three 

months later, having lost a further 10 lbs. FPG was 7.2 mmol/L and A1C was 

7.9%, consistent with an average glucose of 11.3 mmol/L. As her weight loss 

progresses, we expect to see a further reduction in A1C. She is booked for 

follow-up and A1C testing in three months. If A1C has not significantly 

improved, we will add another agent. ●

Mrs. D.M. is a 65-year-old retired nursing assis-
tant diagnosed with diabetes two years ago. 
She has hypertension and dyslipidemia, and her 
father died at age 52 from a heart attack.  
She is physically active and of normal weight. She had 
been treated with an ACE inhibitor but developed a 
cough so she was switched to an ARB/diuretic combi-
nation ; she also takes simvastatin 40 mg once daily 
and EC-ASA 81 mg daily.

Three months after diagnosis she star ted metformin 500 mg 

twice daily; this was increased to 1000 mg twice daily six 

months later. Three months ago, with her A1C at 8%, glyburide  

5 mg twice daily was added. She subsequently had a severe epi-

sode of hypoglycemia and was taken to hospital by ambulance. 

Because of this, gliclazide was substituted, but she had several 

subsequent hypoglycemic episodes during the night. She is very 

concerned about the hypoglycemia and is worried about fur ther 

episodes if she continues the sulfonylurea.

Physical examination: Weight 148 lbs (67 kg); height 5’6” (167 cm); BMI 

24; BP 127/78 mmHg; home glucose monitoring shows average FPG 9.1 

mmol/L; overall average glucose 11.2 mmol/L in the preceding month.

Laboratory investigations: FPG 9.4 mmol/L; A1C at 8% is consistent with 

average glucose of 11.5 mmol/L; TC 4.5 mmol/L; HDL 1.22 mmol/L; LDL 

1.9 mmol/L; TC/HDL 3.7 mmol/L (target <4), Trig 1.40 mmol/L; random 

urine for albumin/creatinine ratio 2.4 mg/mmol.

She has not achieved adequate glycemic control on metformin but the 

addition of a sulfonylurea (SU) has resulted in serious hypoglycemia. The SU 

was changed from glyburide to gliclazide (which is associated with less hypo-

glycemia), and despite recurrent mild hypoglycemic episodes overnight, she 

has not achieved glycemic targets. Her A1C remains at 8% (target <7%), and 

she feels uncomfortable continuing the SU. We recommend adding a DPP-4 

inhibitor (sitagliptin 100 mg once a day) because hypoglycemia is very unlikely 

when it is added to metformin. We expect a further 1% A1C reduction when 

combined with metformin (1000 mg twice a day), which should bring her to 

target glucose control.

Follow-up

Three months later, her A1C is 6.9%, showing adequate glycemic control with 

her current medications. ●

3 Case Study:
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